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	Module 4, Lesson 2 – Connecting two NXTs via bluetooth
Teacher


? minutes

Purpose of this lesson

· Connect two NXT computers wirelessly, using Bluetooth.
· Program each NXT so that one can send information to the other.
· Collaboration and communication between two student teams.

Materials

Copy of the lesson

Computer with Mindstorms software

2 NXTs (two student pairs/teams can collaborate, each bringing their NXT)
1 temperature sensor – which you built in modules 1 and 2 previously.
Introduction
In this lesson, you will program two NXTs to communicate and work together. A “slave” NXT will make measurements with a temperature sensor at regular time intervals, and will then send these measurements to a “master” NXT. The “master” NXT will receive the temperature measurements and data-log them by saving them in a text file, which you can then upload to your PC where you can view and analyze the data.

To make two NXTs communicate with each other, you need to do the following:

· Turn on both NXTs, and then turn on their Bluetooth radios.

· Designate one NXT as a master, and wirelessly connect it to the other NXT as a slave.

· Write a program to run on the master NXT (e.g. to receive data).

· Write a program to run on the slave NXT (e.g. to send data).

One master NXT can actually send and receive messages to/from up to three slave NXTs. In later lessons, you will build your own Wireless Sensor Network, by having three sensor nodes (slave NXTs) in different locations that transmit data back to the master NXT for data-logging. But for today we will just make one master NXT talk to one slave NXT.

	Search the Mindstorms help menu to find help files on “Send Message Block” and “Receive Message Block”. Read these files before you proceed – some relevant parts of these files are also reproduced and attached at the end of this lesson.


Part 1 – connecting two NXTs using Bluetooth
Giving your NXTs names:

Every NXT has a name. When you turn on the NXT, you can see its name displayed at the top of its liquid crystal display screen. A new NXT from the factory will probably have a simple default name like “NXT”. You can rename your NXT to be any name you like. This is important, because when everyone in your class turns on their NXTs’ Bluetooth radio transmitters, your NXT will start to see everybody else’s NXT within range! You need to tell your master NXT to talk only to your slave NXT, and you do this by giving them personalized names, for example “RustamMaster” and “RustamSlave1” and “RustamSlave2” etc. (Rustam is the name of the person writing these lesson notes for you!). If everyone in your class uses the same names (e.g. something boring like “NXT1”) then you will all get very confused by each others radio signals.
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Turn on an NXT and connect it to the PC via Bluetooth cable. Open up the Mindstorms programming software and click the “NXT Window” button (found on the controls in the bottom right corner of the screen) to open up the NXT Window.
Turning on your NXTs’ Bluetooth radios:
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Turn on each NXT and use the grey arrow buttons to scroll through the top level menu until you find the Bluetooth icon. Select this with the orange button and it will take you into the Bluetooth menu. Now use the grey arrow buttons to scroll through the Bluetooth menu until you find the on/off icon, and use the orange button to set the Bluetooth radio to ”on”.
Once the Bluetooth radio has been switched on, an indicator symbol will appear in the top left corner of the NXT screen like this:
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Connecting the master NXT to the slave NXT:
Decide which NXT you want to be the slave (this one will have sensors and act as a sensor “node” in your distributed wireless sensor network), and which NXT will be the master (this one will collect data from the slave sensor nodes and save it into a data-log file). Make sure both NXTs have sensible and distinctive names (e.g. “FredsMaster” and “FredsSlave1”). Make sure both NXTs are switched on, and both have their Bluetooth radios switched on (see above instructions).
Now select the Bluetooth menu on the master NXT. Scroll through this menu until you find the “Search” icon. Select this to make the NXT start searching for other available Bluetooth devices which are nearby. Once the search is finished, scroll through the list of detected devices until you find the name of your slave NXT (e.g. “FredsSlave1” or whatever) and select this.
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The NXT will now ask you to choose whether this slave will be slave number 1, 2, or 3. For today’s lesson, you only have one slave NXT, so for now just select “1”. In later modules, your master NXT will have 3 slave NXTs, and these will be designated 1, 2 and 3 respectively. This contact number is like an address – the master can send messages to different slaves by designating them with these address numbers. Note: once the NXTs are connected, the slave will show its master as being listed as 0, i.e. the slave addresses messages to NXT 0 when it wants to send data to its master. Once the two NXTs are connected, the little icon in the top left corner of the screen of both NXTs will change to look like this (see figures on the right).
Part 2 – creating master and slave programs
	Make sure you have read the Mindstorms help files for the “Send Message” Block and the “Receive Message” Block before you continue. Parts of these help files are reproduced and attached at the end of this lesson.


To make your slave NXT send sensor data to the master NXT, you must write two programs which will run simultaneously:

· A program runs on the slave NXT to capture sensor data and “mail” it to the master NXT.

· A program runs on the master NXT to “check its mail”, collect the numbers sent from the slave, and then save them in a data-log file and/or display them on the screen.

Writing a program for the slave NXT (the sensor node):

There is more than one way to do this, but the important thing is that you must use the “Send Message” block to “mail” the sensor readings to the master. A simple program to do this:
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Note: we made things more complicated than necessary – we added an extra “number-to-text” block to convert the sensor number into text, and then we told the “Send Message” block to mail text to the master. Instead, we could have not bothered converting the number to text, and simply mailed numbers to the master (by selecting the “number” option in the “Send Message” block). However, in later lessons you will start sending numbers from many different sensors simultaneously, and you will want to ensure that these appear as neat separate columns of numbers in your data-log text file. It is easier to do this if the numbers are in text form, because there are special programming blocks which we can use for arranging and combining sections of text, before we write them to the data-log file.
Writing a program for the master NXT:
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This program must receive sensor data from the slave, and then save it to file (in this example we will also display the data on the NXT screen). Again, there are many ways to do this and you can experiment and personalize your programs in many ways. One simple program is like this:
Testing:

· Connect your temperature sensor into the slave NXT (make sure you use the same sensor port that is specified in your code).

· Download the slave program into the slave NXT and start it running.

· Next, download the master code into the master NXT and start it running.
· Check that sensible looking temperature figures are being displayed on the screen of the master NXT.

· Let both NXTs run for a short time (depending how frequently your code takes sensor readings).

· Stop both NXT programs.

· Connect the master NXT to your PC and upload the data-log text file.

· Open up the text file and check that a sensible looking series of temperature numbers have been written to the file – there should be a single column of temperature readings.
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Send Message Block (reproduced from Mindstorms Help file)
This block allows you to send a wireless message to another NXT.

Configuring the NXT for Wireless Communication

Before wireless messages can be sent or received, the participating NXTs must be set up for wireless communication.

On the (master) NXT that will communicate with other NXTs, navigate to the Bluetooth category and choose Search that will start a search for other devices. When the search is complete, choose which connection number (1, 2, or 3) you want the second (slave) NXT to be known as. The first time a connection is established between two NXTs, a prompt to enter the Passkey will appear on both NXTs; this needs to be accepted by both. Now when you navigate to the Connection category on the master NXT, the slave NXT should be shown by its name occupying the selected connection number. On the slave NXT, the master NXT should be shown occupying connection number 0. At this point, the master NXT is ready to initiate communication with the slave NXT.

If the master NXT needs to communicate with multiple NXTs (up to a maximum of three), you should repeat the above process.

Note! If you have multiple NXT devices talking to each other, and your master NXT is also talking to more than one NXT device, you will need to have at least a one second delay built in to the program to allow the Bluetooth radio to change channels before sending the messages.

It’s only necessary to go through this process on one NXT. The receiving NXT will automatically update its connection when the master NXT is setting up its connection number.

Connection Number

The connection number for each NXT might be considered its address in the wireless world. You send a message to a specific NXT by indicating its connection number.

You can also use the Bluetooth Connection Block to connect to a NXT from the Contacts list. See Bluetooth Connection Block for further information

Mailbox Number

Each NXT has ten mailbox numbers where wireless messages can be deposited. Each mailbox number can hold up to five messages. If the mailbox number fills up with five messages, adding one more message will cause the NXT to erase the oldest message.

Sending a Message

To send a wireless message (after all NXTs have been configured with connection numbers), first select the connection number of the target NXT. Then choose the message format (Text, Number, or Logic). Input the message by typing in some text or a number, or choosing a logical condition (true or false). Finally, choose the mailbox number (where the message will be stored) at the target NXT. The message format and the message itself can also be specified by using input data wires.

Note: see the Receive Message block for information on receiving a wireless message.

Display Settings
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1. This is the connection number of the target NXT (that is to receive the message). 

2. The message type and the message itself can be supplied dynamically using input data wires. The output plugs to the right will pass any input information through to other blocks, if necessary. (See the Data Hub section below for more information.) 

Configuring the Send Message Block
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1. Use the radio buttons to choose the connection number of the target NXT. 

2. The pull-down menu will let you select the message type (Text, Number, or Logic). 

3. Input the message by typing in some text or a number (if you have chosen Text or Number respectively), or, if sending a Logic message, using the radio buttons to choose true or false. 

4. Choose the mailbox number at the destination NXT. 
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Receive Message Block (reproduced from Mindstorms Help file)
To receive a wireless message, set the message type and mailbox number to match those of the sending NXT. This block’s output can be the incoming message itself or a “true/false” logic value (if you are comparing the incoming message to a test message).

Receiving a Message

To receive a wireless message (after all NXTs have been configured with connection numbers), first indicate the format of the incoming message (Text, Number, or Logic).

If you want to test that a certain message has been received (and have the Receive Message block send out a “true” signal), type the test text or number in the input box, or check either true or false. If the incoming message, matches the test message, a “true” signal will be sent from the block through the “√/x” plug.

To finish configuring the block, choose the mailbox number where the incoming message will be stored.

Note: See the Send Message block for information on sending a wireless message.

Display Settings
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1. The data hub will open automatically when the block is attached to a sequence beam. The incoming message will be sent as output from one of three data hub plugs depending on the message format: if the incoming message is in text format, it will be sent through the “T” plug; if the message is a number, it will be sent through the “#” plug; and if the message is a logic value, it will be sent through the “√/x” plug.

You can also send out a logic (true/false) signal through the “√/x” plug if you want to compare the incoming message to a test message you provide. (See the Data Hub section below for more information.)

Configuring the Receive Message Block

[image: image7.png]Bl ) esaoe @

] maibo





1. The pull-down menu will let you select the message type (Text, Number, or Logic) of the message being received. 

2. If you want to compare the incoming message to a test message, either type in the test text or number (if you choose Text or Number respectively as the format), or use the radio buttons to choose the test logic value (true or false). 

3. Choose the mailbox number where the incoming message will be stored. 

The message we are sending contains text (rather than pure numbers)





The address of the master NXT is always 0





The master NXT has several mailboxes. For today we will only send messages to mailbox number 1.





Go back to the beginning and repeat





Stop and wait for one second (set this delay to however frequently you wish to sample data – i.e. every minute or every hour etc.)





Mail the text to the master NXT





Convert the number into text





Use the “My Block” you created in the previous lesson, to take a reading from the temperature sensor





Now the NXT has established contact with another NXT.








This NXT has its Bluetooth radio turned on, but it is not yet connected wirelessly to another NXT.








Now assign the slave NXT to be known by the master NXT as “slave no. 1”, by selecting the “1” icon.





Scroll through the list of detected devices, until you find the name of your slave NXT, and select this.





Select the “Search” icon…





…to make the NXT start searching for other nearby devices





Indicates that


Bluetooth is on








Nothing here indicates that Bluetooth radio is turned off








“On/Off” icon in the Bluetooth menu





The Bluetooth icon in the NXT top level menu





The name of this NXT


(yours might say “FredMaster” or whatever name you chose).





Enter a new personalized name for your NXT here


(e.g. “FredsNXT”)








Then click the ENTER button here to load the new name into the NXT











This is the current name of your NXT





Clicking the “NXT Window” button here





will open up the NXT Window here











Go back to the beginning and repeat





Stop and wait for one second (this delay should be the same as whatever you set in the slave program).





Write the sensor reading to your data-log file





Display the sensor reading on the screen





Receive a sensor reading from the slave NXT into mailbox no. 1





The message will contain text (not pure numbers)





The message will arrive in mailbox no. 1





Don’t worry about this box – just leave it blank





Name of the text file you will use for data-logging 





Write text to the file (not pure numbers) 
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