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	Module 4, Lesson 3 – Building a distributed sensor network
Teacher


? minutes

Purpose of this lesson

· Connect one master NXT to multiple slave NXTs.
· Program each slave NXT to monitor the environment with multiple sensors.
· Program the master NXT to receive and collate sensor data sent from all three slave NXTs.
· Collaboration and communication between up to four student teams.

Materials

Copy of the lesson

Computer with Mindstorms software

4 NXTs (4 student pairs/teams should collaborate, each bringing their NXT)
4 × each of temperature, salinity, turbidity and depth sensors.
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Introduction
In this lesson, you will build a wireless, distributed sensor network with three sensor nodes, similar to that shown in the picture on the right.
What you built in the previous lesson was equivalent to this network but with only one sensor node (only one red dot in right-hand picture). Today you will add more sensor nodes, by making your master NXT receive sensor data from additional slave NXTs.
	Note to teacher:

Ideally 4 student pairs/teams will use their 4 NXTs – one master connected to three slaves. However, your class may not break up evenly into groups of four student pairs. If so, you may wish to have some groups of just 3 student pairs – they will connect one master NXT to only two slave NXTs instead of three and can create a sensor network with just 2 sensor nodes.


Part 1 - Connecting one master NXT to three slave NXTs
Turn on all four NXTs and decide which will be the master, and which will be the three slaves. Give all four NXTs sensible and distinctive names, e.g. FredMst, FredSlv1, FredSlv2 and FredSlv3. Make sure all four NXTs have their Bluetooth radios turned on.
Now start repeating the same steps as you did in Lesson 2, in the section titled ” Connecting the master NXT to the slave NXT”.  First select the Bluetooth icon in the top level menu on the master NXT. This will take you into the Bluetooth menu. Scroll through this menu until you find the “Search” icon. Select this to make the master NXT start searching for other available Bluetooth devices which are nearby. Once the search is finished, scroll through the list of detected devices. You should be able to see the names of all your slave NXTs (e.g. FredSlv1, FredSlv2, FredSlv3). Be careful – the NXTs of many other students may also get detected. 
	Make sure your slave NXTs have unique names so that you can see which are yours and which are other peoples’. Be careful to only connect to your own groups’ slaves otherwise you might disrupt other students’ work.
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Now select your first slave (e.g. the one named “FredSlv1”). Once you select this, the master NXT will ask you to designate an address for FredSlv1 (it will ask you to choose numbers 1, 2, or 3). Select address no. 1 for your first slave. The master NXT will now create a connection to the NXT called FredSlv1 and will assign this connection as address no. 1. Once the connection is established, t he master NXT will return  to the list of detected Bluetooth devices.

Now scroll through the list of detected devices again, until you find your second slave NXT (e.g. FredSlv2). Select this, connect to it and assign it address no. 2. Repeat these steps for your third slave NXT (e.g. FredSlv3) and assign it address no. 3.
[image: image3.wmf]At this point, your master NXT should now be connected by Bluetooth to three slave NXTs. The master can send messages to the slaves by mailing addresses 1, 2, and 3. The slaves can all send messages to the master by mailing address 0. You can easily check any NXT to see which other NXTs it is connected to, and which addresses they are assigned to. To do this, enter the Bluetooth menu and select the “Connections” icon. This will take you to a list of that NXTs connections. 
Part 2 – creating master and slave programs

	You do not need to write much new program code here – you can recycle most of your code from the previous lesson, but with a few important modifications and additions.


For now, we will keep things simple by just having a single sensor (temperature sensor) at each sensor node. In part 3 we will add your other sensors too.
Writing a program for the master NXT (gateway node):
This will use the same code that you wrote for the master in the previous lesson. However, you need to make the following changes:
· Copy and paste the code three times, to handle data coming in from three slave sensor nodes. Attach each of these three code sections to three separate “threads”.

· We will introduce the concept of “multi-threaded programming”. It may make your program clearer and simpler if you use a separate “thread” to handle data from separate sensor nodes (slave NXTs). All code on all three threads is executed simultaneously.
· Change the “Receive Message” blocks so that data from each slave gets delivered to a different mailbox in the master.

· Change the “Display” block settings so that each slave’s sensor data gets displayed in a separate location on the master’s screen (you don’t want all three numbers appearing in the same place and sitting on top of each other).

· Change the “File Access” blocks so that each sensor’s data gets written to another file. You could also try writing all sensors to the same file, but later you will have four different sensors coming in from each of three sensor nodes, so it may be simpler to have the data from each sensor node saved in a separate data-log file. Later you can combine this into e.g. a single excel spreadsheet file once you upload all the data logs to your PC.
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Writing a slave program for each of the sensor nodes:
Again, we will re-use the same code that you wrote for the slave NXT in the previous lesson but with a few important changes:

· Copy your old slave program file three times.

· Name each copy sensibly, e.g. “SensorNode1.rbt”, “SensorNode2.rbt” and “SensorNode3.rbt”. Each of these programs will run on one of the three slave NXTs.

· Open up the program for the first sensor node (which will run on the first slave NXT). Click on the “Send Message” block and make sure that the data messages are being mailed to the master address (address no. 0) and that they are being sent to mailbox no. 1.

· Open up the program for the second sensor node. Modify the “Send Message” block so that the data messages get sent to the master’s mailbox no. 2.

· Open up the program for the third sensor node. Modify the “Send Message” block so that the data messages get sent to the master’s mailbox no. 3.

Example program for the first sensor node (to run on the first slave NXT): 
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Example program for the second sensor node (to run on the second slave NXT): 
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Example program for the first sensor node (to run on the first slave NXT): 
Running the wireless sensor network:

· Turn on all four NXTs.

· Make sure they have sensible and distinctive names (e.g. FredMst, FredSlv1, FredSlv2, FredSlv3).

· Connect a temperature sensor into the correct sensor port on each of the three slave NXTs.

· Turn on all Bluetooth radios and connect the master NXT to all three slave NXTs.

· Connect each slave in turn to the PC and download its slave program (e.g. “SensorNode1.rbt”, “SensorNode2.rbt” and “SensorNode3.rbt”).

· Connect the master to the PC and download its master program (e.g. Master.rbt).

· First start the slave sensor node programs running on each of the three slave NXTs.

· Then start the master program running on the master NXT.
Testing the wireless sensor network:

· If possible, place your three sensor nodes (three slave NXTs) in different parts of the classroom where they might experience different temperatures, e.g. one by an open window, one by a radiator, etc. You could even put one in a cup of ice.
· Look at the screen of the master NXT. You should see three temperature readings from the three sensor nodes appearing and regularly updating. Do the temperature numbers look sensible? Can you monitor any differences in temperature in different parts of your classroom?
· After a short while, terminate the master program, and then terminate the slave programs.
· Connect the master to your PC and upload the three data-log files called “Node1data.txt”, “Node2data.txt”, “Node3data.txt” (or whatever you chose to call them).
· Open up the data-log files. Each should contain a single column of temperature numbers. Check that these look sensible.
· You might try repeating this experiment over a longer time period, while introducing some temperature changes in the room. E.g., turn on some fans for a few mins, open or close a window for a few mins, turn on an electric radiator for a few mins.
· Then upload the data-log files again, and try transferring the data from the three sensors into an Excel spreadsheet. Try drawing a graph to show how the three temperature readings varied with time during your experiment.
Part 3 – adding multiple sensors to each sensor node
Now that you have learned how to build a wireless sensor network, we will modify the master and slave programs so that each sensor node (each slave NXT) has four different sensors measuring temperature, salinity, turbidity and depth. Once again, there are many different ways you could write programs to do this, but the following examples show some simple code examples which should work well enough to get you started. Once again we will re-use your old code but make some important changes:

· Open up the program you wrote at the end of lesson 1 of this module (Lesson 1, part 2, exercise 3, on page 8 of the lesson 1 document).

· Modify this so that instead of logging sensor data to file, it transmits the data to a mailbox in the master NXT. This then becomes a slave program.

· Make three copies of this slave program, to run on each of the three slave NXTs. Modify each slave program so that it transmits its data to a different mailbox on the master NXT.
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The master program can remain completely unchanged from what you created in part 2 of this lesson.
Running the wireless sensor network:

· Turn on all four NXTs.

· Make sure they have sensible and distinctive names (e.g. FredMst, FredSlv1, FredSlv2, FredSlv3).

· Connect four different sensors to each NXT. Make sure the sensors are connected to the correct ports.
· Turn on all Bluetooth radios and connect the master NXT to all three slave NXTs.

· Connect each slave in turn to the PC and download its slave program (e.g. “SensorNode1.rbt”, “SensorNode2.rbt” and “SensorNode3.rbt”).

· Connect the master to the PC and download its master program (e.g. Master.rbt).

· First start the slave sensor node programs running on each of the three slave NXTs.

· Then start the master program running on the master NXT.
Testing the wireless sensor network:

· For testing you could set up three tubs or beakers of water, and deploy the sensors of one sensor node (one slave NXT) in the water of each tub. By adding hot or cold water, clay, or salt to each tub, you can change the environment that each sensor node is measuring.
· Look at the screen of the master NXT. It should display three rows of four numbers across the top, middle and bottom of the screen. Each row represents the four sensor readings from one of the sensor nodes: top, middle, bottom rows are node 1, node 2, and node 3 respectively. Check that these numbers look sensible, and check that they change in the right way when you change the environment near a sensor – e.g. adding salt, adding hot water, changing depth etc.
· After a short while, terminate the master program, and then terminate the slave programs.
· Connect the master to your PC and upload the three data-log files called “Node1data.txt”, “Node2data.txt”, “Node3data.txt” (or whatever you chose to call them).
· Open up the data-log files. Each should contain four columns of sensor readings (depth, salinity, turbidity and temperature). Check that these look sensible. Make sure you are confident about which column represents which sensor – check your code.
Deploying your wireless sensor network:

· Try exploiting the full range of the Bluetooth radios. The NXT Bluetooth radios have an effective range of up to a maximum of 100 meters. This varies with conditions (whether or not there is unobstructed line of site between receiver and transmitter, or the density of walls and other obstacles between them – Bluetooth seems to pass through office interior walls quite well though!) but you should be able to communicate over several tens of meters.
· Instead of connecting the master NXT directly to your PC with a cable, you can also have it connect to your PC wirelessly via Bluetooth – see the add-on set of instructions for doing this that accompanies this module. This will then give you extra range for deploying your sensors – the slave sensor nodes can talk wirelessly to the master, which in turn can talk wirelessly to your PC. So in theory you could have a sensor node as much as 200 meters away from your PC with this technology.

· Discuss with your teacher some ways in which you could deploy your sensor network over a wide area around your school. See if you can monitor different environmental conditions in different areas (e.g. temperature in sunny spots and shaded spots).

· Once you have recorded some interesting data, transfer the three data-log files into an Excel spreadsheet. Try creating graphs and charts to compare how the various environmental quantities vary with time in the three different locations.
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Inside FredSlv2’s connections list:


We see that FredSlv2 is connected to just one NXT. We can also see that the this NXT is called FredMst, and is assigned to address no. 0.





Inside the master’s connections list:


We see thatFredMst is connected to three slaves. We can also see that FredSlv2 is assigned to address no. 2.





The “Connections” icon inside each NXTs Bluetooth menu.





FredMst is now connected to a slave NXT at address no. 1. Addresses 2 and 3 are still empty.





Select your first slave NXT





Survey area





Gateway node


(master NXT)





Sensor node


(slave NXT + sensors)





Assign it to address no. 1
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Thread 2





Thread 3





Note: all three threads run simultaneously in parallel





Thread 1 code blocks:





One possible multi-threaded master program looks like this:








Thread 2 code blocks:





Thread 3 code blocks:





Each thread does:


   Receive number from sensor node


   Display number on screen


   Write number to data-log file


   Wait for 1 second


   Repeat





Slave 1 (sensor node 1) will send its data to the master’s mailbox no. 1





Display this data in top left corner of screen (1st line)





Log data from sensor node 1 in a file called “Node1data”





Log data from sensor node 2 in a file called “Node2data”





Log data from sensor node 3 in a file called “Node3data”





Display this data half way down screen (4th line)





Display this data at bottom of screen (7th line)





Sensor node 3 will send its data to the master’s mailbox no. 3





Sensor node 2 will send its data to the master’s mailbox no. 2





1





The data will be sent to mailbox no. 1 at the master NXT.





“0” is the Bluetooth address of the master NXT





2





The data will be sent to mailbox no. 2 at the master NXT.





“0” is the Bluetooth address of the master NXT
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“0” is the Bluetooth address of the master NXT





The data will be sent to mailbox no. 3 at the master NXT.
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Add turbidity text to temp text 





Take a turbidity reading and convert it to text





Take a temp reading and convert it to text





Add salinity/depth text to turbidity/temp text





Add salinity text


to depth text





Take a salinity reading and convert it to text





Take a depth reading and convert it to text





Send combined text to master mailbox





Wait for one second before repeating





“0” is Bluetooth address of the master NXT.





Change this number for each slave NXT!!!





In the program for slave 1, choose mailbox 1.





In the program for slave 2, choose mailbox 2.





In the program for slave 3, choose mailbox 3.








Un-check the “clear” boxes, for ALL threads – otherwise each will delete the others’ numbers from the screen. 
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