Smart Lighting 

Lab Module 5: Data Communication 

Objective: This lab is about interconnecting the LED with the photodiode to form a data communication channel using light.

Background reading

1. Heliograph: http://en.wikipedia.org/wiki/Heliograph
2. Flag Semaphore: http://en.wikipedia.org/wiki/Flag_semaphore
3. Optical Communications: http://en.wikipedia.org/wiki/Optical_communication
4. Free Space Optical Communications: http://en.wikipedia.org/wiki/Free_space_optical_communication
Overview
1. Light, spectrum, wavelength, luminosity

2. Units of light

3. Wavelengths of light

4. Power, power measurement, gain

Rhett Board and Mobile Studio Setup:
1. Find two adjacent computers in the lab. Log into a machine next to your teammate(s). 
2. Setup your Rhett boards as in Module 1

Team Exercises

1. Setup 

a. Setup one Rhett Board using a photodiode circuit as per the previous module

b. Connect the breadboard to the Rhett Board (not plugged in yet)

c. Connect the photodiode circuit to the SE1 and AGND pins and 

d. Plug the Rhett Board into the USB port

e. Enable the oscilloscope on channel 1

f. The board should look like this when complete:
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1. Data Modulation

a. Setup your LED on one Rhett Board using the AWG1 and AGND pins

b. Using the Arbitrary Waveform Generator, produce a sine wave as an optical output.

c. Tune the DC offset and peak-to-peak values for driving the LED by exploring the  voltage on the LED and the signal received by the Photodetector

d. Point the LED at the photodiode at approx. 1m (the LED and photodiodes should be set up each on their own board). You should be able to see the optical waveform on the oscilloscope. 

e. Observe the output via the spectrum analyzer.  You should see a peak at the square wave frequencies and the harmonics.  Set the spectrum averaging to 16 to see better peaks. 

2. What are appropriate voltage levels to drive the LED with the sine wave?

a. Peak to peak?

b. DC offset?

c. Why – experiment – find values that 

i. Cycle the LED on and off

ii. Keep the LED on at different intensities but always on

d. Note: explore the controls in the AWG for scaling the signal, DC offset

e. Record your values in the spreadsheet for this module

3. Add a sine wave at 10KHz

a. Repeat step 2. Are the results the same?

b. For 20Khz?

c. Using the tools determine the limit to what signal frequencies can be transmitted. 

d. Record the received signal peak-to-peak for frequencies between 0Hz and the limit of the board (150KHz). 

e. Record these in the spreadsheet for the module

4. What is the relationship between received signal strength and distance between the LED and the receiver?

a. Record the received signal peak-to-peak for distances of 10cm to 3m

b. Record these in the spreadsheet for the module

5. Connect an earphone headset to the source board (the one with the LED). 

a. Use the device control to enable the audio output

b. Compare the source board audio with the destination (received) audio. 

c. How do they compare qualitatively?

d. Can the signal be improved with different settings? Frequencies? What does the spectrum analyzer say? 

e. How does the signal compare with distance between the LED and photodiode? With angle deviations?

6. Summarize the performance of your communication channel

a. What characterizes the limits of your system for sending analog signals?

Discussion and Wrap up:

· Be prepared to discuss your group’s results with the class. 

· Update your log books.

Reference Diagrams

1. Intensity with distance
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2. Intensity with departure distance from center
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Reference Diagrams

3. Intensity with distance
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4. Intensity with departure distance from center
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5. Intensity with departure angle from center
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