Smart Lighting 

Lab Module 8: Signaling Using Light: Digital Data Transmission

Objective: This lab is about modulating light in order to transmit information. Here we focus on digital techniques. 
Background reading

1. Heliograph: http://en.wikipedia.org/wiki/Heliograph
2. Flag Semaphore: http://en.wikipedia.org/wiki/Flag_semaphore
3. Code: http://en.wikipedia.org/wiki/Code
4. On-Off Keying: http://en.wikipedia.org/wiki/On-off_keying
5. Morse Code: http://en.wikipedia.org/wiki/Morse_code
6. Modulation: http://en.wikipedia.org/wiki/Modulation
7. Manchester Code: http://en.wikipedia.org/wiki/Manchester_code
8. Pulse Position Modulation: http://en.wikipedia.org/wiki/Pulse-position_modulation
9. Exclusive Or: http://en.wikipedia.org/wiki/Exclusive_or 

10. ASCII Table: http://en.wikipedia.org/wiki/ASCII
Overview
1. What is coding?

2. Coding types for light

3. ASCII to Hex to Bin

4. Sync bits and framing

In the lab we will establish communication using the following techniques

· Introduced carrier 

· Square wave

· Biased square wave – LED always ‘on’

· OOK

· Data added to signal

· Manchester encoding – data on carrier made regular

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

b. Separate the boards by 1m

c. Using the Arbitrary Waveform Generator, produce square wave at 1KHz and full range signal. 

d. Setup the second Rhett Board using a photodiode circuit as shown in the schematic of Module 4. 

e. Connect the photodiode circuit to the SE1 and AGND pins and enable the oscilloscope on channel 1

2. OOK Investigation

a. You are now modulating using a 1KHz carrier. Under OOK, the data stream is a series of 1s and 0s

b. Explore the limits of OOK to transmit this pattern (range, angles, intensities)

c. Identify the DC offset for the highest peak-to-peak voltage at the sender (LED side)

3. OOK with 0101 sequence (balanced) We have created an arbitrary waveform representing a bit stream of 1 and 0. This is called OOK1.csv. 

a. Load this using the AWG and use this to modulate the signal. 

b. Compare the results to the previous exercise

4. OOK with 110110 sequence (unbalanced)

a. Load the OOK2.csv file. This file has a repeating 110 bit pattern

b. Can you sync on this signal at the other end? 

c. What is the problem with this kind of OOK modulation and the use of light?

5. Manchester Encoding – using XOR chip and the red LED

a. Setup the XOR circuit on the breadboard (see illustration)

b. Use AWG1 as the clock (2 kHz square wave at 4V peak-to-peak) and AWG2 as the data channel (1 kHz square wave at 4V peak-to-peak). Use 2V offset.

c. Explore the output of this circuit
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6. Send a data file

a. Load the file OOK2.csv into the AWG. This file has two channels – clock and data in 110 pattern. The clock is twice the data rate.

b. Send the clock to AWG1, data to AWG2

c. Display the outputs on the oscilloscope to verify

d. What is wrong with the waveform? This is the XOR (Manchester-encoded data).

e. Can you detect the data at the receiver?

7. Optional Manchester Encoding (logical)

a. Manchester encoding (and decoding) consists of an exclusive-OR (XOR) of the data stream with a clock operating at twice the source data bit rate. This means that in this simplest form, the data rate is reduced. The benefit is that the data become ‘self clocking’ and are balanced between logic states. 

b. Using the Encoding.xls file, explore the translations of a bitstream from ASCII data to binary and to Manchester code.

c. What is the bit pattern for the text ‘LED’ in ASCII translated to Manchester code?

8. Optional Design Problems

a. The Manchester encoding scheme provided is primitive. Can you think for ways to improve this circuit?

b. What are the factors that limit high data rates? 

c. What are your conclusions about how you might design a system to modulate for highest data rates?

Discussion and Wrap up:

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

· Update your log books.
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