BINARY DIRECT SEQUENCE SPREAD SPECTRUM

Visualization for EE511 Fall 2003 by Hassebrook, updated 9-14-06
We will develop a binary Direct Sequence Spread Spectrum (DSSS) encoder and decoder.

1. ENCODER

For binary transmission we typically use two DSSS signature functions.  In this way we can detect 3 states, a "1" is present, a "0" is present, and no signal is present.  The two signals can be randomly generated or in this case, generated by the students.  Each signal will be N long. The two signals will be sA2[n] and sB2[n] for n = 1, 2, ..., N. In vector form they will be written as N x 1 column vectors sA2 and sB2, respectively. We will let sA2 represent a "1" and sB2 represent a "0".

Step 1. The vectors will probably have "dc" components and since this does not contribute to discriminating them, we will remove it by subtracting out the mean value.  Let
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Step 2. The vectors, sA1 and sB1 will probably have different signal energy. If one signature has more energy than the other then it will tend to dominate the detection process in noisy environments thereby corrupting the correct detection process.  To avoid this we normalize each vector to have unity energy such that
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The above normalization satisfies 1 = sTs.
Example:
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Step 3. Generate a random binary sequence Nb long. One way to do this is to use rand() (use 'seed' argument if you want to repeat the sequence) followed by binarize.m (download from lgh web site). Refer to this sequence as b[n] or as a vector as b.

Example: Nb=8 and b=[10110110]

Step 4. Encode the "1s" by using a kronecker product as bA = kron(b,sA) in MATLAB. Make sure that b and sA are either both row vectors or both column vectors, else bA will become a matrix instead of a vector.

Example:
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Step 5. Encode the "0s" by using a kronecker product as bB = kron((-1*b+1),sB) in MATLAB. Make sure that b and sB are either both row vectors or both column vectors, else bB will become a matrix instead of a vector.

Example:
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Step 5. Combine "1s" and "0s" together by adding them as bAB = bA + bB .

Example:
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2. DECODER

Now that the information in encoded, the signal can be transmitted through a medium and received at a destination point. In order to decode the information, the receiver needs to have access to the original signature sequences. A binary decoder has two legs, one leg for detecting a "1" and the other leg for detecting a "0". We will use correlation to perform the two legs of the detector.  In order to correlate using an fft, we need the detection filter or correlation filter to be the same length as the received signal. So we zero pad the signature sequences to be the same length and then correlate them individually with the received signal.

Step 1: Zero pad the signature sequences to form the correlation filters such that
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where the total length of hA is N Nb
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Example:

Step 2: Correlate the correlation filters with the received signal to obtain the two responses. In MATLAB one leg of the response is yA = real( ifft( fft(bAB).*conj(fft(hA))) ).  Make sure that bAB and hA are either both row vectors or both column vectors. You can use the size() function to check this and a transpose will correct any difference.

Example: Note where response goes to unity, there is a detection.
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Step 3: Subtract yB from yA and plot.  Because the signature lengths are only 11, there is a lot of noise.  To decrease these, the signatures should be chosen to be more orthogonal and/or made longer. Also, before subtracting, lower values can be thresholded away. This is as far as we will take the process.

Example: Noisy plot where "1s" and "0s" cannot be discriminated.

Example: Pre-threshold the leg responses. In MATLAB let yAthresh=ceil(yA/2-.3); and yBthresh=ceil(yB/2-.3); Then yAthresh - yBthresh is shown in figure below as

[image: image13.png]0.8

0.6

0.4

0.2

10 20

30

40

50

60

70

80

90




3. REPEAT USING RANDN VALUES
3.a Repeat using randn() to generate the A anb B signals. 

3.b Repeat using randn() to generate the A and B signals but make each signal 64 samples long.

3.c Comment on 3.a and 3.b performance (1 sentence).

� EMBED Equation.3  ���
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