OFDM

OFDM stands for Orthogonal Frequency Division Multiplexing.  It is really not a type of modulation, but a way of bundling a bunch of modulated signals together.   Consequently, there always needs to be some standard type of modulation involved in addition to OFDM.   

OFDM is used by DSL, 802.11a, 802.11g and the European HDTV standard.  It is especially well suited to data channels that require lots of bits per second.  It also can be set up to handle multipath problems rather well.  

To understand OFDM one should understand FDM first.  And what is FDM?  It is little more than the method that channels have been allocated for nearly 100 years; the simple method by which channel A is allocated spectral space between frequencies X and Y, and channel B is allocated spectral space between frequencies Y and Z.  Nothing new there.  In OFDM, there is not a strict segregation of frequencies allocated to the signals, they are allowed to overlap in frequencies, but through control of how the modulation works, they orthogonal.








With OFDM, the spectral space of the signals overlap to some extent.  In order to make this work, everything must be tightly controlled, which means that all of the signals playing this game must come from the same source (e.g. transmitting antenna).  And since all of these signals are coming from the same source, why not cluster them together into some sort of "superchannel", where each individual signal carries one stream of data.   Many individual streams of data working together can equal a very large data rate.  

A useful aspect of OFDM is that it distributes its energy well over its allocated bandwidth.  Suppose that a signal was being modulated by ASK, PSK, or FSK.  The spectrum of the signal would probably look something like this.





An OFDM spectrum might look something like the following.





The obvious question is: who is getting more out of the bandwidth allocated?

Before OFDM is considered in more detail, recall what the definition of orthogonality is.  If over a given time period, the correlation of two signals is zero, then they are orthogonal.  In this case, the given time period will be one bit time. 

So how does OFDM work?  It works by making all of the individual signals orthogonal to each other.  And how does it do that?  By setting them up so that over a given time interval (i.e. one bit time), the individual signals correlate perfectly with their own "key" and do not correlate at all with the other signal's "keys".  Are these "keys" some fancy code?  No they are not.  They are just sine waves whose frequencies are integral multiples of each other. 

Suppose that we had a 1KHz sine wave.  It has a period of 1ms.  If we correlate it over one period with an in phase copy of itself, we will get a strong positive correlation.

Consider a 2KHz sine wave correlated with a 1KHz sine wave over the same 1ms.  They both "start" at the same time.  If you do the multiplication of the correlation, you get a 1KHz sine wave and a 3KHz sine wave.  If they are integrated over the 1ms period, the result is 0.  So over the 1ms period, they are orthogonal.  

If each of the individual signals of an OFDM system are based on sine waves that are integral multiples of each other, then we can guarantee this orthogonality property between them.  One might ask as to what the big issue is here, sine waves of integral multiples in terms of frequency with respect to each other will not invade each others spectral space; after all, they are just sine waves.  Well, they are just sine waves; that is, until modulation is applied to them.  In the case of the assignment, the modulation is just a phase modulation with the signal varying from 0 to 180 degrees.  When there is a transition from one state to the other, sidebands are generated.  These sidebands will invade the spectral space of the other signals.  This is a given.  However, it does not matter, as over the course of an entire bit time, they are orthogonal.
10MHz                      20MHz                     30MHz                    40MHz                 50 MHz      





A Hypothetical Channel Allocation Using FDM (Individual Channels)
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A Hypothetical Channel Allocation Using OFDM (One Big Amalgamated Channel)
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