Equalization: Why Modems with Adaptive Equalizers Aren’t Enough
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Proper equalization of a signal is very important to the quality of the signal and to the impact on revenue both directly and indirectly.  Delivering a truly equalized signal gives the receiver the best quality data, which leads to greater system performance and customer satisfaction.  In addition, proper equalization gives the opportunity to communications providers to boost their revenue by increasing the amount of data that can be transmitted at one time through the channel.  

There are different options available to perform equalization measurement, however, the BMLA+ offers the most comprehensive and cost effective method.  This white paper discusses in depth why equalization is important and why using a modem with an adaptive equalizer isn’t the solution.  

Why Do We Need to Equalize?

Proper equalization makes it so a signal that is transmitted from point A arrives at point B with the same shape and frequency spectrum. This is critical because data bits sent over a channel are designed to be band-limited and assumes the same band-limited signal transmitted arrives at the receiver. The data bit waveform is composed of many different frequency components. Each of these components is critical in the originating signal in terms of its amplitude, delay and noise components. Proper equalization makes sure the best set of these three parameters is being presented to the receiver for final data demodulation.

A simple example of a square wave shows how critical amplitude and group delay are to a complex waveform.  Figure 1 shows a square wave broken down to its first 9 harmonics.  The original frequency of the square wave is F (F=100 in this example).  The complete waveform form from Fourier analysis shows that the square wave waveform is composed of an infinite set of harmonics each at frequencies F, 3xF, 5xF, …, nxF, where n is an odd number. The amplitude of each harmonic is 1.0, 1/3, 1/5, ..., 1/n, respectively.

If we look at this waveform’s first 9 harmonics and add them in the proper phase relation, we arrive at the band-limited square wave waveform shown in Figure 1.  Clearly this waveform is very close to the original square waveform at frequency F.  Thus, a square wave transmitted over a channel with proper equalization (proper meaning the Amplitude and Group Delay characteristics are flat in the passband) will still be a square wave at the receiving end of the channel.
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Figure 1: Equalized and Unequalized Band Limited Square Wave with an Amplitude Error 
Figure 1 also shows this same waveform if the amplitude of F is incorrect by 3 dB.  Here the waveform does not appear as a square wave at the receiving end of the channel when the amplitude equalization is incorrect. 

Figure 2 shows the same square wave when the channel has improper Group Delay equalization. In this example, 3xF and 5xF are each delayed by 180 degrees. An extreme case but it clearly shows the waveform has been grossly distorted.
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Figure 2: Equalized and Unequalized Band Limited Square Wave with an Amplitude Error 
Why not Just use Adaptive Equalization on the Receiver?
From Fourier analysis we know that if we have the correct Amplitude and Phase response of a signal it will be perfectly characterized and can be perfectly recreated.  This is true in a system with no noise present.  If we were to assume the same Amplitude and Delay corruptions of the signal F above and that these corruptions occurred at the transmitter, then equalization at the receive side will allow the original square waveform to be recreated with one problem.  The noise at F will have been increased by 3dB.  This occurs because the link noise is added in after the signal was corrupted.  Thus, to recreate the frequency spectrum a re-boost at the frequency component of F is done, which also increases the noise at that frequency accordingly. 

Equalizing at the incorrect point will improve the signal spectrum but will not improve the Signal to Noise ratio; in fact, it will hurt the Signal-to-Noise ratio.

The only way to properly optimize link/system performance is to make sure the link/system is properly equalized at all points in the signal path.  If a user attempts to improve equalization at the receive side or transmit side only the resulting Signal-To-Noise ratio of the demodulated signal will be lower than the same link/system would have if it were properly equalized at all points in the link/system.

Another way to look at this is to imagine a link with a cable disconnected from the transmitter.  If equalization alone could correct system/link performance then the solution to correct this problem (assuming you are not allowed to reconnect the cable) is to increase the system gain until you compensate for the losses between the cable connector and the transmitter connector.  After all, disconnecting the cable is only putting an attenuator (improper Amplitude Equalization) on the signal.  If equalization at any point in the path were acceptable, we could just increase the signal gain at the receiver by an amount corresponding to the losses associated with the cable being disconnected, however, we would quickly see the resulting receiver signal would just be noise.  The transmitted signal has been reduced to a level below the thermal noise floor and cannot be recovered by equalization (a big gain increase).  This is the same case with an improperly equalized signal on the transmit side only.  The losses are not as severe as those associated with a cable being disconnected.  Since most communication systems try to use the least amount of transmitted power to get the signal to the receiver, it only makes sense that even small amplitude equalizations in the wrong place can make SNR suffer.  This is the same issue that occurs with audio signals, if the gain is increased at select frequencies to compensate for equalization problems from the transmitter, the resulting receive signal (the signal at your ears) has a poor SNR, you hear what is called hiss (if it’s the high frequencies being overly compensated) or Hum (if it’s the low frequencies being overly compensated).


Modems with adaptive equalizers are performing equalization at one point only.  As stated through the examples above, this does not provide for proper equalization.  The results are waveform distortion and/or poor Signal to Noise Ratio.  An increase in the noise floor due to poor SNR, effectively creates a smaller bandwidth due to loss of signals in the noise floor.

What are the Alternatives to Modem Equalization?

There are other products on the market that perform link/system analysis.  Typically, these are expensive solutions and require operators to remove the revenue carrying traffic from the link/system every time equalization is performed.  However there is a unique product, the BMLA+, which offers link analysis which allows equalization without impacting revenue-carrying traffic and is available at a much lower cost.  

Hollis Electronics’ BMLA+ has several advantages over other equalization measurement methods and products.  The BMLA+ transmits and receives an unobtrusive, fixed signal within the data channel.  BMLA+ operators can properly equalize the system by correcting the amplitude and group delay characteristics for this signal.  Not only does this provide proper equalization because the equalization is done at all points in the signal path, but it also does not require system down time.  Another important feature of the BMLA+ is that it can measure any IF or RF link including satellite transponders, even satellite transponders with large cross-pole interference signals without any effects on the BMLA+ Group Delay and Amplitude measurements.  This is especially important when starting up a new satellite where cross-pole issues have not yet been resolved.  

Final Conclusions

The final conclusion from all of this is that any signal that is transmitted to a receiver in a link or system with noise in it must have the equalization corrected at the same point(s) where the equalization was corrupted.  Some of these corruptions can be avoided all together by making system specifications such that proper equalization is maintained.  This, however, is not the complete solution.  Too many different components from different vendors are used in various combinations to complete a link/system.  These components all have VSWR’s, which are not perfect and thus will have Amplitude and Group Delay responses.  Each system will even vary if identical vendor products were used.  Thus, the BMLA+ measurement is the best solution because it allows an operator to equalize at every point in the signal path.

Why not just make the products meet specifications, which are strict enough to work under all conditions?  This just cannot be done cost effectively.  It is easier and cheaper to perform equalization.  Further, equalization changes as components and systems age, which means it needs to be checked and corrected periodically.  The BMLA+ allows a user to check and periodically re-equalize his link/system without the necessity to stop the transmission of the revenue signal. 

~ ~ ~ ~ ~ ~ ~

Properly Equalized Signals Increase Quality and Revenue

