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The QDS amplifiers, the 4-channel Excalibur II and the 8-channel Quantum, definitely don't follow the recent trend of sleek design and smaller size. Every design and function decision has been made based on increasing speed and decreasing noise. The Excalibur looks like a Humvee at a rally of sports cars—about the size of two old BrainMasters stacked together.   Its gray plastic case is utilitarian as a concrete block. The front has 9 plugs for EEG electrodes, clearly marked for Channels 1-4 with active and reference for each and a ground plug in the middle.   The back has a power switch and LED, a plug for the battery pack and an LED to tell you when the battery is getting low. It is surprisingly light for its size, about the weight of a Pendant. 

The rechargeable battery pack has all the weight. It's about 3 by 5 by 1.5 inches, and it can power the unit for 10-20 hours of training. It does NOT come with a charger.   You have to buy one (specifications included) based on your own electrical system. And you want to watch to make sure you don't overcharge it.

These amps still connect to your computer through the serial port, which is on the back of the box. You'll probably need a USB/serial port adaptor like a Keyspan.   

My Excalibur arrived with sets of jumpers standard, which allow me to use linked or common references for 2 or all 4 channels. It also came with a wire set called a spider, which fills the channels you are not using when you use the 4-channel amp for 1 or 2 or 3-channel training to keep noise from entering.

The amp comes with a CD containing Power Point files, 5 .pdf manuals and a set of 5 4-channel BioExplorer designsThe designs are utilitarian—no fancy game screens here—just files to train alpha synchrony and coherence, theta/beta ratios and high beta in 4 channels. There is, however, a neat "cello concert" sound feedback for the synchrony training.

If you buy your amps to look good on the shelf, stay away from this machine.  If you want to fit all your equipment into a little laptop bag and carry it around, this probably isn't the box for you. 

But if you consider an Excalibur, it's because you've heard the stories about well-known, experienced trainers who have tried most of the hardware and software options out there and are always pushing the limits of the technology.   And you know that a bunch of them are tooling around in this boxy amp, even though they may have much cooler looking ones on their shelves. 

So what's so special about this amplifier, hand-assembled by an Argentine psychiatrist from highest-quality parts from around the world, individually tested for a solid week, tuned in a special chamber that is kept at a specific temperature using tools that are so much more sensitive than those commercially available that he had to develop them himself?   What is he doing that led 2 engineers on the lists—people whose knowledge and opinions I respect greatly—having read my initial descriptions of the Excalibur, to write and tell me that it could not be done? 

In EEG we are measuring and training tiny brain signals (millionths of a volt)—and doing so in very "noisy" electromagnetic environments, so one of the key measures of an amplifier is its signal-to-noise ratio. Try to have even a loud conversation in a crowded train station, and you can barely hear the words because of background noise. Have the same conversation in a canoe on a mountain lake, and you can hear every sigh, every inflection of voice, no matter how softly spoken.   The signal (voice) to noise ratio is very high on the lake, very low in the station.

Noise is a fact of life in electronics. It is created in wires and circuits as a function of their use. Even the best manufacturing processes result in a level of noise from the amplifier itself of at least ½ microvolt. The more lanes (bits) an amplifier uses to carry information, the noisier it becomes. Most manufacturers deal with this—and make their users happier—by using a large "input impedance" to screen out noise on the front end.   Users can skip skin preparation, not work too hard on the quality of connection between scalp and electrode, and not worry about getting a signal that looks just fine.   The connection may be noisy, the amplifier may be noisy, but it's all screened out at the input stage, so what comes through looks quiet.  

If there is electromagnetic environmental noise—large 50 or 60 Hz signals from the electrical system—many manufacturers offer "notch" filters specifically to remove them, again making things appear quieter than they really are. Rocatti, among others, argues that this is purely a cosmetic fix, like putting lots of makeup on a very old face. What's worse, from their point of view, is that all that filtering doesn't just remove noise—it affects the EEG signal as well, removing the sighs and whispers in the feedback from which the brain is learning. 

The QDS does three things to change the equation and to allow the subtleties of the EEG to enter the training software. 

1. Each unit is individually "tuned" (by hand, hence the big box) to produce a signal in BioExplorer that shows zero nanovolts (that's billionths of a volt, not millionths) of noise. And you get a session file via e-mail from Rocatti before your instrument is shipped of a recording from it, which shows exactly that: a flat line on the nanovolt scale.   It's easy to create your own closed-circuit electrode set and look at what you get from other amplifiers.  Cut off the last few inches of the plug end of some old electrodes and wire the ends together.   Plug one into each input on your amp. Theoretically you should see a flat line.  You won't.  Then plug the same setup into an Excalibur or Access and run the software again.   Dead flat.

2.  Without a need to cover noise from the amplifier, Rocatti refuses to coddle the trainer. The input impedance is MUCH lower than anything else on the market. So if you use old or scratched electrodes, don't prep your sites, don't get that really good connection to the scalp, you won't be training with this machine.   ALL the noise comes barreling through like a freight train.  I've been told that this is proof that the QDS amps are inferior to others in the market, but Rocatti wants you to know what is actually coming out of the amplifier—rather than a cosmetic version. 

First you'll probably be shocked. When I ran my first session on my Excalibur, the filtered signal in BioExplorer looked pretty sweet: I proudly sent it off to Dr. Rocatti to show him how good my skills still were. 

He sent it back without the filtering that would usually make your training signal look nice, and I saw how noisy my signals actually were.
In my early years as a trainer, I worked with an A620. If we didn't have very high-quality hookups, the signal was obviously deficient and we didn't train. If we forgot to turn off the fluorescent lights before starting a session, we saw it on the oscilloscope and power spectrum immediately. For years I wondered how it was that suddenly none of that stuff mattered any more. The answer is input impedance.   The river of data may be very dirty, but it's got a very fine net running across it to keep out the garbage. The problem is that it also keeps out the fish, the living organisms, etc.   The signal looks clean, but it's dead. And the water may be completely polluted by noise—like the signals in my first try.

It takes a little work, but there is something very gratifying about knowing that you are getting a truly excellent signal. This also may involve doing some work around your training area to eliminate sources of electromagnetic noise. What's really cool here is that Rocatti gets personally involved with you in this process—as committed to finding the problem as he would be if it were in his own office. There is a free QDS users list to provide technical support as well. 

3.  QDS uses a proprietary system for filtering signal noise without affecting the EEG events. Rocatti isn't talking about how this is done or what the specs are in some areas he considers crucial to his design. And don't plan on opening your QDS amp, because parts of the hardware will literally self-destruct if you do. The guy is serious about training clean signals—and about keeping how he does it a secret. 

So is that why some well-respected trainers leave their more expensive, prettier, more convenient amps in the cupboard and work with a QDS?   That's part of it.  The other part is processing speed. The amp processes 16 bits of data at a time—like a 16-lane highway.  That's 30-40% more pieces of data passing each second than comparably priced amps. It also processes at a baud rate (the speed at which the data travels on that highway) of 57Kb—about 50% higher than the Pendant, which has been the fastest amplifier in BioExplorer. With a sampling rate of 256/second, the software is getting a LOT of that very clean data very fast. 

I'm not going to repeat the stories of clients noticing a difference in training when they started working with a QDS amp (or didn't work with one for a session).   There are enough of them that I don't discount them.  I don't expect that in my trainings, but if it happens, I'll be pretty impressed. 

Unlike some other systems, which have recently tried to move away from BioExplorer software, the QDS amps embrace it wholeheartedly.   They are literally designed around the way the software works and optimized to work in it..

There are a number of add-ons that work with the QDS that are worth mentioning. A very powerful and flexible system for running audiovisual stimulation (AVS) is available from QDS. There is a system for training with electric trains, where two or more clients can race the trains with their brains. There is an excellent saline electrode system, very flexible and inexpensive, which is purported to provide excellent clean signals using high-quality gold-plated, silver or tin electrodes. And there is the QDS NFK assessment system. Most of these (except the electrodes) won't work with other amplifiers. 

As compared to the 2-channel Focus, the 4-channel Excalibur II and 8-channel Quantum have some additional circuitry to make them especially accurate in training multi-site synchrony or coherence.   And all 4 channels work in BioExplorer right now.  Both  are both priced on the low end of their markets, which is even more remarkable considering all the hand labor that goes into their production.   Neither will offer HEG or peripheral training options; they are strictly EEG machines.

So the bottom line on QDS for me is that it is capable of providing a remarkable clean, fast and complete signal to train. For more serious lay trainers—and certainly for professionals looking for a workhorse office machine—they represent a chance to work with a true top-of-the-line signal processor at prices that are extremely competitive. 

