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Introduction


Rick Campbell, KK7B, first described his receiver invention in the March 1999 issue of QST.  It replaces the typical narrow filters and DSP software of modern rigs with a wide-open binaural I-Q demodulator.   Why did he do it?


Well, an I-Q demodulator produces two signals, I and Q, that always differ in phase by 90°.  When you apply those two signals separately to your two ears, a spatial-separation effect is produced.  The ear-brain combination detects the phase (time) delay and signals appear to come from different points in space.  That is useful because it helps one discern multiple signals more clearly.  The thing now appears in the ARRL Handbook as a weekend project (Chapter 17).


I listened to a replica of Rick’s design.  I got to thinking about the basis for such stereo effects and I decided to see if I could make it more dramatic.  The results of my studies follow.

Spatial Perception in Human Hearing


Human beings and many other animals have two ears for good reason: They enable us to determine the direction of arrival of sounds.  That ability has proven essential for our survival over the eons, since it allows us to detect the presence and position of enemies and prey alike.  While human hearing is apparently not as good as that of canines, for example, it has remarkably good dynamic range and frequency response.  What is it about two ears and a brain that makes directional selectivity possible?


The first thing to consider is loudness.  If a sound is much louder in one ear than in the other, we determine that sound is coming from the direction of the ear in which it sounds the loudest.  The ear-brain combination seems to have an uncanny ability to discern subtle combinations of loudness in each ear to determine direction.


Secondly, the ear-brain combination is able to discern the delay between appearance of a sound in one ear to its appearance in the other.  Sound travels at a speed of roughly 1000 ft/s at sea level.  If your head is about ½ ft wide (some are wider than others), it takes only 500 μs for a sound to travel from one ear to the other.  Again, it is remarkable that human beings can detect such a short time interval.  In many cases, even shorter intervals than that may be detected.


Those two effects form the basis of stereo.  Two suitable microphones, placed at what would be the positions of one’s ears, may record two audio channels that represent what one would hear were one standing in that place.  Were you standing on a stage in front of a symphony orchestra as the conductor, you would hear the double-bass violins and cellos coming from your right, the flutes and trumpets coming from your center and the concertmaster and first violins from your left.  You would be able to tell that the first violins were closer to you than the trumpets, although the players are supposed to adjust their tempi slightly so that the audience cannot tell.


Such a situation does not discriminate among the various frequencies coming from the instruments.  Were we to fit you with DSP filters that placed the high frequencies in your left ear and the low frequencies in your right ear, you would have a very different spatial image of the orchestra.  A Bach trumpet concerto, for example, might include many trumpet notes in the upper register and therefore the trumpet would appear mainly in your left ear instead of at the center.

Panoramic Stereo


Ten-Tec’s panoramic stereo feature uses such a DSP system.  High-pass and low-pass filtering, combined with time delays, produce a three-dimensional effect from a monaural audio source.  The addition of spatial dispersion makes it easier to pick out one signal among many.  Advantages of 3 dB or more have been claimed.


Refer to Fig 1.  The monaural audio passes through both a high-pass filter and a low-pass filter to create two frequency bands.  Each of the two signals is delayed by about 500 μs, attenuated slightly and added to the signal from the other channel.  High audio frequencies appear most prominently in your left ear, but they also appear in your right ear delayed and attenuated.  Low audio frequencies go on an opposite path.


The net effect is that high frequencies appear to come from the left and low frequencies from the right.  By adjusting the sharpness of the filters and the delay, the panoramic effect may be made quite striking.

Conclusion


You may try panoramic stereo for yourself by downloading sample .WAV files from the Ten-Tec Web site.  Point your browser to www.tentec.com/panoramic.htm.  Panoramic stereo is designed for use with headphones, but you can still appreciate the effect with loudspeakers.

