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The desirable properties that follow from the use of (nonsubtractive) triangular probability 
density function (TPDF) random dither in digital audio quantization and noise shaping are now 
well known in the audio community.  The purposes of this paper are twofold: 
(a) To use a visual analogy to aid audio engineers in their understanding of how proper TPDF 
dithering and noise shaping can convert otherwise objectionable, correlated quantization 
errors into benign, uncorrelated and less visible ones.  As they say, "a picture is worth a 
thousand words", and (b) To demonstrate, in the process, that the very same concepts, 
applied now in the spatial instead of the temporal domain, are just as useful and beneficial in 
the field of digital image processing. 
    We present color and monochrome images of the results of coarse quantization, both with 
and without dither and/or noise shaping, to help us make our points. We shall also play audio 
examples at the same time as we show each picture, so that one can simultaneously both see 
and hear each effect being discussed. 
 
   Stanley Lipshitz is professor emeritus in both the departments of Applied Mathematics and 
Physics at the University of Waterloo in Waterloo, Ontario, Canada. He is one of the founding 
members of the Audio Research Group at the University of Waterloo, together with his 
colleague John Vanderkooy, and they conduct research in many areas of audio and 
electroacoustics. His current research interests include the mathematical theory of dithered 
quantizers and noise shapers in both audio and image processing, sigma-delta modulators 
(and their connection with stochastic resonance and chaos), physical acoustics, 
electroacoustics, transducers, and active noise control. He is a Fellow of the Audio 
Engineering Society, a recipient of its Silver Medal for his research contributions to digital 
audio, and of its Publication Award (jointly with John Vanderkooy and Robert Wannamaker) for 
a paper on quantization and dither. He has served as a Governor of the Audio Engineering 
Society, and was its President in 1988-9. Other society memberships include the IEEE, the 
Acoustical Society of America, and the Canadian Acoustical Association. He has presented 
numerous technical papers, on a wide range of topics, at conferences both in North America 
and overseas. As Vice-President of the Kitchener-Waterloo Chamber Music Society, he 
records and broadcasts more than fifty local classical-music concerts annually, and has been 
doing so digitally for more than twenty-five years. 
  Stanley Fok received the B.A.Sc degree in Computer Engineering from the University of 
Waterloo, Canada in 2001. He also completed the M.A.Sc. degree in Electrical & Computer 
Engineering at the same institution in 2002 specializing in image processing. His research 
interests are in digital signal processing, image and video processing and compression. 
Currently he is a video algorithm designer at Gennum Corporation. 
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