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3.2 Optimum Image Reconstruction from DPCM Samples

Michael Huhns

A common technique for achieving bandwidth compression in digital
systems is differential pulse cod2 modulation (DPCHM). In this
technique differences between successive signal samples, rather than
the <=ignals themselves, are transmitted. Compression occurs because
adjacent samples are often very similar, and transmitting only signal
differencas removes some of this relundancy. A block diagram of a
typical DPCM system is shown in figure 1. An essential component of
this system is the quantizer, which achisvas the bandwidth
compression. The coarser the quantization, the greater the
compression, but also the greater the degradation of the reconstructed
signal. To minimize this degqgradation, 1 reconstruction must utilize
all of ¢the available knowledge about the signal, such as the
quantization levels, th2 signal distribution, and any correlation
which remains after the differencing operation. This report presents
an optimal solution to this restoration problem and applies it to the

reconstruction of DPCM coded images.

The reconstruction unit in the block diagram of the receiver

|
shown in figure 1 is a devica which attempts to reduce effects of the
quantization. The particular form of this device is based on a priori
knowledge of the quantizer and the statistics of the quantizer input.

This input is the difference signal which has been found to have a

Laplacian distribution <1>, dsscribed by
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p(x) =7710— eXp(—lxl/ZU) (n

The distribution of the difference signal for the "girl" image (see
figure 4) is shown in figure 2. It can be seen that a Laplacian coulAi
model this distribution quite well. However it has been found that
the difference signals are correlated, so that an accurate statistical
representation of them must also account for this fact. Figure 3a
shows the actual two-dimensional distribution of the DPCM coded
"girl." For this image the average correlation for adjacent difference
samples has been measured as 0.4. These samples can then be modeled

by a correlated two-dim2nsional laplacian density, written as

~ 1 1 ax b a bx
P(x,y) —W eXp{?zu-rZ)(E;'Eyz ’ E}y%a;l)} v
where
O2 Y E{xz} (3)
X
of = Bly") &
y
. - Elo) (5)
o o
X'y
a =/14r +/1-1 (6)

b =/1l+r -/1-r

Figqure 3b contains a plot of this density function for r=0.8 and

O;\:: O'.r.

The two-dimensional Laplacian distribution is seen to prov;de an

accurate model for the DPCM samples. The2se samples are guantized
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Figure 3.2-2. Histogram of the DPCM signal for the ''girl" picture.




Histogram of the DPCM coded ''girl" image.

(2)

(b) Correlated laplacian density function; correlation = 0.4.

Figure 3.2-3., Two-dimensional distributions for DPCM simulations.
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before they are *ransmitted through the channel. A minimum mean

square error restoration of the quantization can b2 obtained <2> from

fﬁp(z)dzs
E{E(_l_)_(_eR} = 2 (8)

Jgpb_c)d_:s

where x=(x,y), R is the region'into which x is quantized, and p(x) is

defined in egq. (2). The general solution to 2q.(8) is complicated, so
the solution shown here 1is only for the simplé case of delta
modulation (one bit gquantization). In this case x and y are each
quantized to the interval (0,e0) or (-&,0), or equivalently, as
positive or negative. There are two cases which depend on the sign of

the product of x, y, anl the correlation, r. The results are

{a) rxy>0
o (1-2 | rl)sgn(x)
%= = (9)
V2(2/1- Il -V/1¥ 1))
X Uy(1—2|r|)sgn(y) (10)
Y =/2@0-1rl- 1+ 1])
{b) rxy<o0
9{:0’1_‘_'_1.'_!_ sgn(x) an
X2
(12)
§ ot [zl sgn(y)

Applying this restoration to the quantized image 1in figure U3
results in a mean squar2 error reduction of 12%. Subjectively, as the
restored image in figur2 4b shows, ther2 is la2ss apparent noise and
more discernible detail. Equation (8) has 13also been solved for
general gquantization regions and the results applied t& the two and
three bit coded images shown in figures 4c and 4e, respectively. The

resultant images in fijures 44 and 4f exhibit both a reduction in mean



(a) DPCM 1 bit/pixel

(d) 2 bits/pixel restored

. - - ; ; : T
(e) DPCM 3 bits/pixel (f) 3 bits/pixel restored

Figure 3.2-4., Minimum mean square error restoration of DPCM
coded images.
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square error and a subjective improvement in quality. The subjective
improvement is less apparent in these pictures, however, because the

quantization itself is less noticeable.

Thus the technique described above proviles an effactive method
for restoring DPCM coded images, particularly when the quantization is
coarse. Further analysis is expected to extend the results to PCM

coded image samples which have correlated Rayleigh distributions.
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