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3.2 Optinun Iaage Reconstruction from DPCn Srnples

l{ieha e I Huhns

A ccnDon technique for achieving'blnitriilth coupressicn in tligitel
systeas is clif ferential pulse cola noilulttion (DPeH, . In this
technique differences betyeen successive signal sanples, rather than

the signals theuselvese dEe transnitteil. CoEpression cccurs because

atljacent saEples are often very siailar, anil transnitting only signnl

differenJas renoves sf,re of this relunrlancy. A block iliagral of a

typical DPCII systea is shorn in figure 1. An essential conponent cf

this systen is tha qurntizer, rhi.ch lchievas the bandriilth

conpression. The ccarser the quantization, the greater the

conpression, but also the greater the degradetion of the reconstructecl

signal. Tc pininize this degrnilation, r reconstructlon nust utilize
all of the available knovleclge about the sig na1, such as the

quantj-zeticn levels, th: signal distribution, and any correlation

Hhich ranrins after the clifferencing operaticn. This report presents

an optinal solution tc this restoration problen enrl applies it to the

reconstruction of DPCIt cocled images.

The reconstruction unit in the block tliagraa of the receiver
ttrshovn in figure 1 is a ilevica rhich attenpts to recluce effects of the

guantization. The particular fcrn cf this devica is based on a priori

knor.leilge of the quantizer and the statistics of the quantiser lnput.

This inpu+- is the difference signal rhich has been founil to have a

taplacian ilistr j-bution < 1>, dascribed by
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p(x) exp(- l*ltzo )

fhe clistribution of the clifference signal for the trgirlrt image {see

figure 4) is shorn in figure 2. It can be seen thet a Laplacian could

uodel this distribution guite re11. Horever it has been found. that
the clifferpnce signals are correlrteclr so that tn lc:urate st-atistical
r€presentation of then nust alsc lc:runt for this fact. Figure 3a

shovs the actual tcc-disensicnal ilistribution of the DPclt coitecl

ngirl.tt Fcr this inage the average conelation f or arljacent dif ference

sanples has been neesured as 0.4. These sanples crn then be nodeled

by a eorrelatecl tro-clintnsionaL laplaci.an ilensity, rritten as

(t)
I=-,/ 20

2
ox

z
o
v

= n[*2]

= ir[y21

= 
E[*vJ
ooxy

=,fL+r +,fl-v

=,fl+r -,ft-r

(3)

(4)

(sl

(5)

(7)

this lensity fun:tion for r=0- o an cl

vhere

Figure 3b contains a plct of
cr^.= ?

The trc-ilinensional taplacian ilistr ibution is seen tc provi.ile an

accurate noilel for the DP:ll sanples. lhsse saaples are guantized
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Figur.e 3.2-2. Histograrn of the DPCM signal for the rrgirlr' picture.



(a) Histograrn of the DPCM coded I'girlil irnage.

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

Figure 3. Z-3. Two-dirnensional distributions for DPCM sirnulations.
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{a) DPCM I bit/pixet

(c) DPCM Z bits/pixel

(e) DPCM 3 bit s /pixel

Figure 3. Z-4. Minirnurn rnean
coded irnages.

(b) 1 bit/pixel restored

(d) Z bits/pixe1 restored

(f) 3 bits/pixel restored

square error restoration of DPCM
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square error and a subjective inprcvenent in qurlity. Ihe subjective

improvenent is less apprrent- in these pictures, horever, beceuse the

guantization itself is less noticeable.

fhus the technique clescribetl ahove proviles an effactive nethocl

for restcring DPCl,l coclacl inages, particularly vhen the quantization is

coarse. Further analysis is erpecteil to extencl the resul ts to PCI'I

co<lecl innge sanples rhich have correlateil Rayleigh clistributions.
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