where B Z) s of the [orm

A o PO Ak I e By A

Hille= L S St R I &
Next we extract the term 4, 77 from eqn, 3 and wrile
ITUZ)=dy Z7'HYZ) ()
where d, = af fry and
"z - ay 27V 4+ 5)

B Z Y4+ o+

Finally wc take the inverse of H3{Z) and perform the division
4l lhe same end:

L hE ¥+ B ET
Huz) e &7 4 1
| e Z7H, 1) ()

Substiluting cqns, 4 and 6 into cgn. 2 we arrive at

dyZ !

i) = n AR
AU ez, 1)

(7

The realisgtion of HyZ} based on the above cxpansion is
shown in Fig. la Repeating the above process, the complete
ladder realisation with 2N | 1 multipliers and 2N adders is
ablained,

[Ty
Fig, 1 fririal sregs in the realisation of H JZ)

a Firsl method
B Second method

Second realisation method : This tealisation s obtained by cx-
changing the order of the divisions. First we divide ouwl the
term ¢y — a, by for egn. 1 and write

HAZY = ey + HdZ) (&)
where B £) is of the form

Ay 275+ L+

b ZT ¥4 by (9

HdZ)=

and

a-_:L__ fori -0 01,...,N—1

Next we  extract the term g =y /by = o, By —

ayhy )b and write
HZ} = dy HZ) (to
where

ZEN pal (ETECE Y par
R o T A S

fif) = (11}

Finally we take the inverse af Ay Z) and perform the division
at the same end:

1 |
— =2 12
2] H, 2] i)
Substituting cqns. 10 and 12 into cqn. 8 we arrive at
HAZ) = ¢ + —allx-(2) (13)

1 + £ 'Hy_(7)

The realisation of HZ) using eqn. 13 is shown in Fig. 1b
Repeating the process outhined a compleic canonic ladder re-
alisation of 7] can be ablaired containing 28 + | multi-
plicrs and 28 adders.

Conclusion: The proposed canonic ladder realisations of [IR
digital fitlers preserve all the peoperlies of those suggesied by
MNeuvo and Mitra,' and are better than those for realisability.
For example, in the first step of realisation we only need for
realisability by =0 for the first method and b, # 0 for the
second method,
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ENTROPY-CODED HYBRID DIFFERENTIAL
PULSE-CODE MODULATION

frrdexing revms: Mmage processing, Differential pulse-code mo-
dulation, Fuzzy sets

A hybrid differential pulsc-code-modulation (DPCM) system
is presented W demonslrate the application of fuzzy set
theary in data comprossian. The system involves entropy
coling, Laplacian quardiser and [uzzy enhancetment oper-
atipns as applied on the DPOM signal. Saving of about 3
bit 13 faund to be obtained when a DIMCM signal is quan-
tisgd to 32-level, and then Huffman-coded.

Introduction: Tn image data compression, onc is concerned
with converting an analogue picture, often genetated by opli-
cal sensors, to the smallest set of binary integers such that this
set of binary digits can be used to reconstrucl a rephica of the
original image. Such a conversion involves removal of re-
dundancy which may arize either by correiation in the data'
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or by nenuniform probability density® of the image data
These two 1ypes of redundancies may be removed by differen-
tial pulse-code modulation (DPCM} and entropy coding tech-
nigques, respectively.

[n this letter a hybrid differential pulse-code modulation
system (HDPCM ) is introduced (Fig. 1) which employs a non-
lincar fuzzy transformation T(d)* (hence the name ‘hybrid® is
given) on the difference signal before its gquantisation. For
miost pictures the probability density of the difference signal is
peaked about zero; the transformation T(4} is chosen so that
the differential signal will be more highly peaked aboul zero.

A

A
[ d d; g
: . : Tid,) : quanlnsal s Fg”ﬂéﬁ;“"};___

Trgut g ]
crarel

Huftman dﬂ
==~ Mdecoder

Fig. | Proposed hpbeid system (HROPCM)

This results in a signal with smaller varianee which can be
transmitted at a lower rate for a given distortion.

The Torward and inverse transformations, and the 32-devel
quantiser are included in the loop in erder to use the same
predictor at the transmitier and the receiver and also o avoid
instability.! A Huffman coder is used to encode the quantised
difference signal, The efectiveness of this variable bit system is
demaonstrated on pictures (Figs. 2 and 3} of a man and a
telephone box (128 x 128, quantised to ¥ bits per pixel], re-
speclively, The different processed versions of the images are
presentad along with their medn square errors (MSE).

-

EEE
R TH]

Fig. 2 Original man picture

T

Fig. 3 Original telephone box

64

Hybrid DPCA ; The system of Fig. 1 consists of a first-order
predictor given by:!

(1) Predictor exclusing quantiser and T4 ):
=x_,+ 1 — pm {1
di=x—% : 2
where
i=15L2. (M= Nforan{M x N)image array x,,
= predicled value of x,

%
d. = difference signal

p = correlation between adjacent pixels intensity
]

mean grey level of the image

{ii) Translorm blacks T(d) and T '(d }:

This block processes the DPCM signal in the fuzzy domain
which consists of the following three operations:

{e) transformation from spatial d-domain to fuzzy p-demain
{0 < p = 1) using the standard 3 function’

o= G = A s dy S e (3a)
= 1= Afdpe — dila?s Ay > dyef? (3}

i, . /2 i5 the crossover point at which p; = 0-5,

(#) enhancing the contrast in the p-domain using the fuzzy
intensification operator*

Bo=Alp)=2p), 0=p <05 {da)
=p O5<psl (46}

which decreases the values of g, which are below 05 and
leaves the rest wnchanged. The degree of enhancement can
further be increased by making successive use of this A-
operator.

(¢} inverse transformation d; = G~ ;) in order to obtain the
enhanced spatial domain 4, from the intensified luezy p-valoes.

The block T 'L@I consists of (o) and () above in reverse
arder,

A uniform 32-level gquantiser was used which assumes the
signal has a Laplacian disteibution. Finally, an entropy code
{Huflman code) is used which is very suitable for such a highly
peaked distribution.

-——with Tid}
block transfommation

o,

nurnber of occurences,log scale

----standard DPCM
system

¥
10

MU IZE L 04 b 17 162024 AT
difference signal d; 5]
Fig. 4 Hisiogram of difference signal with and without transformalion

Tid)
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Implementation and reselis: The designed system (Fig, Th was
simulated on a dipital computer CDC 6400 for 1wo digitised
pictures as shown in Figs. 2 and 3. The graph in Fig 4 gives
the: histogram of the difference signal f, befurs and after trans-
formation for the ‘man’ picture. From the graph it is scen Lhat
after transformalion the range of the differcnce signal becomes
much smaller and mare highly poaked, and aceording to en-
iropy theory this can be coded more elficiently by a Huffiman
coder

a 5973

Fig. 5
o Coded 1o 25 hits per pivel, with MSE = 76 = 1) *
i Coaded s 31 bits per pixel, with MISE 17 = 1077

Fig. fi

a Box picture coded eo 223 bits per pivel, with MSE = T3 = 1072
i Boes premire coded G 301 bils per pixel with MSE = 36 = [} °

Figs, 50 and b show the ‘man’ picture with and without (he
transformation (block Ti{d) of Fig 1) coded to 25 bits per
pizel amd 3-1 bits per pixel, respectively. Figs. 6a and b
demomnsirale the coded ‘elephone box® under the same pro-
cessing condition. The corresponding mean-square crrors of
the processed imapges are also given. From the above resalts it
appedrs that the use of a2 T block can easily save about 005
hit with an insignificant degradation over the slandard
DPCM svstemm.
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WAWVE-THECORETICAL ANALYSIS OF

SIGNAL PROPAGATION ON FET
ELECTRODES

Tndexing rermy: Microvave devices ond compenents, M ES-
FETs. Slow-ware phenamena, Waceguide loseey

A wave-theoretical wnalysas of MESFET electrode srructures
iz undertaken, incorpotuling losses of both e semicon-
duering laver and the finite conduetividy af the elecirodes. T
1s shown 1har the relevant microwave FET mode huas slow-
wave properlies with a slowing factor of alout 6,

Irtroduciion: Several authors'— have analysed the problem of
wave propapation along the clectrode dimension transverse 1o
electron drift only by a TEM approximation, which 15 usually
questionable sinee we huve w luyered structure. A wave-
theoretical analysis of a relaled problem was recently pu-
blished by Itob and his coworkers,* where, however, no
relevance to the structure of a FET exists, Therefore the pre-
scnt theoretical resulls ure given bere, They are based on a
full-wave amalysis of the VET soructure neglecting active
hehaviour effects.

The developments of mucrowave power FETs teguire. [or
high outputl powers with their critical heat-conductange pro-
blems, structares of dimensions which are no longer small in
comparison to 4 wuvelength, One ol the important oulsian-
ding lheoreticu] problems in this lield is, however, a know-
ledye of the wavelength om FET struclures, Additionally there
is a substantial intereat in the value of the signal attenuation
during propagdlion along the electrodes, and the omiging of
this attenation.
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Fig. 1 Fiefd-cffent tromsistor and ity maodel
B o= 3 um i T S TR |

Wy =W, =5 um

Wy — iy = dp ~ 1 pn
e = 1 p1m

dy =y =01 pm

Gor TG T L = By - 12-8
x = 0 exeent far region (3]
o= Mg in all regions
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