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Abstract- A DPCM system employing a median predictor, which is called the
predictive median-DPCM(PM-DPCM), is proposed. An interesting observation that in
PM-DPCM transmission errors are often isolated and not propagated over the
reconstructed signal is made, and is analyzed deterministically and statistically. In
additicon, it is shown that the decoder of the PM-DPCM is always a stable system. In
order to examine the performance characteristics of PM-DPCM, it is applied to real
images. The results indicate that reconstructed images through the PM-DPCM can be
better than those through the standard DPCM when transmission errors occur, and that
under noise-free conditions the PM-DPCM performs like the standard DPCM.
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Fig. 1 Block diagram of a DPCM system.
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Fig. 2 Signal reconstruction through the median
predirtor without noise, (a) the orieinal
signal. (b) the output of the median
predictor of M=3, (c) the prediction
error signal. (d) the reconstructed signal.
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Fig. 3 Signal reconstruction through the same
predictor as in Fig. 2. with an error at n=
6 {a) the prediction error signal, x,{#n)
which is changed by a transmission chan-
nel error. (b) the reconstructed signal
from x.{n).
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All initial values are zero and M=3, (a)
without noise. (b) with noise ; the edge
informations are halved and disappear in
the reconstructed signal.
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Fig. 6 The PM-DPCM using Medl predictor
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—median{y,(no—7), =0, -, M—1]
(3.10)
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25

05
conditional [ ——a~— median(M = 1)
expectation
054 —%— lincar(a=09)

T T
2.5 1.5 .5 oS 15 25

channel noise(e)

a3’ 7 2A% BE Elep(not+1)/e)el plot.
Fig. 7 The conditional expectation, E{es(no
+Dleh.

olmz ZAY Ve
E{ep(no'*l)(e}:'&ep(no*‘l)
R

P(yh Vo, 0y ymle)
dyidys - dym (3.11)

of Aol ply, ¥a o yule)L v(me—1i), 0<i<
M—12 conditional joint pdfe]c}, z2{v} 9=
AS y(n)? AL ew Felnz

Pvn yo o ymle)=ply, va - vw)  (3.12)

aHE=2 py, v o, vm)0l FolAH 2 et
Hal Eles(no+e}d 2 HEoz 78 5 3
o, 28 7 y(n)E (3.2)49 AR ZzAaw
$e o A Fge 2L Y S ReFEog
as Hll Ag 2AA Q375 ALY BF
DPCMe} et 2xaF gty nodzxicl), 3% DPCM
ofl4f Ak g sk g2 AL g oed AFA
o2 uldste ww DPCMolAy: Autabse] gzt
o] AjH oz ujS o m I FPEL eo A
Agle] FAS= A& E4 AUrk G2y PM
-DPCM-2 Ago] impulse4dql ZAS-ol= =|§

4% 4%5% A4 9k
4 Ny Ao

Aetx PM-DPCM=z 7]& DPCMA|A®HE&
slislr] Sl& 258 dAAlEel HEadd, F
A oiAbg AgEtdErl 2B 27 gel Mo
# Lenas}t Trevordd Abelch o] odise =z}
pixelo] 8-bitelz =Z7|& 256x256°] ),

Agd
2% DPCM2 4-bit DPCMeo|x|, <kz}~7](quant-



BESPE A 0% 4% 1991F 48

F 2 o x} 7] (quantizer) & 4 X, [&(nega-
tive) o g9 & Adgg A A 4
o Fo ol& HEYE Hn FHL
-y2 k]

Table 2 The quantizer specifications. For a

negative input value x, the re-
presentative value y is determined with
its absolute value |x| and—y is given
to the output.
[ e g HE B(y)
0<x<4 2
4<x<9 6
9<x<15 11
154 <21 18
21<x<30 25
<x<41 34
41<x<59 48
59<x <255 70

3%y 8 (a) Lenaimage, (b) Trevor image(Trevor
JAE F 5 A4,

Fig. 8 The original images, (a) Lena image, (b)
Trevor image (the 5th image of the
Trevor image sequences).

izer) = E 29 AR E ol gk E 32 @
A5 zHHAR A ol AF7EE
S HEHL w APH PAb Fk(empirical
variance) & ¥ Helth F%¥ A Lena
Aol oated MedlelZ7]7h A¥<2l Linlel %7
wrp zZe 24 e ke Aolth oA o
odaro] 47 edged g cha gol TSI A+
ol Aoz 2} Trevord Aol MstedE vld
o =7 5o] AFelvt FMHA 7[5 vla] &
o312 AT AG Aol Agel $g WHe ol
I 275 A3 2S5 DPCMA&®Ee] W8
A A e ¥YdTe B F Utk 2
U A4 Aol ol WA = otk

ojciel §Eefel ol ofZ# DPCMAIAY

B 3 G4 Az AE A &Y HdF o
22| 34 (estimated) ¥-4l,
The estimated variance of prediction

errors for image signals.

Table 3

g Azl og oz 239
A4gs o2y A
Lena Trevor

Med1ol) &7 149 53
Medze) & 7] 283 71
Linlel] 2 7] 166 18
Lin2d| & 7] 136 29
FMHd| & 7] 128 25

a8 9 P.=0.005% = (a) Linl ¢ 574 7 1,
(b) Lin2 «1&71¢) A3, () Med] o157
o) Azl (d) Med2 oZ719 A, (o)
FMH o279 Az, 6 13 ¢4
FECPEES

Fig. 9 When P.=0.005, the experimental results
from (a) the Linl predictor, (b) the Lin2
predictor, (c) the Medl predictor, (d) the
Med?2 predictor, (¢) the FMH predictor,
and (f) the 1-D median predictor.
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E: 4 4 P.=0.0059 = %4(Lena) AlZol of
& 7z} DPCMe] SSEZ

The ASE values of DPCMs for Lena
image when P,=0.005 and P,=0(/=5).

Table 4

A48 d&7] | 34 (Lena)Alzol thg SSE
Med1o4 % 7] 5.15x 10°
Med2¢i % 7] 5.75% 10°
Linlell 27| 1.04x10°
Lin2¢] 27 5.26x10°
FMHej & 7| 5.02x10°

>

149 v ol clEslol web 2 Fol7h A7
£ °;_} 4 it

o] AgallA A4 Az ALL x(n)2 7 bit
oA FYd HEZ GARn AARGY =
FEL P2 veliAc 5dd A5 det A
3E A=z oz wlawsdlr] Y& 4 DPCMoA &
A% zte]l FBES AFT F HEAE o] W T
% o} SSE(Sum of squared error) 2 }EhJ
oh, FAlHoE

SSE= ??(y(i. A=y, DF 4.1)

¥ 4+ P.=0.005" « z+ DPCMA]~8]$ Lena
9} Trevorgd Aol H&3td& = dolal SSERLE
Bolch, o Ad 2 o4 PM-DPCMo| A5
a8l £33 HEg A 4 5 U- 71Ed
3% DPCMZolA ¥ Lin2g) o7& 713 A|a
glo] Ats] Fgol o] oA, oy o 4]
28] 23357 (decoder) o] Al A® 49 pole
ol unit circleo 4 83 HoiA A HZo F&E
F438 Z&A7]7] dWEelct, ¥ 9% Pe=0.005
dw] 7z DPCMe| E8% LenaciAtelct, o]xtsd
Medlol%7]& 7}A PM-DPCMe] 5813t < 4ol
AnHoeg 717 FEE ¥ 5 Uth o] g
Al GAol w§¢ 7hgel Lin2 «&7]9] DPCM
of o& EUHE JAE Age g AEE A
32 glen] Med2 ol&7]8 7z PM-DPCM& —
45°9}sro 2 9 a ¥ dH4alo]l okl dojyir},
FMH¢} Linlel &7 5 AH83 DPCME2 A4 Al
2 Aol ¥ FHofgge]l #AF dehdrh =
3 a4 PM-DPCME  edgetf-Zoli4 Al
impulse4] 5o A& A dol o9
edge7t AebxldA Aol zefFrh FYE
Trevorgd Aol s Heof 22 ZA4E & 4 U
o}, B4 Trevord A& xwd TAl4 HolA ¢
At
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a3y 10 P, =0.01Y =} (a) Medl «)&~712) A,
(b) Med2 o}&71¢ A=, (¢) Lin2 «l&
71 A3},

Fig. 10 When P.=0.01, the experimental results
from (a) the Medl predictor, (b) the
Med2 predictor, and (c) the Lin2
predictor

a7 102 Pe=0.01% = 5% dA4ES
o A714E P=0.005¢ o st3 Fo-Ans
2P Medl, 1 g2 F& ARE M9
Med2® Lin2el &7 Eqt weistgc), o34 Medl
ol %7)2) PM-DPCMo] 7} S43lo] o o}
of AlazglR o] Afolx flzf Aol g o
Ag HAsgict, Med29d Lin2g|Z2715-& 71x
DPCMol 4= 248 ojabel o] t% 24s
ol glot,

o] AANEE gk, Medl &7 & A£3)
PM-DPCM & ol 43 Ajamlez Ax o4t
oA HF AZ Aol 7tz #4% % ole}l e
A% eaxw ¥ & Ytk =Y ol vlHdd of
Z7)E 7129 AY dF7 e 2 FHol 74wl
st whebd e AAEl ARl SlejA o
PM-DPCMA] 482 of-9 F-8-5t2)a} ale{Alc)

Iz
2

o

<l

5.4 B

ultjel el &7 % o] &3ted DPCMA] 2w
TA sl o xl*fﬂ/l A W E4E 2435

Atk of DPCME d42) 8ol 7ao] ¥4
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7 AgL Ese] Holxck =& ¥ AY opera-
tiongl wjtial &7 & x st W H(feedback)
Alzele) Bustrle] A4S Fsisich 94
Aol s o] DPCME ol g3tiem, of uf A
4gko] 7b3&u] =, bit-rate reduction ratio+ 4/8
olgdct, 7129 ofE DPCMa = %o vlas
Axw A4 ioﬂ Agol glE ﬁ% FL AT A
HHozngc = L 3-bit DPCMoj)
T Aoy o A

23R okt

goz #ofd dFz viriede #FAgql Stack
[2]e1v} WM (Weighted Median) [17] operator£-
DPCMe| o Z7|2 o]&-3te] ¥} Zg olF 23
FAE Zn A4z gl %3 DPCME +3
3l Zolc}, ole{gk DPCME 44 <4 A3 E
A&l v AF2E Ed Adsted FE34
#odd 4 g& Aol

2 =

A= 19 349

o] F4¢ HAM=
o) (max) /3 £ (min) A4S
Hol Hajsirt,

median{y{n—1i), i=1,-,

ofeheh 2ol mlejd Aabe
ol gl EHHE

M]=max[min( Y1),

min( Yx)] (A1)

od7lol A Y, 1<r<K, € {y(n—i), i=1,-,
Miel MAS & F 44 (M+1) /2709 A&
£ Adete d2 %—Er Agolrh, doz See
(M+1)/2& LZ JehiAe Y, -, YeE ol8
g 2E & BE 4L Jdd AHelw K=

(7)ol et e aag As/2s da0) ¥

Foz veld 4 e AL oA o] stackdAH 2]
[17]¢) E48 A$o]7) e Folc},) o33} Ze)
7}A 3=l

median[y(n—7), =1, M]=y(n—j)
=min( Y,) (A.2)
o] AolA o} gv A 1<;<M, 1<g¢<K, 4
olo ofoje] ALolrh Az AlF nd FFol W
A A mro 2ok, aya A AAAHdA
vin—je Yol 2 3% AF Y, 1<r<K,
AE d4E Az AleE 3d3e 459 A

olciel Hebel ol &7 @ O[8# DPCMAIAY

& otz 2o FelRxl,

slly(n—sDE Y,, 1<h<lL}
(A.3)

2E §,.Cc{l, 2, , Mol jESAY S, & ¥
goiwd 4] (A2)olA min(Y)=y(n—j)e)ma o]
A e =E A4 sfol ois
y(n—j)<y(n—sf) (A.
=3 A (A1),
2L ol oA

min( ¥,) 2min( Y;) (A5)
+& A=Al

Aﬂ(lv ])=y(n_l)—y(n_])’ l=1v M
(A8)

Ai, D B 37 qHEH} 2455
o aolE vehich 4 (A)Z ¥E FE SES,
ol ohal

An(sij) 20 A7)

A(As)ez HE 7zt Aj S, A& ohgE wE
e Holx sty si(eS,)7F EAFA FE o
+ ek

Ax(sh, 7)<0 (A.8)
Al BH3} AAE B SeAE nolde A

Sr={s], i

-

)
(A2) oA r+q, 1<r<K, gl

2 A eln) n>n ol FT o2 AMAgsHE
Ag HolAeh 4 (2.5)22 F¥
ep(n)=median{y,(n—1i), i=1, -, M]
—median(n—7), i=1 M]
=median{y,(n—1), = 1, Y Ml=y(n—
)]
=median[e,(n—i)+Ax(i, 7), i=1,
M]
=medianfw(n—1i), i=1, -, M]

=max[min(E), -, mm(Ek)] (A.9)

A7l A 3 A AL y(n—i)=y(n—i)+
ep(n—1)oll 71el3l, w(n—i) er(n—1i)+An(d,
NE A=A E, r=1,- < A {(win—1),
i=1,--, M} 23 %‘JE}C’iH 7+ E~& A (A)
9] Yol -5k

A A AE ep(n)ol ex(n)=min(E)A A%
E A7skAL o] d om sieSeol oisl min
(Ed)=w(n—s)°l ex(n)=wn—sH<w(n—7)o)
o, olfrE jESoIM wn—sHt E0 £ F
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2 xo]7] wifolh =l eqln)=wln—si)=
eoln—sH+An(sh, <wn—j)=eln—j)o] vtz

oS4 AL, )=00 7lel@h ol AnF A

2] g}

eln—sH<en)< ep(n—7j)
ol gt o) Aol AwA FFAL AAT)
o 71lgtel, ol ZRE ol Mol A FHFel AA
o et Aoz Adse AE F 5 U
Sz olwl », 1<K, r*gq. ol w3
ep(n)=min(E,)eleta 3§z ol wi & sie= 8ol
Al min(E)=w(n—spol = 4 (A8)E utE
s e 8,2 aEstd ep(n)= wln-sh<w(n—
sD=epn—sD+An(sL <e(n—shH 1213 min
(E;)= min(E)e) = 2 ep(n)= min(E,)=cp(n—
s+ ANsE D zep(n—sH. o7l vkt §5 4
2 4 (ATiel 71elg, o] HiE FEsh
er(n—s)<ep(n)<ep(n—sk) (A1)

o] Aol & e exn)e] e W&o
2 AgdEE ¥ 5 Adck F AN AL09F (A
1D ofsh o] 19 Aot Folzo

¥ 1 2 #

[11 N.S. Jayant and P. Noll, Digital Coding of
Waveforms : Principles and Application to
Speech and Video, Prentice-Hall, 1984,

[2] P.D. Wendt. E.J. Coyle, and N.C. Gallagher,
“Stack Filters,” IEEE Trans. Acoust.,
Speech. Signal Processing, vol. ASSP-34,
pp. 898~911, Aug. 1986.

[3] EJ. Coyle, “Rank order operators and the
mean absolute error criterion,” IEEE Trans.
Acoust., Speech, Signal Processing, vol.
ASSP-36, pp. 64~76, Jan. 1988,

[4] E.J. Coyle and J.H.Lin, “Stack filters and the
mean absolute error criterion,” IEEE Trans.
Acoust., Speech, Signal Processing, vol. ASSP
-36, pp-
1244~1254, Aug. 1988.

[5] M.C.W. van Buul, “Hybrid D-PCM, a combi-
nation of PCM and DPCM,” IEEE Trans.
Commun, vol. COM-26, pp. 302~ 368, Mar.
1978.

[6] K.N. Ngan and R. Steele, “Enhancement of
PCM and DPCM images corrupted by tran-

392

Trans. KIEE, Vol. 40, No. 4. APR. 199}

smission errors,” IEEE Trans. Commum.,
vol. COM-30, pp. 257~265, Jan. 1982,

(7] Y.H. Lee and S.A. Kassam. “Generalized
median filtering and related nonlinear filter-
ing techniques,” I[EEE Trans. Acoust.,
Speech, Signal Processing, vol. ASSP-33,
pp. 672~683, June 1985,

[8] A.V. Oppenheim and R.W. Schafer, Digital
Signal Processing, Englewood Cliffs, NJ,
Prentice-Hall, 1975.

(9] J. Salo, Y. Neuvo, and V. Haneenaho, “Im-
proving TV picture quality with linear-
median type operators,” IEEE Trans. Con-
sum. Electron., vol. CE-34, pp. 373~379,
Aug. 1988.

[10] J.W. Modestino and D.G. Daut, “Combined
sourece-channel coding of images,” IEEE
Trans. Commun., vol. COM-27, pp.
1644~1659, 1979,

] P. Heinonen and Y. Neuvo, “FIR-Median
Hybid Filters,” IEEE Trans. Acoust., Speech
Signal Processing, vol. ASSP-35, pp.
832~838, June 1987,

[12] J.P. Fitch, E.J. Coyle, and N.C. Galiagher,
“Median filtering by thereshold decomposi-
tion,” [EEE Trans. Acoust., Speech, Signal
Processing, vol. ASSP-32, pp. 1183~1188,
Dec. 1984,

[13] N.C. Gallgher and G.L. Wise, “A theoretical
analysis of the properties of median filters,”
IEEEE Trans. Acoust., Speech, Signal Proces-
sing, vol. ASSP-29, pp. 1136~1141, Dec.
1981. ‘

[14] G.R. Arce and N.C. Gallagher, Jr., “State
description for the root-signal set of median
filters,” IEEE Trans. Acoust., Speech, Signal
Processing, vol. ASSP-30, pp. 894~902,
Dec. 1982.

[15] T.S. Huang, Ed., Two-Dimensional Digital
Signal Processing, 1 . Transforms and
Median Filters,
Verlag, 1981,

{16] S.J. Orfanidis, Optimum Signal Processing :
An Introduction 2/e, Macmillan, 1988,

177 MK. Prasad and Y.H. Lee, “Weighted
Median Filters : Generation and Properties,”
Proceedings of the 1989 Int. Sym. on Cir-

New York : Springer-



BEPY R 0% 45 19915 4R

cuits and Systems, Portland, Oregon, pp.
425~428, May 1989.

(18] H.A. David, Order Statistics 2/e, John Wiely
and Sons, Inc, 1980,

ojc)el Hele| oj&>i# o|®et DPCMAI2Y

(19] P. Pirsch, “A new predictor design for DPCM
goding of TV signals,” Conf. Rec. ICC'80, pp. .

31.2,1~3L.2.5, June 1980.

393



