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I. INTRODUCTION

When an area containing a gradual variation in
brightness 1is displayed on a digital image display device,
we often notice a spurious discontinuity of intensity across
the border between two regions whose gray levels differ by
only one wunit. In Fig. 1, for example, we observe a set of
contour lines resembling shell zones. Those discontinuities,
however, are not characteristic of the object portrayed;
they are intrinsic characteristics of digital image displays
because a display device can plot only a limited number of
discrete gray levels on the screen. Unfortunately,‘the human
eye is very sensitive to this difference in brightness, so a
person will easily perceive and be annoyed by the false
contours produced. Those spurious discontinuities are
somewhat amplified as the signal-to-noise ratio or the
smoothness of border 1lines in the displayed image is
increased. This means, paradoxically, that improvement in
the accuracy of each point datum will make those spurious
discontinuities even more noticeable. Tﬁus, although no
step in image processing should degrade image quality, the
final presentation of a result in visual form is often
improved by blurring so that those undeéirable effects
diminish. A method to break up the regular steps of digital

coding has been proposed in the context of PCM transmission



techniques[l]; this method uses pseudo-random generators to
add noise to the signal before it 1is quantized and to
subtract the same noise after reconversion to an analog

signal.
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This note presents a method which makes use of local
picture patterns, in contrast to the previous method, which
"adds noise uhiformly'throughout the picture. The procedure
developed here essentially performs random blurring near
each border where there are spurious discontinuities in
apparent brightness, so that it preserves edge sharpness and
can be applied directly to digitized pictures without the

need for AD/DA conversion processes.

II. ELIMINATION OF FALSE CONTOUR LINES

Spurious contour lines, which make a picturé
unacceptable, tend to be intensified where the following
conditions hold concerning a border:

1) The shape of the border is simple and smooth, that is,
the border line is not jagged,

2) Little noise or randomness in brightness is present near



Fig. 1. Spurious contour lines like shell zones are evident

in the image.



the border,
3) The border itself is long, that is, the number of border
points is large.
A border is a series of points separating two regions whose
gray levels differ from each other by Jjust one unit.
Hereafter, we use the term 'border' in this sense.

It is hard to get rid of the efféct of condition 3),
since this condition is related to the extent, or size, of
each region. Our method makes the shape of the border
jagged and blurred by adding enough random noise or
scrambling points near borders so that conditions 1) and 2)
do not hold. Thus continuous(haiftone'is achieved without
any drift of total brighthess becéuse of the eye's ability

to average out noise.

The Method

For each point in a picture, apply the following
sequence of operations. First, determine whether that point
is an element of a border (A. Border Examination Procedure).
If the point is proved to be on a border line, then place
there a probing bar mask normal to the border (see Fig. 2).
A bar mask is a linear series of a fixed number of points,
along which a check is made to determine whether randomness
is present (B. Randomness Check Procedure). If the gray

levels of all points in each half of a bar mask are found to



be identical and equal to that of corresponding region, it
is determined that there 1is no randomness, and a random
blurring operation is invoked (C. Random Blurring

Procedure).
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Before giving a precise description of each procedure,
we define some terminology. Let f(i,j) be an integer
function with range [0,M-1], representing the gray level of
a picture at point (i,3), ‘where M is the number of gray
levels. The four points directly adjacent, horizontally and
vertically, to a given point (i,j) are called 4-neighbors of
(i,j); and 8-neighbors of (i,j) are defined as these
4-neighbors together with the four diagonal neighbors[2]. A
point (i,J) is called positive-isolated when the gray level
of each 4-neighbor is smaller than that of (i,j) just by
one, i,e, £f(i,j)-1l. Conversely, a negative-isolated point
(i,j) 1is a point whose 4-neighbors all have the identical

gray level £(i,j)+1.

A. Border Examination Procedure
For each point (i,j), seek and count the number N
(0N<L4) of 4-neighbors having the gray level f(i,j)-1. If

N=4, then (i,j) is a positive-isolated point which is not a



border

Fig. 2. Probing bar masks are placed so that the border
crosses their midpoint at a right angle; £f,, fg are gray

levels of region A and B, respectively, where [fA—fB(=l.



border point. If no such 4-neighbors exist, (i,j) is an
interior point of a region whose density value is f(i,j), or
is a negative-isolated point, or is a point which is close
to an edge where there is an abrupt change greater than one
unit in brightness. In any case, this (i,j) can not be a
border point.

If N=1,2 or 3 and at least one of those N points is not
negative-isolated and other (4-N) 4-neighbors have the gray
level £(i,]j), then the point (i,j) is concluded to be lying
on a border. All such cases where a point is determined to

be a border point are shown in Fig. 3.
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A point that passes this examination represents a
candidate position where spurious discontinuities of
brightness may possibly occur. Such a point is further

tested by the following procedure.

B. Randomness Check Procedure

When a border point (i,j) has been identified by the
above procedure, each of its 8-neighbors is checked in turn
to determine whether or not it is also a border point with
the same brightness f(i,j). This 8-neighbor checking

procedure would be performed quickly by using the flag bit
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Fig. 3. The complete list of cases of those relative
disposition patterns (omitting the rotated variations) in
which a point 1is recognized locally to be a border point.
The point being examined is the central one expressed by H
in each case. Among the 4-neighbors, the gray levels of H
and L are f(H) and f(H)-1 respectively, where f(H) is the
gray level of the central point. The points expressed by n
have a gray level equal to that of L, and, further, they

are also negative-isolated points.



which 1is reserved for each point; this flag is set earlier
if the point 1is determined to be a border point by the
Border Examination Procedure. If such an 8-neighbor is
found, a bar mask of an arbitrarily specified length 2xw
centered at the point (i,j), 1is placed normal to the
direction of the border’determined by that 8-neighbor and
the point (i,j). All possible bar mask patterns are shown in
Fig. 4 in relation to the positions of those two points.
When there are two possibie candidates, the appropriate bar
mask pattern is selected by examining which part of the bar
mask divided by the border point concerned belongs to the
interior of the corresponding area. Since those bar masks
shown in Figf 4 are checked for every pair of adjacent
points,  each wvertical or horizontal bar mask is checked
twice. However, cases 3 to 6 of Fig. 4 show that two or more
points 1lying 1in a diagonal direction will produce a series
of bar masks that are adjacent but do not overlap, and this

is preferable for a more natural picture.
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The bar mask 1is then divided into two parts, each of
length w. A randomness check is performed by investigating
if all the consecutive w points of one part have the same

gray level, f(i,j), while those of the other part have level
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f(i,j)-1. This checking criterion not only checks
uniformness, but also establishes whether there is an edge
in the neighborhood. 1If each of the bar mask is proved

uniform, the next procedure, random blurring, is applied.

C. Random Blurring Procedure

This procedure ultimately achieves scrambling an
adequate number of points on a given bar mask. Essentially,
it produces a probability of changing the gray level of each
point to that of the opposite side of the bar, which is zero
at the end of the bar and rises linearly to 0.5 at the
center. As shown in Fig.-5 of the w=4 case, the actual
probability 1is a step function, computed by using uniformly
distributed random numbers. This linearly varying
probability causes a gradual average gray-value shift along
the bar, similar to halftone reproduction, although in

halftone the variation is in dot size, not dot quantity.
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III. EXPERIMENTAL RESULTS

Fig. 1 shows a picture of an egg on a flat table

displayed on a digital image display whose resolution is
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180X180 points. Each point has a 4-bit density value; that
is, the number M of gray 1levels 1is 16. The spurious
discontinuities of brightness, false contours, described
before are clearly perceived. This picture was fed to the
series of procedures described above. Fig. 6(a)‘shows the
result for the case w=4. 1In Fig. 6(b),‘the”bar masks in
which random blurring ‘has been performed are shown.mNote
that random blurring Operatioﬁs were performed oniy on
bdrdefs where spurious discontinuities occur, and not on

true edges.
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Fig. 7 shows another example.' The resolution of grid
points is 230%230, and again M=16. The result of random
blurring with w=3 performed on the original picture
Fig. 7(a) 1is shown in Fig. 7(b). Random blurring is a kind
of noise addition; in a sense, it is an inverse operation of
smoothing. To show this characteristic, edge preserving
smoothing by Nagao and Matsuyamal[3] was applied to the
original picture Fig. 7(a), vyielding Fig. 7(d), in which
false contours are of course more evident. Although getting
smoother pictures by noise removal is one of thevimportant
preprocessing operations for image analysis, such as edge

detection, it sometimes gives 1images with an unnatural

— 13 —



(a) (b)

Fig. 6. (a) Result of random blurring of Fig. 1. (b) Bar

masks in which random blurring operations have been

performed.



appearance., Applying our method to Fig. 7(d), we get
Fig. 7(e), which is very similar in appearance to Fig. 7(b).
The bars in which random blurring was actuélly carried out
are shown explicitly in Fig. 7(c) and (f) for the cases of

Fig. 7(b) and (d) respectively.

*kkkkkkkkk Fig, 7(a)-(f) **kkkkkkkx

IV. CONCLUSION

We have proposed a method to eliminate spurious
brightness discontinuities appearing in areas in which the
brightnéss gradually varies. It uses the technique of local
random blurring to get a gradual average gray—scale shift,
and this technique 1is applied to every digitized picture.
The method also preserves edge sharpness, which is not
maintained by the simp1e dithering method that adds a random
nﬁmber before quantization or simply adds random noise. The
present method, in a sense, is an inverse of smoothing such
as edge preserving smoothing[3].

Even when bars overlap each other, random blurring
should be performed additively by examining the original
picture every time. Since the procedure is repeated lbcally

by scanning points sequentially, as in the sequence of TV
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Fig. 7. (a) Original picture. (b), (c) Results of random
blurring of (a) with w=3. Bar masks are shown explicitly in
(c). (d) Result of edge preserving smoothing([3] of (a).
(e),(£) Results of random blurring of (d) with w=3. Bar
masks are shown explicitly in (f).



scanning, the original picture should be kept in a buffer
memory. When bars whose corresponding borders have different
gray levels overlap each other, the point value after
several éhanges becomes the final gray level. This is. the
only case in which the picture produced is affected by the
order in which points are inspected, and this is a very rare
case 1in practice. The method is basically a one-pass
procedure, so .that it is performed 1in a length of time

proportional to the number of points in the picture.
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Lo E004 TWi=JY. 255
CALL WRTIME (L1, 35, TWl. 282, IWL, JF. 14. Y 1FFF . 0. T5T)
2004 CONT INUE
EOTO 13

e .
CAall, WRTTXT(L1- 10210 0H- 1 1oI00L Y 0R7 . TET)
END )
SUBROUTINE MEGA (IV. IX: IY. TCODE)
INT oDl R
INTEGER+Z IF. JF fIXFL(l)«PP,CH
COMMON TR (S50, 2547 - JFR (250 284 » THIZ20) - KPR (250, 238460
SR IX.IYY (=1IV) l: MESATIVE-TSOLATED-PIXEL (NIF) OR NOT.
S0, JF(IX- 1YY 15 SET AND DISFLAYED IN BLUE+1.
[=Y*110° ’
U=TF(IXIY-1)-1¥~1
=P {IX-1¥Y+1)~IV~1
L=IF(IX-1-TIY)~-IV-I
R=lF{IX+1. IY)-IV~I
TF(ULER. O LAND. DLEG.O JANMD. L.ER.O JAND, ROEB.OG) GEITD 10
ICONE=0
FETURR

o 1HF6

10 ICOHE=]
FIXEL (1) = (IV/284+ 1) %258
[ MNIF I3 FOLNDHBLUE) ...
JPCIX IV =P IXEL (1)
CALL WRTIME(1L . IX+33@1¥—131X+32311 -1 FIXEL. 1# YOLFFF® 0. 18T
RETURM




B9 ERI
Yy SUBROUTINE BORCHE CIW. JX. Y. TODDE)
INTEGER+2 IF.JF.CH.ERP . :
3 COMMON TP (250 2346) - JP (250, 2386) » CHO20) - EP (250, 2356
H400 COIDDDE=1f S3aME BORDER FOUNDL  O35FAIL.  -—1: IMAGE FRAME-OUT.
401 IFCIXL LT3 JOR. JIXGET.245) HOTOD 10
402 IFIY LT3 J0OR. JIYLET.224) GEOTO 10
4073 JI=TRCIK I
4044 ITFOIILET. O JANDL JILT.Y 0010y GOTO 20
405 B0 ICODE=OD
405 RETLIRM
4037 20 IF (I GNE. JW) BOTO S0
4= TC0O0E =1
407 RETURM
410 10 ICOUE=~1
411 RETLURN
412 EN{
413 SUBROUTINE HOMOHE (IW. [X. IY. [0 EURT . THOM)
414 INTEGER+Z TR JF. CH. K
415 LOMMON TP (250, A JF(ES0. 284 » TH(20) S EP (G50, 284)
O FROM O (IXL 1Y) s DIR=ID. NI, UF FIXELS=KUIRI.
THOM=O ALL THE SaME T TW.
~1ehAll, THE SAME T IW-1.
: 18 OTHERS,
ple) TWW=TW=-Y" 1107
41 AR =KILIRT
4z TFOIFOIX-IYy WER. IWy GOTo 10
423 IFCIPOIX- 1Y) LER. TWW &GOTO 20
44 &0 THOM=1
425 RETLIRKM
IR
427 10 TOHE=IW
4w FLRT =k IR -1
429 THOM=0
SEZ0 SEOT0 B0
S0 TCHE=TWW

432 THOM= -1
433 HOTO RO

434 [

NSNS
R ot et
EER R o
D ]

oY
i3]
—
.

2 B
S
- 0

s

F0OIF(IDLLT. L JOR. IDLGET.S) PAUSE *HOMOHE ERF. .7
GOTO (B1.32, 83,34, 35, ¢ EFLERY L ID
F1IF(IX-KIURT LT, 1) 80TO &0
TN =1
INY=0
EOTO 40
A2 OIFCIAHELRT JET. 250) S0T0 &40
InYs=1
TOY=0
GUITO 40
FR OIFCIY-EURI LLT. 1) SOTO A0
TDX =0
I10Y=—1
GEUATO 40
34 IFAIY+EURT J@T. 23460 GEO0TO A0
I0X=0
nY=1
EHOTO 40
JE OIF(IX-MURT.LT. L JOR. IY-REURIVET. 2240 G0OTO &0
IDx=-1
10Y=1
EOTO 40
3o O IF(IXHRURTILET. 250 J0R. IYV-KURILLT.L1)Y GEOTO &0
ITiK=1
I0Y=—1
GOTO 40
F7 IF(IX-FURI.LT. D 0OR. IY-EURIJLT.1) EOTO A0

— 25 —



I =1
IoY=—1
EOTO 40
T IR (IX+EURILET. 250 JOR, IYV+RURILGET.234) GOTO &0
InE=1
10y=1
HATO 40

40 CONT IRNUE
IXW==IX
IYW=1Y
oo 50 Ik=1.kKURI-1
IXW=T X+ 10X
TYW=IYW+1DY
TF (IoHE JEG. TP CIXW. TYW) ) Eov 50
THOM=1
S0 CUNT DNUE
EURI=ART
RETLIRN
END
SURROUT IME ORTHOMCIW: TX. TY. I0. KLURT . THOM)
INTEGER+Z IF..JF.CH.EF
COMMON TR (ES0, 236) 2 JF (250, 234) » CH(20) - KF (250, 234)
COFROM O (IX. 1YY, DIR=ID. N3, OF PIXELZ=KURI.
o IHOM=0all THE SAME TO IW.
(. ~13ALL THE ZAME TO [W-1.
i 13 0THERS,
- WRITE (S, 1000 Tl IX- IVs ID KURY - [HUIM
S1000 FORMAT (¢ «ORTHIM * - &T5)
TWW=TW-Y" 1107
EART=FURT
TFCIF(IX.IY)Y SJEG. IWy S07Td 10
IF(IPCIXLTY) LERL IWW) S0TO 20
&0 THOM==1
r WRITE (5, 1002)  ITHOM
CIO0R FORMAT (0 RETURN-GRTHOM. #, %% 2 T3
RETIIRN

[
10 [CHE=TW
T HOM=C
HOTO B0
FO TCHE=TWW
THOM=~1

EHOTO 20

20 OIF(IDLLT. 1 OR. IDLGGET.2) PAUSE P HOMOHE ERR..®
HOTO (B1.32 2 B4 B, BLLE7LEE) L 1IN0
F1 OIFCIX-EURT JLT. 1) E0TO A0
IX=~1
DY =0
HAT0 40
IR (IX+EURT LET. 250) G0Td &0
ITIX=1
T =0
EOTG 40
AR OIF(IY—EURT JLT. 1) E27TO A0
o T =0
519 Toy=-—1
GHOTO 40 .
A4 OIF(IY+EURI LET. 284) G0TO &0
TLK =0
I0Y=1
=HOTO 40
28 [F(IX-KURILLT.1 OR. IY+EURI.ET.234) GOTO &0
TDX=-1
IDY=1




Sz BOTO 40
59 IF (IX+EURTLET. 250 LOR. IY=KURILLT.1) BO0TO 40
SO 10X=1

ix

531 1DY=-1
b T 40

533 37 IFCIX-RURILLT.1 JOR. IY~KURILLT.1) SOTO 40

=34 IDX=m1

535 [DYs=—1

=3 BOTL 40

537 32 IF CIX+HURTLET. 250 LOR. IY+KURILET.234) GOTO 40
SEE IDX=1

10Y=1
HOTO 40

Ci
4C CUINT LMUE
ITXW=T X
IYW=1Y
OO0 50 IE=1,KIRI~1
IXW=IXW+IDX
IYW=TYW--T10Y .
IF CITCHE JES. TR OIXW. IYW: ) GOTO 50
THOM=1
SO DONT ITNUE
ELURI=kART
™ WRITE (5. 1001) [HUM
C1001 FORMAT (f RETURN=ORTHOM. & oy . L IED
RETLRN
ENI
SUBROUTINE SCRMEL (IX JY- T EURI . TRAN)
INTEGER+Z IR JFCM. KPP
COFMON TF (250, 284 « JP 250 2860 2 CH 2O S EFP (250, 254)
e M WRITE (5. 1000 JX- 07 10 EURT . TRAN
a0 CLO00 FORMAT (" SCRMBL . 414.1110
el IF(RURT JEGL. O) FALSE *SCRMBL . ERREURI=0) 0.
bt Ma=2R IR
BaE NR=n 21
Sibd IF(IDLLT.L JOR. IDLGET.4) PAUSE *SCRMBL ERRL. .S
GOTO (111213145 .10
11 I0X=1
TY =0
HOTO 20
12 IDU=0
70 Toy=1
HOTO 20
13 TDX=1
TY=—1
EHOTD 20
14 TDX=1
10Y==1
EHOTO 20

3]
O~
2]

o O O
IRy s IR Iy

o

R R R R

20 EX=IX-FLR T+ T0X
HY=IY kLR L T LY
IOL=TIF CJX. Y ) +Y " 10007
JXW=IXHT DK
JY WY T
ToR=TF CIXW JYWY+Y " 1000
O 30 K=1.N2
FoX = X4 T 0X
EX=kY+10Y
CALL RANGEN (ITRAN. N3, IVAL)
IFOIVAL L LT. E) E0TO 31 _
IF (P (Y- RY)Y JBE. YT10007) GOTO 32
RS- REY =100

EOTO 32

Al CONTINLE




IF (P (EX-EY) JEE. Y71000%) S0TO 32
EP(EX. kY =ICR

Sgh 32 Akl WRTIME (L1, EX+32: EY =1, KX+32 EY-1. KF (X EY) 2 L& YT LIFFF T - 0. I5T)
ey A0 CONT INUE

S RETLIRN

597 ENI

AO0 COGENERATION OF RANDOM NUMBER IN A RANGE.
SUBROUTINE RANGEN (IX. IRANGE . IVAL?
IY=I X+E&S5EY

IFCIY) fonla

B Iy=(IY+2147453447) +1
& TW=IY/13

1X=1Y
IVAL=IW- ( ITW/ TRANGE ) + I RANGE
RETLIRN

ERNLQ
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