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Abstract -Any image processing technique which s used to improve the appcariance of an image for human
perception or machine analysis should incorporate the characteristics of the human visual system One of the
miyor characteristies of the human visval system is the loganthnue response to hight intensity, which we have
attempied (o anclude in this paper. Some new algorithms for image enbancement, edge Jdetection and
smoothing have been deseribed and their resolts are presented. Only the edge detection technique 1s space-
vanant. All the techmques are simple and economical, and can be supphed to cach pixel wn parallel.
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L. INTRODUCTION

Image cnhancement 1s an attempt to improve the
appearance of an image for recognition or further
processing. Image quabty s studied in a varicty of
ways, depending on the type of the image. The various
methods used in image enhancement are rather loosely
structured. because in many casesitis dificuli to find a
umiversally acceprable  criterion for  optimisation.
However, attemplts have been made to study the prob-
fem 1 a systematic manner and the hterature on the
subject is rather rich.t' -2

Enhancemeni usually concerns contrast stretching,
smoothing, sharpening and psceudo-coloring. An off-
shoot of the process 1s edge or region detection and
segnentation. which is very useful in automatic
recognition and description of the picture. The tasks
are donc cither by frequency or spatial domain
techniques. The choice of technique depends mainly
on the problem and processing cost, convenience and
fidelity. The popular technique for contrast sirctching
1s histogram modtfication.!’ ¥ Smoothing and sharp-
ening are done, respectively, by low-pass and high-
pass [filtering in the frequency domain, while in-
tegration and differentiation arc the respective stan-
dard technigues in the spatial domain. Somelimes
referred 1o as spatial filters, the teehnigoes have
different variations, such as mean filter and median
filier. Standard deviation over a certain type of mask
has also been used.'* The differentiation in the discrele
domain has diflerent approximations, such as the
Robert gradient'®, and higher order differentiation,
also popular.

In almost all the ks stuted for enhiancement as
well as for cdyge detecnon and scgmentation, some
form of thresholding is necessury. The threshald
depends on the nuture of the picture and the kind of

such as Laplacian,
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enhancement to be done. Some optimum threshold-
ing are discussed in literature.® * [terative tech-
niques® '@ have better flexibility in man-machine
interaction. while multiple objective approaches**?
have greater versatility.

When the objective of enhancement is human or
machine recognition of objects in images. it is legi-
timale to expect in any lechnique the inclusion of a
component that takes care of the human visual
response.* ¥ '3 One of the major characteristics of the
human visual system is the logarithmic response to
light intensity that seems to be neglected in the
literature. The present work is an attempt to include it
in image processing problems.

The problems of contrast magnification, cdge de-
tection and noise smoothing have been formulated in
Section 11 In all cases the logarithmic response has
been included. While the histogram modification and
edge detection are non-statistical, statistical property
has been used in smoothing. The smoothing technique
is new and its apparent similarity to that in Nagao and
Matsuyama'®? can be discriminated by noting that
Nagao and Malsuyama is a special case of the present
method. The formulations can be used itcratively and
hierarchically and, hence, are flexible in man-machine
interaction. INustrative examples are given for cach
case in Scction 1H and the results are compared with
those obtained using existing standard methods.

Il. PROBLEM FORMULATION

The basis of the logarithmic response of the human
visunl system is that the visual detectability depends on
the ratio, rather than the difference, between intensities
1and ! + Al where Al is the just noticeable difference
in intensity. The response curve is reasonably linear
over the workable range. In the following subsections,
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the problems have been formulated using this

Froperty.

A. Histogram modification
Let the imaging sysliem be space-invariant. Then a
gray scale transformation must have the same form at
every position of the picture. The transfornwation,
expressed as a mapping
zZ' = &2)
from gray level Z to Z', can be used for histogram

modilication.
To incorporate human visual response we assume

the boundary conditions
GL
DL < Z; <

GH
DH

<Z =

where DL and DH are the respective lower and upper
limit of the dynamic range of discrete gray level
accepted in visual system. while GL and GH are the
respective lower and upper limit of the discrele gray
level present in the original image. Z, and Z; are the
intensities at the ith level in the original and transfor-
med images. It is assumed that both the old and new
gray scales are in the allowable range of gray levels, ie.
from the scolopic threshold to the glare limit. Assum-
ing / = Z;and I + Al = Z.,. wé may wrilc

é=é=“.-——--,z"'—=l( (say)
z, Z; Z.-
where m = GH — GL + 1. Then we get
KGU-aL — é" = Dﬂ‘
Z, DL
ie.
1
DH \ GH-aL*
K= (ﬁ)
From which it follows that
Z,-6L
, DH \ th-6t
Zi= D"(T)T) (1)

This simple gray scale transformation stretches and
shifts the gray scalc to occupy the full range [DH. DL]
and increases overall contrast. The transformation can
be used piecewise or uniformly. depending on the
problem in hand.

B. Edge detection

As s1aled carlier, edge detection can be done either
in the frequency domain or in the spatial domain. In
the folowing, we discuss a spatiat domain technique
vsing a derivative and incorporate visual charucteris-
tics into it."'* The general way of finding an cdge is
thresholding the derivative at the point in question.
Thus, a point (J. k) is an edge if

ViU ky =t

where V denotes the derivative of any order of gray
level £ at point (4. k) and ¢ denotes the threshold. If
fU. k) = Z, then, from equation (1), we have

Vf'U. kY = A log, B. B/ _9f(j. k) (2)

where f/° denotes the modified level at (j, k) and
- Ul
A= DL(QH\ GH-GL
DL

Gi-GL

8= (’?’1)
DL

From cquation (2) il is seen that the edges obtained

aflter gray level stretching are the same as the edges

obtained before the stretching if the threshold 1 1n the

former case is

1= A log,B.B/YM 1. (3)

Hence 1 1s not space-invariant. Equation (3) sugpests
that the general form of a threshold function should be

1. k) = aplth, (4)

so thal human visual response can be incorporated.
Herc a and f§ are positive quantities. lFor fi = 1,
cquation (4) gives a constant threshold. In peneral
A > 1 should be used to incorporate human yvisual
response. It can be seen that the method s neratve and
hierarchical.

C. Smoothing

For smoothing, we lind a technique different from
the conventional mode or median filter. and in this
procedure the human visual response can be n-
corporated in the following manner. Consider blocks
A, B.C. D. E, F. G and H around the candidate pixel,
(. k) 1o be smoothed as in Fig. I. Find the average of
gray levels of pixels of these neighbourimg hlocks. Let
this be f,. Modifly /. the gray level of pixel (4. k). 1o/ such
that it has a component of rauo of dilference to fy, —~ f
tof. which is similar to Af/I in human visual response.

Thus let
rer(- )

where 0 <y < | is a weighting factor. This allows
reasonable flexibility in a picture for adaptation. On
simplification, cquation (5) takes the form

=0 =+ vk
which is nothing but the weighted average of fand f,.
and can also be expressed by proper choice of p and ¢
as

(5)
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Fig. 1. Neighboring blocks surrounding candidate pixel.

Let the blocks A, B, C, Detc. becalled b i = 1,2,....8
and let the average of gray levels of pixels within and on
the boundary of b, be . then we can write

X
= _n + _"‘[L (6)
p+Zq p+XIgq
Now. f, is given by
nu — f
So = a4
n—1
where (1 — 1) is the number of pixels in block b, and y,

is the average. including the candidate pixel (j. k). gray
level.

From (6) and (7) we obtain

,_ o
4 P+ Xg,

P+ Lgq

or

1 Tq, n Zquwy,
P - —— | (8
/ p+Zq,[p ,,__]Jf+n—l|:p+2q,] ®

Ifwe put, p = ZF and ¢, = (n — 1) F7 in (8), then

/,=Z(F? X [)

TF7
where, F, is new weighling cocfficient.

The basic idea of the present method is to consider
the arca consisung of pixels within and on a triangular
mask around the pixe! to be smoothed. The procedure
follows the following steps.

[4] A iriangular mask is rotated around the can-
didate pixel fij. k) and for cach ol the 8 positions of the
mask the mean 1, and variance o, of the gray levels in
the mask are calculated (Fig. 2).

[b] A weighiing cocflicient is defined as

min {o,}
Fi=—+—— 9
a,
and the gray level /°(j, k) of the smoothed image is given
by

L] L]
SUKy= S AFru) Y FT (10)
=1 1=l
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where m is a non-ncgative quantity.

It can be seen that the procedure works in various
ways, depending on the value of m. For m = 0, the gray
level of the smoothed image becomes

a
SUoky =% ny8

which isvery similar to unweighted ordinary averaging
technique. As the value of m increases. the effects of the
mean gray level of the region with higher non-
homogencity decreases. Also. as m — ». the technique
approaches towards that of Nagao and Matsuyama'®!
which gives the candidate pixel the mean gray level of
the region with least variance Pracucally, for m > 16
the candidate pixel (4. k) autains a gray level almost
equal to that of the region with highest homogeneity.
Clearly. the approach can operate with a wide range of
quahty, can bc iterated quickly and has great
fexibility.

111. RESULTS AND DISCUSSION

The algorithms have been simulated 1n a general
purpose EC 1033 computer in the Fortran Language
and tesied on a set of pictures The pictures are of size
64 x 64 and cach pixel hax been digitised into 32 gray
levels. Both the input and output hard copy of the
pictures was generated in the computer line printer
using overprinting facility because a better hard copy
instrument was unavailable.

The method of histogram modification described in
Scction TIA is a nonlincar histogram stretching tech-
nique including human visual response. igure 3(a)
shows some objects in the original picture. Figs. 3(b),
3(c) and }d) are the results of nonhnear and linear
histogram stretching and histogram cqualization, re-
spectively of Fig. 3(a). Although image quality is
subjective, it can be seen that the present method is
better than other methods for a class of pictures.

Figure 4(a) has been used for edge detection by the
approach given in Scction 1IB. The edges for some
particular valucs of a and f# arc given 1n 4{b){i) and
4(c)(i). using Roberts average magnitude and 2 x 2
Hucckel opcrators, respectively. Figures 4(b)ii) and
4(c)ii) show the edges for the respective operators
using a space-invariant constant threshold. Here o and
f# can be adjusted by a tria}l and crror appronch.
However, the procedurce converges more quickly if a
gradient histogram and/or approximate values of a



Fig. 3.t0) Onginalymage. (b) Enhanced image obtiained through logunthmic steetching (0) Enhanced image
obtained through linear stretching, (d) Enbanced image obtamed through histogram equializistion.

and f3 obtained from cqualtion (2) are used. Clearly. a
variable threshold leads to visually better edges of the
piclure.

To check the effectiveness of the smoothing ilgor-
ithm of Section I1C. we have applied this algorithm to
pictures corrupted with additive noise. The noise
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Fig. 4.(4) Original image of n JET. (b)(i) Edge of () using u Roberts gradient in
102 thiin) Ed
mugnitude-nverage sense and i space-imviriant threshold. (2)0) Edge of (o) usn
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picture and its smoothed version obtatned through the
use of the aforesaid smoothiny algorithm are shownin
Figs. Sta)and S(b). respectvely The Nuctuaton in gray
levels gradually reduced by severaliterations, which s
an indication of convergence. Both 1he effectneness
and efliciency of a neighbour-weightung method de-
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Fig. S. (a) Original noisy image. (b) Smoothed version of (a) using m = 16 after 10 iterations. (c) Result of
mean filtering over (a). (d) Result of median filtering over (a).

pends on the size of the neighborhood considered. A
larger neighborhood (as well as mask) gives better
estimation, but it leads to more computation and
estimation problems at the extremes of the picture. A
compromisc approach is to usc a small mask and to
iterale for better estimation. Figures S(c)and 5(d)show
the resuits of mean and median filtering applied to the
same noisy piclure. It can be seen rom Fig. 5(c) that
mean filtering blurs the edges during smoothing. Also,
a comparative study of Fig. 5(b) and 5(d) shows that
the picture edge sharpness is better with our method.

V. CONCLUSION

All of the techniques discussed in this paper satisfy
some important visual fidelity criteria. Enhancement
and smoothing techniques improve the appearance of
the picture to a human observer. The smoothing tech-
nique can also be uscd to extract regions with aimost
uniform intensity, even in complex picture. The results
[Fig. 4] show that the proper selection of paramcters
may give near optimum cdges using the proposed
algorithm for cdge detection. The described algor-
ithms can be implemented iteratively and hierarchic-
ally and, hence, arec fexible in man-machine
interaction.

SUMMARY

Digital image processing techniques have two prin-

cipal application areas: the first is to improve the
appearance of the image for human perception or
subsequent machine analysis and the second is auto-
matic machine recognition of a given image. As human
beings are the supreme judge of the subjective quality,
as well as the description or recognition algorithms
developed on the basis of human intelligence, all the
techniques for image processing should incorporate
the characteristics of the human visual system. How-
ever, this idea scems to be neglected in most of the
Iiterature. The present work is an attempt to include it
in image processing problems.

Onc of the major characteristics of the human visual
system is the logarithmic response to light intensity
incident on the eyes, which states that the visual
deteclibility depends on the ratio, rather than just the
difference, between intensities [ and 7 + Al, where Al
is the just noticeable difference in the intensity. We
have used this concept to formulate all threec image
processing algorithms, for enhancemcnt, cdge de-
tection and noisec smoothing.

Experimental results for each of the algorithms have
been given and their corresponding merits are dis-
cussed in the paper by comparing them with the results
obtained through the use of standard existing tech-
niques. It is shown that the present algorithms yield
visually better results in each case.
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