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IMAGE ENHANCEMENT TECHNIQUES FOR FROTH FLOTATION

Image enhancement aspect of filtering principle objective of Image enhancement is to process an image so that
result is more suitable than original image for specific application. Digital image enhancement techniques provide
a multitude of choices for improving the visual quality of froth images. Image filter is an explicit image filter, de-
rived from a local linear model, it generates the filtering output by considering the content of a guidance image,
which can be the input image itself or another different image. Here an overview of underlying concepts, along with

algorithms commonly used for image enhancement.
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The problem

The choice of attributes and the way they modified
are specific to a given task. Moreover, observer-specific
factors, such as the human visual system and the ob-
server's experience, will introduce a great deal of sub-
jectivity into the choice of image enhancement methods.

The purpose of the article

Improves the interpretability or perception of in-
formation in images for human viewers and providing
“better' input for vision system for froth flotation.

Introduction

Image enhancement improves the quality (clarity)
of images for human viewing [1]. It improves the inter-
pretability or perception of information in images for
human viewers and providing ‘better' input for vision
system for froth flotation. The choice of attributes and
the way they modified are specific to a given task.
Moreover, observer-specific factors, such as the human
visual system and the observer's experience, will intro-
duce a great deal of subjectivity into the choice of image
enhancement methods [2].

Many techniques can enhance a digital image
without spoiling it. The enhancement methods can
broadly be divided in to the following two categories:

1. Spatial Domain Methods

2. Frequency Domain Methods

In spatial domain techniques [3], directly deal with
the image pixels. The pixel values manipulated to achieve
desired enhancement. In frequency domain methods, the
image is first transferred in to frequency domain. It means
that, the Fourier Transform of the image computed first.
All the enhancement operations performed on the Fourier
transform of the image and then the Inverse Fourier trans-
former formed to get the resultant image. These enhance-
ment operations are performed in order to modify the im-

age brightness, contrast or the distribution of the grey lev-
els. As a consequence the pixel value (intensities) of the
output image will modify according to the transformation
function applied on the input values. Image enhancement is
applied in every field where images are ought to be under-
stood and analyzed. For example, medical image analysis,
analysis of images from satellites etc. Image enhancement
simply means, transforming an image f into image g using
T. Where T is the transformation, the values of pixels in
images f, and g denoted by r , and s, respectively. As
said, the pixel values r and s related by the expression,
s=T(r) . (1)
Where T is a transformation, that maps a pixel
value r into a pixel value s. The results of this transfor-
mation mapped into the grey scale range as are dealing
here only with grey scale digital images. So, the results
are mapped back into the range [0, L-1], where L=2k, k
being the number of bits in the image being considered.
Therefore, for instance, for an 8-bit image the range of
pixel values will be [0, 255].We will consider only gray
level images. The same theory can extended for the
color images too. A digital gray image can have pixel
values in the range of 0 to 255 (fig. 1).

Fig. 1. Showing the effect of Image Enhancement

Many different, often elementary and heuristic
methods [4] used to improve images in some sense. The
problem is, of course, not well defined, as there is no
objective measure for image quality. Here, discussed a
few recipes that have shown to be useful both for the
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human observer and/or for machine recognition. These
methods are very problem-oriented: a method that
works fine in one case may be completely inadequate
for another problem. In this paper basic image, en-
hancement techniques have discussed with their mathe-
matical understanding. This paper will provide an over-
view of underlying concepts, along with algorithms
commonly used for image enhancement. The paper fo-
cuses on spatial domain techniques for image enhance-
ment, with particular reference to point processing
methods, histogram processing.

Point Processing Operation

The simplest spatial domain operations occur when
the neighborhood is simply the pixel itself. In this case,
T referred to as a grey level transformation function or a
point processing operation (fig. 2). Point processing
operations take the form shown in equation (1).
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Fig. 2. Figure shows basic grey level transformations

Create Negative of an Image

The most basic and simple operation in digital im-
age processing is to compute the negative of an image.
The pixel gray values are inverted to compute the nega-
tive of an image. For example, if an image of size R x
C, where R represents number of rows and C represents
number of columns, is represented by I(r, ¢). The nega-
tive N(r, ¢) of image I(r, ¢) can computed as

N(r,c) =255-1(r,c¢), (2)
where 0 <=r<=Rand 0 <=c<=C.

It can be seen that every pixel value from the
original image is subtracted from the 255. The resultant
image becomes negative of the original image. Negative
images [5] are useful for enhancing white or grey detail
embedded in dark regions of the froth image (fig/3):

s =intensity . —T. 3)

Thresholding Transformations

Thresholding transformations [6] are particularly
useful for segmentation in which wanted to isolate an
object of interest from a background as shown in fig. 4.

Fig. 3. Note how much clearer the tissue
is in the negative image of the neck vertebrae

Fig. 4. Showing effect of Thresholding transformation
for isolating object of interest

_ 0.0, r < threshold;
11,0, r)threshold.

Intensity Transformation

s=T(r) s=T(r)
(| — : 1] !
AT~ N (GEN |
I I
I |
¥ I 3 !
3 | I A I
I 1 r | r
k" k
Dark =— Light Dark +=— Light

Logarithmic Transformations

The general form of the log transformation is
s=c*log(l1+r) 4)
The log transformation maps [7] a narrow range of
low input grey level values into a wider range of output
values. The inverse log transformation performs the
opposite transformation. Log functions are particularly
useful when the input grey level values may have an
extremely large range of values. In the following exam-
ple the Fourier transform of an image is put through a
log transform to reveal more detail (fig/ 5):
s =log(1+7). ()
Usually set ¢ to 1. Grey levels must be in range [0.0, 1.0].

B

Fig. 5. Example-showing effect
of Logarithmic transformation
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Powers-Law Transformations

h .
The n™ power and #n™ root curves shown in fig. a
can give by the expression,

s=cr’. 6)

This transformation function also called as gamma
correction [8]. For various values of vy, different levels
of enhancements can obtained. This technique quite
commonly called as Gamma Correction. If you notice,
different display monitors display images at different
intensities and clarity. That means, every monitor has
built-in gamma correction in it with certain gamma
ranges and so a good monitor automatically corrects all
the images displayed on it for the best contrast to give
user the best experience. The difference between the log
transformation function and the power-law functions is
that using the power-law function a family of possible
transformation curves can obtained just by varying the
A. These are the three basic image enhancement func-
tions, for grey scale images, that can applied easily for
any type of image, for better contrast, and highlighting.
Using the image negation formula given above, it is not
necessary for the results to be mapped into the grey
scale range [0, L-1]. Output of L-1-r automatically falls
in the range of [0, L-1]. However, for the Log and
Power-Law transformation s resulting values are often
quite distinctive, depending upon control parameters
like A and logarithmic scales. Therefore, the results of
these values should mapped back to the grey scale range
to get a meaningful output image. For example, Log
functions = ¢ log (1 +r) results in 0 and 2.41 for r vary-
ing between 0 and 255, keeping c=1. So, the range [0,
2.41] should mapped to [0, L-1] for getting a meaning-
ful image.

OUTPUT. For c=1, gamma value >1 %:
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Piecewise Linear
Transformation Functions

Rather than using a well-defined mathematical func-
tion can use arbitrary user-defined transforms {fig. 6).
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Fig. 6. The images below show a contrast stretching
linear transform to add contrast
to a poor quality froth image

Grey Level Slicing

Grey level slicing [9] is the spatial domain equiva-
lent to band-pass filtering. Either a grey level slicing
function can emphasize a group of intensities diminish
all others or it can emphasize a group of grey levels and
leave the rest alone. Example shown in the fig. 7.

Fig. 7. Showing example of Grey level slicing

Histogram Processing

The histogram of a digital image with intensity
levels in the range [0, L-1] is a discrete function
p(r,) =ny, where k™ intensity value, n, number of

pixcels in the image with intensity ry. Histograms fre-
quently normalized by the total number of pixels in the
image. Assuming an M *N image, a normalized histo-
gram p(r;) =ny /(MN),k =0,1,...L -1, related to prob-

ability of occurrence of ry in the image.

Histogram Equalization

Histogram equalization [10] is a common tech-
nique for enhancing the appearance of froth images.
Suppose have an image which is predominantly dark.
Then its histogram would be skewed towards the lower
end of the grey scale and all the image detail com-
pressed into the dark end of the histogram. If could
stretch out the grey levels at the dark end to produce
amore uniformly distributed histogram, then the image
would become much clearer (fig. 8).

L A 4?.‘:"-'”
SRR

Input histogram

Fig. 8. The original froth image and its histogram,
and the equalized versions

Histogram Matching

Histogram equalization [11] determines a transforma-
tion function seeking to produce an output image with a
uniform histogram. Another method is to generate an im-
age having a specified histogram is histogram matching.
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1. Find the histogram p,(r) of the input image and
determine it s equalization transformation

r
s=T()=(L-D[p,(w)dw. %
0
2. Use the specified pdf p.(r) of the output image
to obtain the transformation function:

z
G(z)=(L-D)[p,(t)dt=s. (8)
0

3. Find the inverse transformation z = G-1(s) — the

mapping from s to z:
z=G[TM]1=G"'(s). ©

4. Obtain the output image by equalizing the input
image first.

Then for each pixel in the equalized image, per-
form the inverse mapping to obtain the corresponding
pixel of the output image. Histogram matching enables
us to “match” the gray scale distribution in one image to
the grayscale distribution in another image (fig. 9).

Local Enhancement

Previous methods of histogram equalizations and
histogram matching are global. Local enhancement [12]

is used. Define square or rectangular neighborhood
(mask) and move the center from pixel to pixel. For
each neighborhood, calculate histogram of the points in
the neighborhood.

Input histogram
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Fig. 9. Showing histogram matching
different froth images

Obtain histogram equalization/specification func-
tion. Map gray level of pixel centered in neighborhood.
It can use new pixel values and previous histogram to
calculate next histogram (fig. 10).

[Output image (Local Enhancement H.)

.!' e, ¥ W

Fig. 10.(a) Original Image (b) Result of global histogram Equalization (c)
Result of Local histogram equalization using 7*7 neighborhood about each pixel

Use of Histogram Statistics
for Image Enhancement
Let the intensity in an image is represented by a
discrete r in [0, L-1] and let p (r;) is the normalized his-
togram — estimate of pdf for the intensity, with mean
value m. The n™ statistical moment is

Mo (1) = 270 (6~ m)" p(r)

For image intensities, a sample mean:

(10)

1 M-l Nz—l
m=—— £(x, ). (11)
MN (50 y=0
and sample variance:
5 1 M=IN- 5
ot =—— 3 > I[f(x,y)-m]~. (12)
MN 0 y=0

As previously, may specify global mean [13, 14]
and variance (for the entire image) and local mean and
variance for a specified sub-image (subset of pixels).

Input image

Output image(Histogram Equalization)

Output image (Local Enhancement H.)
e - ‘e .

Fig. 11. Showing example of using histogram statistics for froth image enhancement
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Conclusion

In vision systems for froth flotation process, image
enhancement algorithms offer a wide variety of ap-
proaches for modifying froth images to achieve visually
acceptable images.

The choice of such techniques is a function of the
specific task, froth image content, observer characteris-
tics, and viewing conditions. The point processing
methods are most primitive, yet essential image process-
ing operations and used primarily for contrast enhance-
ment. Image Negative is suited for enhancing white
detail embedded in dark regions and has applications in
froth flotation.

Power-law transformations are useful for general-
purpose contrast manipulation. For a dark image, an
expansion of gray levels accomplished using a power-
law transformation with a fractional exponent. Log
Transformation is Useful for enhancing details in the
darker regions of the image at the expense of detail in
the brighter regions the higher-level values. For a froth
image having a washed-out appearance, a compression
of gray levels obtained using a power-law transforma-
tion with y greater than 1.

The histogram of an image (i.e., a plot of the gray
level frequencies) provides important information re-
garding the contrast of an image. Histogram equaliza-
tion is a transformation that stretches the contrast by
redistributing the gray-level values uniformly. Only the
global histogram equalization can done completely
automatically. Although it has did not discuss the com-
putational cost of enhancement algorithms in this article
it may play a critical role in choosing an algorithm for
real-time applications.

Despite the effectiveness of each of these algo-
rithms when applied separately, in practice, one has to

devise a combination of such methods to achieve more

effective image enhancement.
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Penensent: 1-p TexH. Hayk, npod. B.M. Pynuunpkuii, Yep-
KacbKHi JiepxKaBHUII TeXHONOriuHM yHiBepeuTeT, Uepkacu.

METO[bI NOBLIWEHUA
KAYECTBA U3OBPAXEHUA ONA NEHHOU ®JIOTALIUU

Anb-JIxxanabu Axunp baxp Tapxan. JILA. IllyBanosa

ITogbluienus Kawecmea u300paxrcenus ¢ NOMOWbIo QUILMPAyUY, NPOU3BOOUMC MAKUM 00PA30M, 4MO pe3yabmam npe-
60CX00UM  OpUSUHAT U300padicenust Olsl KOHKpemHo2o npunodicenus. L{ugposoe nosviwenue kawecmsa uzodpasicenus, npedoc-
maensem MHONCECMBO BAPUAHMOS OISl YIAVHUEHUSL BUVATLHO2O Kadecmea uzoopasicenuti. Quabmp uz00padcenus aensiemcs
COCMAgHOLl 4acmvio Guibmpa uzo00paxdcenuss, npou3Bo0H020 OM JOKAILHOU TUHEHOU MOOenU, OH NOpodcOaem uibmpayuio
BHIXOOHBIX OAHHBIX, C NOMOWbIO PACCMOMPEHUsI COOEPIUCAHUS YKAZAHHO20 U300PAdICeHUsl, KOMOPOe CAMO MOodcem Oblmb 8X00-
HbLM u300padicenuem unu opyaum uzoopasicenuem. Ilpueedén 0630p 6a306bIx noHAmMuULl, HAPsOY C ANCOPUMMAMU, UCNONb3YeMbl-
MU Ol NOGbIUEHUS KAYeCmBa U300padiCeH .

Knrouesvie cnosa: Llughposas obpabomra uzobpasicenutl, hunompayust u300pasicenull, yayyuenue Kavecmsa uzo0paicetus.

METOOU NONINWEHHA
SAKOCTI 30BPAXEHHSA ANSA NIHHOT ®NOTALT

Anb-JIxxana6i Axin baxp Tapxan. JI.A. IllyBanosa

ITiosuwenns axocmi 300pasjicents 3a 00ONOMO2010 Qinbmpayii, NPOEOOUMbC MAKUM YUHOM, WO PE3VIbINAM NepesepuLye
opueinan 306padcenns Onsi KOHKpemnoz2o dooamka. Llugpoese niosuwenns sikocmi 306padicenns, naoac 6e3niy gapianmie Ois
noninuiennsl 8i3yanvHoi akocmi 300padsicetb. Qinomp 300padicents € cKiad08olo Yacmunolo ginbmpa 306paxicensl, noxioHoeo
610 IOKANLHOL NIHILIHOI MoOeni; 8iH NOpoOuCYE Pinbmpyeants 6UXIOHUX OAHUX, 3 OONOMO2O0I0 PO32IS0Y 3MICTY 3A3HAYEHO20 30-
bpadicenns, sike came modice Oymu xiOHuUM 300pasicenHsm abo inuwum 30opasicennsam. Haseoeno oansao 6azosux nonsmo, nopsao 3
ANOPUMMAMU, WO BUKOPUCTIOBYIOMbCS 015 NIOBUWEHHA AKOCIE 300PANCEHHS.

Kniouogi cnosa: Ljupposa 0o6podra 306pasicens, ginompayis 306padicens, nOnWenHs SKOCMI 300palCceHts.
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