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= Image Enhancement

There is no single enhancement procedure which is best

Best one is that which best displays the features of interest
to the Analyst

Enhancement Procedures
Contrast stretching
Density slicing
Thresholding
Filtering techniques
Edge enhancement
Intensity, Hue, Saturation (IHS) images
Time composite images
Synergetic images
Non-image datasets
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Linear contrast stretch assigns new digital numbers to
an output image by assigning to the lowest and highest
DN in the input image values of 0 and 255
respectively in the output image and stretching all
intervening digital numbers accordingly
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Example

A histogram for a non-enhanced image is
shown in Figure 3.3. Calculate the output

The input range of 160 (200 — 40) is mapped
to an output range of 0-255. Therefore each
DNs in a contrast-stretched image for che
input values 60, 80 and 200

input unit is equivalent to 255/160 output
units. The value 40 (lowest) in the input range
is assigned a DN of zero (lowest) in the output,
therefore:

60 in the input is equal to
20 X (255/160) =32

Number of pels

80 in the input is equal to
40 X (255/160) = 64

200 in the inpuc is equal to
160 X (255/160) = 255.

Figure 3.3 Simplified frequency histogram for
use with in-text question.




- « Linear stretch does not take account of the number of pixels in each
Non-linear  ovon
« Over 85 per cent of the pixels are within the 0—30 range in the input
image but they are compressed into only 33 per cent of the output
« A histogram equalisation stretch, however, stretches the input data in
proportion to the population of the DN bins and thus provides a better

1 1 « Bimodal DN histogram and piecewise Stretch which
P I eceWI Se stretches different parts of the original histogram by

3 different amounts
L | near « Note how X-y has been compressed to x"-y"
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« Logarithmic Stretch Contrast

» Power-law Stretch
« Gaussian Stretch Stretchi ng

« Log stretch is greater for the low digital numbers (5 TM B5 Image
and 10) than for the high digital numbers (220 and 225).
It preferentially screeches the dark parts of the scene
« Power-law stretch has the opposite effect. It will
preferentially stretch the brighter parts of the scene
Unstretched Landsat TM 5

DN image of Co. Mayo, Ireland,
’ ' that provides very little

information to the human

5 . 125 > eye
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o - Histogram equalisation
Dlﬁerence 875 — / stretched versions of TM 5

image which allow a much
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A computer can use the equation to calculate the
|_ (0]0} k u p Tab I e digital numbers in a stretched image
However, it may take long time.
+ A 60 X 60 km multispectral SPOT image would require

Density Slicing Look-up Table

Introducing color to a single-band
image

new DN to be calculated for 27 million pixels.
Assuming 500,000 arithmetic operations a second, this
— procedure would take nearly four minutes
Look-up table for determining However, this procedure can be speeded up greatly by
output DN for every input DN the use of look-up tables

Density sliced image shows much
more clarity than the black and white

LOOK-UP TABLE

Input DN Output DN
A on graph —>» 20 )

21 3

22 6

9

B ongraph —>»

Graphical representation of look-up table

- Threshold can be applied to an image to isolate a feature
Th reS h O I d | n g represented by specific range of DNs.
To calculate the area of lakes, DNs not representing
water are a distraction
Highest DN for water is 35 and is used as the threshold
All DNs > 35 are assigned 255 (saturated to white);
DNs<=35 are assigned zero (black)
The lakes are much more prominent in the image after
TM Band 4 Image thresholding

3 g If a vertical or horizontal section is taken across a
F | Ite rl ng digital image and the DNs plotted against distance, a

complex curve is produced

TeCh ni q ues An examination of this curve would show sections

where the gradients are low, correspond with smooth
tonal variations on the image and sections where the
gradients are high, are where the digital number values
change by large amounts over short distances

Filtering is a process Complex wave

that selectively

enhances or

suppresses particular

wavelengths within

image

Two approaches to

digitally filtering data
Convolution - —
filtering in th " ~~
spatial domain
Fourier analysis in
the frequency
domain

Low-frequency Medium-frequency High-frequency
componer component component

>

Convolution Filteri Convolution Filters

Afilter is a regular array or matrix of Original DN

numbers which, using simple arithmetic [EEFEPEREESTaEr P )

operations, allows the formation of a 20|24 10 22 1|1 10 Apply filter Edges are generally formed by
C:me';"ggse%ﬁgsg’]"{%ge ’:;’zl‘t’s'ﬁme pryprprarati IS R RN : - long linear features such as
arithmetic operations 21/96 30 28 1614 10— 1 1|1 iﬂi?ﬁg&i{.’lﬁ‘ Ridges, Rivers, Roads,

The convolution matrix in the example  TECIEIARIAK K e Railways, Canals, Folds, Faults.
isa3_><35qualre Tuughdrimanr?um 44|50|28|14 13|13 11 I el [‘ 1 A Edges are important to
matrices can also be used but they must  EERGIRaIES TS alo[1] Tolofo ) N eologists and Civil Engineers
contain an odd number of rows and ‘ - Prewitt gradient = fx + y* g 9 9
columns el 1

The matrix is initially positioned in the st applcation of fiter x o Pty

top left corner of the image and a new 18[20[17]19 18 13 9 000 00 00

digital number calculated for the pixel ol 1922 1411 10 0 23 2017 12| 0 M

covered by the central matrix cell (row 2ls2 (20|27 19 0 & o EN 2818 70 et il

2, column 2) 2|0 | o Sobel= [x* +y*

! . " 2136 30 28 16|14 10 0 3030 2216 11 0 1

The matrix (also called Filter or Kernel) 30l42817 10| 7] 7 o aala0 2015 1] o a0 ‘ 1 ‘ a2 |

is then passed through the image data —

set by Shlf[lng one column and the same 44 50 28 14 13/13 1 0 3933 2317 14| 0 Sobel

calculation is performed and a new DN 43]46] 44|33 25|21/ 16 0j0joiojo 0j0

applied to the pixel in row 2, column 3 Filtersd Image

Averaging filter reduces the effects of B replaceby a s |a Laplacian edge enhanced

the noise component of an image [(18 X 1)+ (20 X 1)+ (17 X 1)+ (20 X 1) + (24 X 1) r 5

N . h 4

Filtering decreases the size of image LX)+ @ X 1) +@x 1)+ @9 x 1]/9 oyl




Effects of Filtering

(Low Pass)

& Original Image

11x11
(Low Pass)

¥y A h‘
Mean

High Pass Filtered Image
(3x3)

Edge Enhancement
Non Directional
Filters - Laplacian

Edge Enhancement
Non Directional
Filters - Laplacian

40[40[40]40] 3535 [35] 20] 20 a0 [a0[a0[ a0 a0 [45 [ 5 45] a5
[o]=1To] [«o]e][e0]a0 3525 [35]a0 | a0]a0 40| 20[ 40|20 a5 |45 |45 | a5
1] 4 [-1] Agao]eoflao]a03s] 35 |35 [ 40|40 [0 [40 [40[ 40|40 [a5 |5 a5 | 454 §

[ol-1To] [aol+0]leo a0 ]as][3s [5 [40 a0 [a0 |40 40| w0[40 |5 |5 [e5 | a5

40]40]40]40]35] a5 [as[40] a0[ a0 [eo[ a0 w0 a0 a5 es s 25
ad et
[o]-To] [eofe]f0 (35 35]35]40]20[40 [s0[20|«0[a0]s5 |45 |a5 |5
-1 a]-1] Aga0]4o]lac]40[3s]|3s 35 40| 40 a0 [40[40[40 a0 45 a5 | 25|45 B
[of-1To] [aol40]leo 20 ]3s][3s [35 [40 a0 40 |40 [40[0[40 [45 |5 |5 | a5

Laplacian filter is a kernel with a
high central value, 0 at each
corner and -1 at the center of the
edge.

Laplacian filter is placed over 3x3
array of original pixels and each
pixel is multiplied by the
corresponding value in the kernel.
The nine resulting values are
summed (4 of them are zeros)
Resulting kernel value is
combined with the central pixel of
3x3 array and this number
replaces the original DN of

central pixel and the process is
repeated.
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Original data has a regional
background value of 40 that is
intersected by a darker, north
trending lineament of 3 pixels
wide and DN value is 35.
Contrast ratio between the
lineament and background is
40/35 or 1.14. In the enhanced
profile it is 45/30 or 1.50 which is

good (32% enhancement).

In addition, lineament in the
original was 3 pixels wide
whereas in the enhanced image, it
is 5 pixels which further enhances
its appearance.

Weighted Filter (<1 to diminish;
>1 to accentuate the effect of
filter)

No enhancement of linear features
in the direction of movement of
kernel
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o 1o N Assignment -2

Edge Enhancement: s

o o B BDE
Directional Filters © e e
Place the right filter kernel over the array of
original pixels and multiply each pixel by the
corresponding filter value. When these nine
values are summed, the filter result is 10. Ner
Determine the sine of the angle (sin -45°=-0.71) Jlie
and multiply this by the filter result (-0.71 x 10)
to give a filter value of -7.
Place the left filter kernel over the pixel array
and repeat the process; the resulting value is -7.
Sum the two filtered values (-14); this value
replaces the central pixel in the array of the
original data. When steps 1 through 4 are
applied to the entire pixel array, the resulting
filtered values are those shown in the array and
profile of Figure C.
The filtered values for each pixel are then e
combined with the original value of the pixel to olalolz]z
produce the array and profile of Figure D. <] 5032 28] 20
Contrast ratio of lineament in the original data BEBORE
(40/35=1.14) is increased in the enhanced data 32|26 |21) 27| 3598
set to 1.90 (40/21) which is an enhancement of 2621 (27|35|35 e ©
67% {100*(1.90-1.14)/1.14} 20| 21| 27| 3] 55| =5 S or
Lineament width: 1 pixel to 4 pixels O SN OF ORIGINAL DATA AND KERNEL VALUES L
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