DIGITAL IMAGE

Introduction — 5| §§ 25| ®
Digital image data are wsually the remotely sensed data, and as such, (he daty - §1§ N sg % g
processing in remote sensing is referred as digital image processing (DIP). The pip E a §§ 8| s
consists in the application of algorithms on digital images to process, analyse and © I £
extract information of interest by manipulation and interpretation of the image;, SER. S E
The digital image processing is usually done using raster data structure—each r [ i ) E
image is tredted as an amay of values, Since it is easy to find and locate pixels 2 |l % | |2_ § % &
and their values, these can be manipulated easily by image processing system, E E | ég g E - =
Although, there are many possible forms of digital image manipulation image E | | @ | et 3 2% g 3
rectification (preprocessing), image enhancement. image transformation and image =l E E‘ = E L= "g
classification are some of the common features. After the completion of the gE o = u &
preprocessing, the analyst may use feature extraction” to reduce the dimensionality £ | g i 1 3 i
of the data. Steps involved in digital image processing are presented in Fig. 7.1, z — ; @

The raw data received from the imaging sensors, on the satellite plutforms, 8 c | o __,—'
contain flaws and deficiencies and, therefore, needs processing, to get the originality € °§ f? 5% E% 8
of the data. The steps involved may vary from image to image depending on the - g.g g':,s g % EE g
type of image format, initial condition of the image, composition of the image, —1 EE | —EE . Fa €
and the information of interest, The image analyst examines the images to identify = % y = i
objects and judge their significance through feature extraction, segmentation and =
classification. —

By studying the remotely sensed data, the analyst logically detects, identifies, 5 ™
classifies, measures and evaluates the significance of (he objects, their patterns E E \
and spatial distributions. The ultimate aim of Dp i5 10 extract information from € E
a digital image that is not readily apparent or available in its original form. For EE
effective DIP the data must be originally recorded digital data, stored in digital v
data storage device (e.g., hard disc, CD, DVD, etc.), and 4 computer, referred 10 %N
as an image analysis system, with necessary hardware ang software to process the =
fh“' The ‘sco]:{epf lhc book does “P‘ permit to get into the complex mathematics
involved in digital image processing, However, principles behind the process i 9
are explained for in-depth understanding. Feature extraction is the process of s et
isolating the most useful components of the data, discarding the errors, for the gy S, ¥p98 ﬂ,
further study. It reduces the number of varigblas 10 be examined thereby saving 2SN ) ; :‘1
time and resources. In a multispectral data, the feature extraction helps to portray : ' e 3 B
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of the image by enhancing the muimh

ﬁ‘m :.1:::: individual bands or combinalion of band valyey y, "

i H i fati ithin the scene; feq Sy
information concerning systematic variation Wi e; feature ¢y,
:;nkl nnlnbe got c:.fsuwd with the geographical features visible o ,,,:".‘“h
Once the feature extraction is over the analyst ean work with the image cop, iy
of desired channels or bands.

7.1 IMAGE RECTIFICATION AND RESTORATION

This operation is often termed as preprocessing since it nnn-nally. precedes |

manipulation and snalysis of the image data (o ::ti:ilrl specific i“fﬂmm'm
Distortions or degradations in the image stem from the image acquisition proge,,
Therefore, the aim of image rectification and restoration is 10 correct the

data and is accomplished by offsetting problems with the band data by recalculating
the DN values. The factors that affect are the digital image acquisition Ipe—
digital comera, along-track scanner, scross-track scanner; platform—airbarne ,
satellite; and total field of view. The preprocessing operation altempts 10 comeg
or compensate the remotely sensed duta for errors such as radiometric erme—
removal of sensor or atmospheric hoise to represent ground conditions more
accurately, ic., to improve image fidelity by comecting or dala Joss, femoving
haze; and then geometric distortions—converting data to ground coordinmes by
removal of distortions from sensor peometry, enibling mapping relative 1o data
Inym.nﬂnnc the emmors are removed, the data is said 1o be restored 1 its origina
condition; the correct values are mever known. Further, the atterpt 1 corea

the datn may itself introduce errors. However, all these comections might et

be required in every case and will d upon the nature of jon to be
dmbngng depend upo nature of information to

7.1.1 Radiometric Corrections
When the image data contains emors in the meas
: res sured brightness values of the
pixels, it limits the ability of (he analyst 10 vi i vel
o st B e visually interpret or qum!nr.nlit Y

:lﬂ'ﬂﬂlllﬂ:: BT i il |rlf:smi_uiun and recording. Cnnsrumml'y‘ the
&;&T band than that in 2 ground scene and (i) distortion of the relaif®
8 uu:inslcmd_ﬁum band to band compared with spectral reflectance

of the comesponding region of the ground,

I, I:ll"'“'el‘—'l"l'-'- becomes necessary 1o

response o within a sensor has rvilineal
“ﬁlﬂcelndhﬂumm.hdimalsmnfﬁ:::mld
point on surface, whereas backscatter i

. . _—-'-"‘-—-u_.____‘_-
/;,musmwmwmmmm

Wtﬂ

s coril

calbrati®® mppffmfﬂl‘ﬁ'f correclion.

incar 10 3 linear response (Fig. 7.2), Further, since the o

5
ication of
B treatm

Mwmspong is known, it can be used 1o lﬂmrumﬂﬁ““*hau

utpat from
are measured in laboratory mmmmm:m
corpection the response remains slightly curvilinear ang g,

ent. This is known as nominal correction. The desecsoq Pequire

of noise correction, de-siriping, and ine-drop m";’::

nown 83
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\. Noise correction: Any unwanted disturbance in image data that 'n'::
limitations in the sensing. signal digitisation, or data mgw

as image noise. Noise can cither degrade or totally mask e
information content of a digital image. Noise can be syste

random,
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Radiometric correction

ixcls i are classed
in their DN from those of adjacent pixcls in the affected band, they

% random noise. The random noise problem uchu;tﬂmﬂh_l!hm
variations in grey levels from pixel to pixel called kit errofs.

. .-
or 2 combination of both. When odd pixels have a marked ﬂﬂml

valoes

; sty
normally change much more abruptly than true image valucs. P'udnh':. spurious
DN can be replaced with the average value of lhe ll:ighbﬂlltmﬂ undumﬁllﬂﬂﬂ
a‘mhh“mmdsm‘winduwunrltSursxSpmhuWﬂﬂ)’

Procedures (Fig, 7.3).
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2. De-striping: When a detector goes out of ﬂijﬂﬂmm
X

as line striping or banding (Fig. 7.4), occurs. The error js duo 1. Nt
or malfunctioning of a detector. This was a common probjes, 19 Periggi "
MSS data due 1o different drifts with time of the six MSS gog” " Lug !
different brightness by each detector. A systematic horizontal band: "3l
images produced by electro-mechanical scanners result in g l'tpcamg F““Ern,:
lines with consistently high or low DNs. Striping may -
data recording and transmission.

The de-striping process consists in constructing histograms of the
band for each detector and caleulating the mean and standland dhevint Py
histogram. In case, if these statistical parameters come out to b m;ﬂ for ey
are made equal to the mean and standard deviation value of (he mﬂ?’ﬁ’
Apphlication of the de-striping correction enhunces the visug) Appearance
interpretability of the image. -
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De-striping (line striping)
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Some detectors generate noise which is a function of the relative
gain/offset differences of the detectors within a band which results in banding. Such errors
can be corrected using a histogram based approach. For example, a histogram for each
detector in each band can be produced. Assuming that each detector has sensed a
representative sample of all the surface classes within the scene, each of the histograms will
be similar (i.e., have the same mean and standard deviation) if the detectors are matched and
calibrated. However, even if one detector is no longer producing data readings consistent
with the other detectors, its histogram will be different. An average histogram can be
generated by using the DN values from all the detectors except the faulty detector. The DN
produced by all the detectors get altered so that their histograms are then made to match the
average one. When this procedure is completed, the imbalance between the detectors is
eliminated and the image is said to have been de-striped. This procedure changes the DN for
all the lines, though the relative change for the properly functioning detectors is less when
compared to systems having more detectors. A defective detector on the Landsat MSS forms
one-sixth of the input to the average histogram whereas a defective detector for a reflected
TM band contributed only one —sixteenth of the input to the average histogram. Fig. 2 show
the histograms of each detector that tries to visually depict the line banding effect in detector

4. Fig. 3 shows the corrected histogram for the faulty detector 4.
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Figure 2: Histogram of each detector of a hypothetical band

Corrected histogram for Detector 4
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Figure 3: Line banding corrections
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@Um-dmp outs: When a detector malfunctions completely er temporarily, a stnn
of adjacent pixels in a scan line may contain defective data (spurious DN value)
creating a horizontal streak, or miss a partial or complete line. The correctios
process consists in replacing the drop-out line (if only one line) by the aversg®
of the immediate preceding and next neighbouring lines. In case of two lost lines
the first lost line is replaced by the preceding line and the second last line by
the subsequent line. When three lines are lost, the outer two fines are treated ®
above and the middic line is recovered by averaging the 1wo outer recovered e

Recovery of three Jost lines is the limit of the correction to be affected. Line-drop
outs are also an example of systematic noise,

This error results in transverse scanning systems when out of the
multiple detectors used, 1 or 2 fails to function properly. Satellites like Landsat MSS has 6
detectors of which sometimes even if one detector fails to function properly, this results in
zero DN recorded for every pixel during corresponding scan lines. Such images will be

smeared with black lines.

[ Reamote Sansing Syﬂnﬂ
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Figure 1: Sequence of lines read by detectors in Transverse scanning system

There is no exact methodology to restore the DN values of such images. However, to
improve the interpretability of such images, sometimes average of preceding and succeeding
lines of DN are used as corrected DN values. The justification of this procedure stems from

the geographical continuity of terrain
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Atmospheric Corrections
The DN measured or registered by a sensor is composed of two components. One is the
actual radiance of the pixel which we wish to record, another is the atmospheric component.
The magnitude of radiance leaving ground is attenuated by atmospheric absorption and the
directional properties are altered due to scattering. Other sources of errors are due to the
varying illumination geometry dependent on sun’s azimuth and elevation angles, ground
terrain. As the atmosphere properties vary from time to time, it becomes highly essential to
correct the radiance values for atmospheric effects. But due to the highly dynamic and
complex atmospheric system, it is practically not possible to understand fully the interactions
between atmospheric system and electromagnetic radiation. Fig. 4 shows schematically the

DN measured by a remote sensing sensor

Measured DN = DN (surface) + atmospheric component

Scattering (which l Absorption (which
tends lo increase | tends lo decrease
measured DN, l measured DN,
especially at short | espacially at
visible wavelengths) ; infrared wavelengths)
Saidlhsrshm
Scattering Scattering

Figure 4: Atmospheric correction to DN measured by remote sensing sensors
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lative to the : Pk . ! wi
> 5'f2ﬂr:ng:n are normalised by calculnlmg pixel hﬂghmm“ i
“mmxnnl:“m a1 the zenith on each date of sensing. The cmm:tm? rlied y
fhe sun h pixel value in @ scene by the sine of the solar elevation anle'f

ﬁﬂ;ﬁkﬁm timing and location of imaging (Fig- 7.3)
:

I[m Effects of seasonal dmn;rm;ﬂugm-ﬁmln,gﬂ

Earth-Sun Distance Correction The correction s applied 10 The m-:::
seasonal changes in the distance between the carth mddﬂtmn#m. Neglecting the
from the sun decreases as the square of the carth-sun

stmospheric effects, the combined influence of solar zenith angle fapmd
distance on the irradiance incident on the surfi of the carth can )

a4 .
E'ecosl
E= d 4
Where . e '
normalised solar imediance wl 2

E =
E° = solar .
6 = angle of sun from zenith ' i
d = canth-sun distance, in astronomical units
' The salur elevation angle and the earth-ren distance for a gplves.
bl | ancillary data supplied with the digital dosa ¥
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