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Types of Digital Images

The imxazes tvpes we il consider are: 1) binary, 2) srav-scale, 3) color,
and 4) mmltspectral

1. Binary imagzes

Binary nnzpes are the simplest type of Imagzes and can take on too
vahues, typically black and white, or {0 and 1. A bmary 1mape 15 referred
to 2= a 1-bit 1mape bacausa 1t takes only 1 binary dimt to represent each
pixel Theszsa types of images are frequently used 10 applications where the
only information required 15 generzl shape or cutline, for example optical
character recogmton (OCE).

Binary mages z1e often created from the grayv-scale i1mages via a
threzhold operation, where every pmel above the threshold vzlue 1= hamed
white (17}, and those belowr 1t are tumed black ('07). In the fimwre below,
we see examples of binary 1mages.

Hi";l:{lrlfﬂll'r. Enrkain campuaker
ProQrams wese wrikken us=sing
anmly Ten ©igits rather than
Taiar ga defing the applicaiila
vear, Acoordinghy, Ene
company's saftware may
rasognids O data using "c0”
as 1900 rather than the ywar
2anb.

() (e}

Fizore 1.1 Binary images. (3] Ubject cotlize. (&) Page of mxt wsed iz OCR applicatbon.

I Grayv-scale imazes

Grav-scale 1mages are referred to as menochrome {one-color) 1magzes.
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Thevy contain grayv-level information. no color iInformaton. The mumber
of bits used fior each pixel deterounes the mumber of different graw levels
avallable The tyvpical gray-scale mage contains Shats‘paxel data, whach
allowes us to have 256 different mav levels. The figure below showrs
examples of mrav-scale 1mapges.

Figore I Examples of gray-scals images

In apphications hke medical 1mapmz and astrononyy, 12 or 16 butsprxel
mmages are used. These extra grav levels become useful when a small
section of the mage 15 made much larger to discern details.

3, Color images

Color mmages can be modeled as three-band monochrome 1mage data,
where each band of data comresponds to a different color. The actual
mformathon stored 1n the dimital image data 15 the gray-level information
m each spectral band.

Typacal color images are represented as red, green, and biue (RGE
mmages). Using the 8-t monochrome standard 2= a model. the
corresponding color mage would have 24-bat=/pixel (8-bits for each of
the three color bands red, green and blue). The fimure below illustrates a
representzthon of a typical BEGE color imape.
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Fignme 2.3 Fepreseotzton of a typical BIGE color imaze

4. Multispectral images

MMuth=pectz]l immages typrcally contam mfomzton outzide the normoal
human perceptual 1ange. This oy mchade mfrared ultraviolet, X-rayw,
zcoustic, or radar data. These are not imazes mn the usual sense because
the informaton represented 1= not directly visible bor the kuman systern
However, the mformzthon 15 often represented m visual forma by mappings
the different spectral bands to BGE components.

Digital Image File Formats
Types of 1imaze data are dnaded 1ofo tero primary categones: bitmzp and
actor.

»  Bitmap images (also called raster 1mames) can be represented as 2-
dimensiornal fimcthons fix, ), where they bave pixel datz acd the
corresponding grav-level vzlues stored 1o some file format

»  Vecfor imasers refer to methods of representing lines, ouves, and
shapes by stonng only the key pomts. Thesa key points are
sufficient to define the shapes. The process of tuming these mto an
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mmage 15 called rendering. After the image has been rendered., 1t
can be thought of as being m bitmap format, where each pixel has
specific values associated wath if.

Most of the types of file foamats f5ll into the catezory of bitmap mmages,
for example:

= PPM (Portable Pix Map) format

= TIFF (Tagged Imzage File Foomat)

= GIF (Graphics Interchange Formmat)

= JPEG (Joint Photographic Experts Group) format

= BMP (Windows Bitmap)

=  PHNG (Portable Metwork Graphics)

= WD X Window Dhunnp)

A simple image formation model
* In a mathemaheal view, a monochromatc 1mage 15 a two-
dimensional fimction, fix, ¥). where x and v are spahal (plane)
coordinates, and the amphtude of f at any pair of coordinates (x;
¥l 15 called the intenzity or gray level of the 1mage at that point.
* The values of 3 monochromate 1mage (1. 1Imfensihes) are sad to
span the gray scale.
o When x,v, and the ampliude vahie of F are all fimte discrete
quantifies, the 1mage 1= called a digiral image.
The funchon fix, v) npmst be nonzero and fimte; that 1=,
0= fix 3) <o
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The fimctron fix, ¥/ 15 the product of two components: 1} the amsount of
source Ulummatron meoident on the scene #vx, ) and 2) the amount of
lharmnahon reflected by the objects 1 the scene #ix, -

S =il yirix p)
where O=Jjx yl==c and O=rix k=l
MNote that the eguaton O=71x, vi="] indecates that reflectance 15 bounded
by O {total absrption) and 1 (fofal reflectance]).
The nature of ifx, 3/ 15 determmned by the 1lhmunation sowurce, and rix, )
15 determined by the charactenistics of the imaged objects.
As mentroned earlier, we call the inten=aty of a monochrome 1mage at any
coordinates (x,. v ) the gray level { «7“of the 1mage at that poant. That 1=,

= fixava)

From the aboie equathons, 1t 1= extdent that ~lhes m the range
Loim = 2 Lo

Where I... 15 positive, and I.. 15 fitate
The mterval [L_. . L__]1s called the gray scale. Commeon practice 15 to
shaft thes interval mamencally to the mmterval [0, L-1], where «=01=
considered black and = 1-] 1= considered white on the gray scale All
mitermediate valoes are shades of gray varvying from black to wiate.

Image Sampling and (Juantization
To comvert the confinuous fimchion fix ) to dy=ital form we need to
sample the finchon 1o both coordinates and m ampliude.

= Dhabhzng the coordmate valwes 15 called sampling.

* Dhabhrzng the ammphtude valaes 15 called guantizarion.
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In the figure below, we show how to comvert the continuous 1mage m
Fizure 2.1(3) to the diztal form using the zamphng and quantization
processes. Lhe one-dimensional fimction shown m Figure 2.1(b) 15 a plot
of amplitude (zray level) values of the continuous mage along the hne
segment AB m Figure 2 1(3).

To sample this fimction, we take equally spaced samples along line
AB, as shown m Figure 2.1(c). The samples are showm as small whate
squares supernmposed on the funchon. The set of these discrete locations
g1ves the sampled fimchon.

In order to form a dizital funchon, the grav-level values also mmst be
converted (quanfized) mmio discrete quantities. The nght side of Figure
2.1{c) shows the gray-level scale divided mto enght discrete lovels,
rangimng from black to white. The contmuous gray levels are quantzed
simply by assizmng one of the eight discrete gray levels to each sample.
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Figere 2.1 Cememating 2 digital imags. {3) Contnuens icags, (k) A scan bne from 4 t0 Bin
tha contionons imags (c) Sampling and gmamtization, {d) Digit] scaa line.

The digrtal samples resulting from both sampling ard quanbizathon are

shown 1n Finure 2_1(d). Starting at the top of the 1mape and carming out

thiz procedure ine by lire produces a2 taro-dmen=1onal diprtzl 1maza a5

shown 1n Figare 2 3.
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Figuma 2.3 Dipite] i ge muznlted from sap-pling a2nd quandiratico

Note that:

» The mimber of selacted values mn the sampling process 15 known as
the image sparial resolution. This 1= samophy the pumber of pixels
relative to the priven mmape area.

* The mimber of salected values mn the quantzzhon process 1= czllad
the sra-level foolor level) resolution. This 1s expressad in terms
of the mimber of bits allocated to the color levels.

* The quality of a dimmhzed 1mape depends on the resoluhon
parzmeters on both processes.

Diigital Immage Representaton

The monochrome dimtal mage %30 resulted from samphing and
quarhrafion kas finite discrete coordinates (x ) and 1intensities (gray
levels) We shall us=e inteper vahies for these discrete coordinates and
eray levels. Thus, a monochrome diptfzl 1imaze can be represented as a 2-
dimarsional array (matix) that kas A rows and & cohimons:
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Each element of this matnx amray 15 called pixel. The spzahal resolution
(mimber of pixels) of the digrtzl 1mape 1= M * N The grav level
resolution (number of gray levels) L 1s

L=="
Where k 15 the number of bits used to represent the zray levels of the
dimtal image. When an 1mage can have 2" grav levels, wea can refor to the
mmage as a “k-bit imape’ . For example, an mmage wath 256 possible srany-
level values 15 called an B-bat 1mnaze
The gray levels are mtegers in the mterval [0, L-1]. This mterval 15 called

the gray scale.

The pumber, &, of bits required to store a dimbzed mage 1=
h=M*N*L

FExample:

For an 8-bit mmage of zize 312+5312, determime its pray-scale and storage
51ZE.
Solution k=8 M=N=3]12
Number of gray lavels I = 2* =28 =234
The gray scale1s [, 253]
Storage size (b} =AM * N* E=3512* 512 * §=2097 152 buts
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Spatial and Grav-level Resolution

Spatial resolution 1s the smallest discermble detzil 1n an mmage. Itis
deteromned by the sampling process. The spatial resolufion of a dimital
mage reflects the amowunt of detanls that one can see m the 1mage (1.2 the
ratio of prxel “area” to the area of the 1mage display). If an 1magze 15
spatially sampled at Af< N pmxels, then the larger A N the finer the
observed detaals.

CGray-level resolution refers to the smallest discermble change m gray
level. It 15 determmned by the quantization process. As mentoned earher,
the mumber of zrayv levels 15 usnally an integer power of 2. The most
common number 15 8 bats, however, 16 bats 15 used mn some applicabhons
where enhancement of specific gray-level ranges 15 neceszary.

Effect of reducing the spatial resolution

Decreasing spatial resolution of a dizital mmage, wathin the same area,
may result in what 15 known as checkerboard patrern. Alzo 1mape details
are lost when the spahal resclubon 15 reduced.

To demonstrate the checkerboard pattern effect. we subsample the
1024+ 1024 pnage shown m the figure below to obtain the mage of size
512+512 pixels. The 512+512 15 then subampled to 256256 inage, and
so onunhl 32+32 mmage. The subsamplhing process means deleting the
appropriate number of rows and cobwmmns from the onginal mage. The
nmumber of allowed gray levels was kept at 256 1n all the images.
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Figure 2.4 A 1024x1024, 8-bit image subsampled dow= to size 32+32 pixels
To see the effects resultng from the reduction 1n the mumber of samples.
we bning all the subsampled 1mages up to size 10241024 by row and
column pixel rephcation The resulted mmages are shown in the fiznme

below.

Figare 2.5 (a) 102441024, S$-bit image. (b) throwgh (f) 512-512,2
and 32 ~32 images resampled into 1024+1024 paxsls by row and column duplication
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Compare Fipure 2 5(z) with tha 312x312 image 1n Fimire 2_5(b}, we find
that the leval of detanl lost 15 samphy too fine to be seen on the printad
page at the scale 1n which these mmapes are shown. Next, the 256256
mage 10 Fipure 2_.3(c) shows a very shzht fine chackerboard pattern m
the borders betnean flower petals and the black backeround. A shightly
meore proncunced staminess throughout the 1maze al=o 15 begpmmming to
appazr. | bkass effacts are much more vizble in the 128128 1mage 1
Figure 2 5(d), ard they become pronounced 1n the 63«84 and 32 <32
mmages 1n Fipures 2 .3{e} and (), respechvely.

Effect of reducing the grav-level resolution

Decreasing the siav-level resolution of 2 diprtal mmage may result mn what
15 known as false contouring. This effect 15 caused by the use of an
m=ufficient pumber of gray levels m smooth z1ezs of 2 dipfal Image.

To lustrate the false contounng effect, we reduce the mumber of
eray levels of the 256-level mmage showmn m Figure 2 6(3) from 236 to 2.
The resulted 1mages are shown 1o the fipures 2.6(1) through (h). This can
be achieved by reducing the number of bits fromk =7 to k = 1 while
keepmgz the spatzl resolubton constant at 452 =374 prxels.

We can clearly ses that the 256, 123~ and &4-leval 1mapes are
s1suzlly identical. However, the 32-level mzape shonmn m Figure 2.6(d)
has zn almost impercephble set of very fine ndzelike structures mn arezs
of smooth gray levels (parbcularhy m the skull).False contounng
genarally 1= quite visible mn images displayed wang 16 or less umformly
spaced gray levels, as the 1mages in Figures 2 6(e) through (h) show.
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(0 ()
Figure 2.6 (3) 432-374, 25€-lewel image. (b)-() Image displayed in 128, 64,32, 16, §, 4, and

2 gray levels, whils keeping the spadal resolutica constan:e.



