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1.1 Remote Sensing Data Types

Assorted satellites with numerous sensors, each wag designed with a specific
purpose. With optical sensors, the design focusethe spectral bands to be collected.
With radar imaging, the incidence angle and micrge/dand used plays an important
role in defining which applications the sensor esbsuited for. Each application itself

has specific demands, for spectral resolution, igpa¢solution, and temporal resolution.

The types of remote sensing data vary but eacls @agignificant role in the ability to
analyze an area from some distance away. Thewiastto gather remote sensing data is
through radar. Its most important uses are for aaffic control and the detection of
storms or other potential disasters. In additiorgdpler radar is a common type of radar
used in detecting meteorological data but is alseduby law enforcement to monitor
traffic and driving speeds. Other types of radae atso used to create digital models of

elevation.

Another type of remote sensing data comes fromrdasehese are often used in
conjunction with radar altimeters on satellites neeasure things like wind speeds and
their direction and the direction of ocean currenthese altimeters are also useful in
seafloor mapping in that they are capable of meiagubulges of water caused by gravity
and the varied seafloor topography. These varieglaacheights can then be measured

and analyzed to create seafloor maps.

Also common in remote sensing is LIDAR - Light Exeda and Ranging. This is most
famously used for weapons ranging but can also sl U0 measure chemicals in the

atmosphere and heights of objects on the ground.

Other types of remote sensing data include steggaigc pairs created from multiple air
photos (often used to view features in 3-D and/akentopographic maps), radiometers
and photometers which collect emitted radiation cwn in infra-red photos, and air
photo data obtained by earth-viewing satelliteshsas those found in the Landsat

program.
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1.1.1 Multiple sources of information

Each band of information collected from a sensartams important and unique
data. We know that different wavelengths of indidenergy are affected
differently by each target -they are absorbed,e@fd or transmitted in different
proportions. The appearance of targets can eadilgnge over time, sometimes
within seconds. In many applications, using infatiora from several different
sources ensures that target identification or infiation extraction is as accurate
as possible. The following describe ways of obtgjriar more information about

a target or area, than with one band from a sensor.

1.1.1.1 Multispectral

The use of multiple bands of spectral informatidterapts to exploit
different and independent "views" of the targetsasoto make their
identification as confident as possible. Studiesehbeen conducted to
determine the optimum spectral bands for analysipegific targets, such

as insect damaged trees.

1.1.1.2 Multisensor

Different sensors often provide complementary mfion, and when
integrated together, can facilitate interpretaticand classification of
imagery. Examples include combining high resolutipanchromatic
imagery with coarse resolution multispectral imagesr merging actively
and passively sensed data. A specific exampleeisntiegration of SAR
imagery with multispectral imagery. SAR data adds expression of
surficial topography and relief to an otherwise tflamage. The
multispectral image contributes meaningful coloaformation about the
composition or cover of the land surface. This tgpanage is often used
in geology, where lithology or mineral compositisnrepresented by the
spectral component, and the structure is represkrivy the radar

component.
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1.1.1.3 Multitemporal

Information from multiple images taken over a pdraf time is referred

to as multitemporal information. Multitemporal mesfer to images taken
days, weeks, or even years apart. Monitoring laoakec change or growth
in urban areas requires images from different tipexiods. Calibrated

data, with careful controls on the quantitative aspof the spectral or
backscatter response, is required for proper maimtp activities. With

uncalibrated data, a classification of the olderaige is compared to a
classification from the recent image, and changethe class boundaries
are delineated. Another valuable multitemporal tmothe observation of
vegetation phenology (how the vegetation changesigfmnout the growing
season), which requires data at frequent intertltsughout the growing

season.

"Multitemporal information” is acquired from theterpretation of images
taken over the same area, but at different timdse Time difference
between the images is chosen so as to be able ndamsome dynamic
event. Some catastrophic events (landslides, fldods, etc.) would need
a time difference counted in days, while much dlgeeed events
(glacier melt, forest regrowth, etc.) would requiyears. This type of
application also requires consistency in illumirmeti conditions (solar
angle or radar imaging geometry) to provide coraistand comparable

classification results.

The ultimate in critical (and quantitative) mularhporal analysis depends
on calibrated data. Only by relating the brightnes=en in the image to
physical units, can the images be precisely conthaad thus the nature
and magnitude of the observed changes be determined
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1.2 Elements of Image I nterpretation

As we noted in the previous section, analysis ofote sensing imagery involves the
identification of various targets in an image, aihdse targets may be environmental or
artificial features which consist of points, lines,areas. Targets may be defined in terms
of the way they reflect or emit radiation. This iatebn is measured and recorded by a
sensor, and ultimately is depicted as an image pecoduch as an air photo or a satellite

image.

What makes interpretation of imagery more diffictitan the everyday visual
interpretation of our surroundings? For one, wedasur sense of depth when viewing a
two-dimensional image, unless we can view it seargpically so as to simulate the third
dimension of height. Indeed, interpretation besefjteatly in many applications when
images are viewed in stereo, as visualization (dretefore, recognition) of targets is
enhanced dramatically. Viewing objects from dingclbove also provides a very
different perspective than what we are familiar hwitCombining an unfamiliar
perspective with a very different scale and lackeabgnizable detail can make even the
most familiar object unrecognizable in an imagendflly, we are used to seeing only the
visible wavelengths, and the imaging of wavelengihiside of this window is more

difficult for us to comprehend.

Recognizing targets is the key to interpretatiod arformation extraction. Observing the
differences between targets and their backgroundgelves comparing different targets
based on any, or all, of the visual elements oét@hape, size, pattern, texture, shadow,
and association. Visual interpretation using thedements is often a part of our daily
lives, whether we are conscious of it or not. Exang satellite images on the weather
report, or following high speed chases by viewsnfra helicopter are all familiar
examples of visual image interpretation. ldentidytargets in remotely sensed images
based on these visual elements allows us to fuittterpret and analyze. The nature of
each of these interpretation elements is descriimdw, along with an image example of

each.
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1.2.1Tone

It refers to the relative brightness or colour dfjects in an image. Generally, tone is the
fundamental element for distinguishing betweeresfit targets or features. Tone can be
defined as each distinguishable variation from @t black. Color may be defined as
each distinguishable variation on an image produbgda multitude of combinations of
hue, value and chroma. Many factors influence tretor color of objects or features
recorded on photographic emulsions. But, if theyaot sufficient contrast between an
object and its background to permit at least detegtthere can be no identification.
While a human eye may only be able to distinguistavéen ten and twenty shades of
grey; interpreters can distinguish many more col@sme authors state that interpreters
can distinguish at least 100 times more variatiofisolor on color photography than

shades of gray on black and white photography.
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1.2.2 Shape & Height

Shape refers to the general form, structure, ofin@tof individual objects. Shape can be
a very distinctive clue for interpretation. Straigddge shapes typically represent urban
or agricultural (field) targets, while natural feates, such as forest edges, are generally
more irregular in shape, except where man has eckat road or clear cuts. Farm or
crop land irrigated by rotating sprinkler system®wd appear as circular shapes.
Height can add significant information in many tgp interpretation tasks; particularly
those that deal with the analysis of man-made featuHow tall a tree is can tell
something about board feet. How deep an excavasiazan tell something about the

amount of material that was removed.

1.2.3 Size

Size of objects in an image is a function of scaleslimportant to assess the size of a
target relative to other objects in a scene, aslwsl the absolute size, to aid in the
interpretation of that target. A quick approximatioof target size can direct
interpretation to an appropriate result more quickFor example, if an interpreter had
to distinguish zones of land use, and had idedtifie area with a number of buildings in
it, large buildings such as factories or warehousesild suggest commercial property,

whereas small buildings would indicate residentisé.
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1.2.4 Pattern

Pattern refers to the spatial arrangement of visibly dredele objects. Typically an
orderly repetition of similar tones and texturedlyroduce a distinctive and ultimately
recognizable pattern. Orchards with evenly spaceged, and urban streets with

regularly spaced houses are good examples of patter

1.2.5 Texture

Texture refers to the arrangement and frequency of tomaaiation in particular areas of
an image. Rough textures would consist of a mottdeé where the grey levels change
abruptly in a small area, whereas smooth texturesld/have very little tonal variation.
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Smooth textures are most often the result of umifoeven surfaces, such as fields,
asphalt, or grasslands. A target with a rough soefand irregular structure, such as a
forest canopy, results in a rough textured appeeeanTexture is one of the most

important elements for distinguishing featuresadar imagery.

1.2.6 Shadow

Shadow is also helpful in interpretation as it may provide idea of the profile and
relative height of a target or targets which maykeadentification easier. However,
shadows can also reduce or eliminate interpretatiortheir area of influence, since
targets within shadows are much less (or not gt@iscernible from their surroundings.
Shadow is also useful for enhancing or identifyitmpography and landforms,

particularly in radar imagery.
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1.2.7 Association, Resolution and Site

Associations of some objects are so commonly associated wit amother that
identification of one tends to indicate or confithe existence of another. Smoke stacks,
step buildings, cooling ponds, transformer yardsl@iles, railroad tracks = coal fired
power plant. Arid terrain, basin bottom locationjghly reflective surface, sparse
vegetation = playa. Association is one of the ninedpful clues in identifying man made
installations. Aluminum manufacture requires largenounts of electrical energy.
Absence of a power supply may rule out this ingustiement plants have rotary kilns.
Schools at different levels typically have chareste playing fields, parking lots, and
clusters of buildings in urban areas. Large farrnositypically indicate the presence of

livestock.

Resolution is defined as the ability of the entire photograpkystem, including lens,
exposure, processing, and other factors, to reradsharply defined image. An object or
feature must be resolved to be detected and/ottifteeh Resolution is one of the most
difficult concepts to address in image analysissdRgion can be described for systems
in terms of modulation transfer (or point spreadhdtions; or it can be discussed for
camera lenses in terms of being able to resolvenany line pairs per millimeter. There
are resolution targets that help to determine thisen testing camera lenses for metric
quality. Photo interpreters often talk about redmo in terms of ground resolved
distance, the smallest normal contrast object ttemt be detected and identified on a

photo.

Site shows us objects are arranged with respect to amether; or with respect to
various terrain features, can be an aid in interjateon. Aspect, topography, geology,
soil, vegetation and cultural features on the lazajse are distinctive factors that the
interpreter should use when examining a site. Télative importance of each of these
factors will vary with local conditions, but all arimportant. Just as some vegetation
grows in swamps others grow on sandy ridges. Alital crops may like certain
conditions. Man made features may also be foundvens (e.g. power plant) or on a hill

top (observatory or radar facility).
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1.3 Image rectification and corrections

Digital image processing may involve numerous pdoces including formatting and
correcting of the data, digital enhancement to Iftatie better visual interpretation, or
even automated classification of targets and fesgwntirely by computer. In order to
process remote sensing imagery digitally, the datest be recorded and available in a
digital form suitable for storage on a computer ¢apr disk. Obviously, the other
requirement for digital image processing is a cotepsystem, sometimes referred to as
an image analysis system, with the appropriate Wwareé and software to process the
data. Several commercially available software systdiave been developed specifically

for remote sensing image processing and analysis.

For discussion purposes, most of the common imageepsing functions available in

image analysis systems can be categorized inttotlosving four categories:

1 Preprocessing

2 Image Enhancement
3 Image Transformation
4 Image Classification and Analysis

1.3.1 Colour Composites

While displaying the different bands of a multigpEcdata set, images obtained in
different bands are displayed in image planes (othan their own) the color composite
is regarded as False Color Composite (FCC). Highdgal resolution is important when
producing color components. For a true color coni@sn image data used in red,
green and blue spectral region must be assignesl diitred, green and blue image
processor frame buffer memory. A color infrared posite ‘standard false color
composite’ is displayed by placing the infraredd,rgreen in the red, green and blue
frame buffer memory. In this healthy vegetationwshaip in shades of red because

vegetation absorbs most of green and red energyréiflgcts approximately half of
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incident Infrared energy. Urban areas reflect equmirtions of NIR, R & G, and

therefore they appear as steel grey.

1.3.2 Image Rectification

Geometric distortions manifest themselves as errotbe position of a pixel relative to

other pixels in the scene and with respect to thbsolute position within some defined
map projection. If left uncorrected, these geongadistortions render any data extracted
from the image useless. This is particularly sthé information is to be compared to
other data sets, be it from another image or a @& set. Distortions occur for many

reasons.

For instance distortions occur due to changes @tfpkm attitude (roll, pitch and yaw),

altitude, earth rotation, earth curvature, panoramdistortion and detector delay. Most
of these distortions can be modelled mathematically are removed before you buy an
image. Changes in attitude however can be diffimuticcount for mathematically and so
a procedure called image rectification is performéeshatellite systems are however
geometrically quite stable and geometric rectificatis a simple procedure based on a
mapping transformation relating real ground cooraies, say in easting and northing, to

image line and pixel coordinates.

Rectification is a process of geometrically cormegt an image so that it can be
represented on a planar surface, conform to otheages or conform to a map. That is, it
is the process by which geometry of an image isenpd@himetric. It is necessary when
accurate area, distance and direction measuremargsrequired to be made from the
imagery. It is achieved by transforming the datanirone grid system into another grid

system using a geometric transformation.

Rectification is not necessary if there is no disdo in the image. For example, if an
image file is produced by scanning or digitizingpaper map that is in the desired
projection system, then that image is already ptagwad does not require rectification
unless there is some skew or rotation of the im&panning and digitizing produce

images that are planar, but do not contain any naordinate information. These
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images need only to be geo-referenced, which is uwhmsimpler process than
rectification. In many cases, the image header sanply be updated with new map
coordinate information. This involves redefining tmap coordinate of the upper left

corner of the image and the cell size (the areaesgnted by each pixel).

Ground Control Points (GCP) are the specific pixgisthe input image for which the

output map coordinates are known. By using moretpdihan necessary to solve the
transformation equations a least squares soluti@ay tve found that minimises the sum of
the squares of the errors. Care should be exeramgeeh selecting ground control points

as their number, quality and distribution affece tlesult of the rectification.

WL

—/

The geometric registration process involves idgmigf the image coordinates (i.e. row,
column) of several clearly discernible points, edliground control points (or GCPs), in
the distorted image (A - A1 to A4), and matchingnihto their true positions in ground

coordinates (e.qg. latitude, longitude).
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In order to actually geometrically correct the ongl distorted image, a procedure
called resampling is used to determine the digitalues to place in the new pixel
locations of the corrected output image. The redargprocess calculates the new pixel
values from the original digital pixel values inetluncorrected image. There are three
common methods for resampling: nearest neighboilinelr interpolation, and cubic

convolution.

Nearest Neighbor: Each output cell value in the nearest neighbor hoétis the

unmodified value from the closest input cell. Lessputation is involved than in the
other methods, leading to a speed advantage faelanput rasters. Preservation of the
original cell values can also be an advantage & tesampled raster will be used in later
guantitative analysis, such as automatic classiftca However, nearest neighbor

resampling can cause feature edges to be offsdigtgnces up to half of the input cell
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size. If the raster is resampled to a different sete, a blocky appearance can result
from the duplication (smaller output cell size)dropping (larger cell size) of input cell

values.

Bilinear Interpolation: An output cell value in the bilinear interpolationethod is the
weighted average of the four closest input cellga) with weighting factors determined
by the linear distance between output and inpuscdhis method produces a smoother
appearance than the nearest neighbor approach,itboodn diminish the contrast and
sharpness of feature edges. It works best whemay@uesampling to a smaller output

cell size.

Cubic Convolution: The cubic convolution method calculates an outglitvalue from a

4 x 4 block of surrounding input cells. The outpaliue is a distance- weighted average,
but the weight values vary as a nonlinear functa§rdistance. This method produces
sharper, less blurry images than bilinear intergaa, but it is the most computationally

intensive resampling method. It is the preferredhm@& when resampling to a larger

output cell size.

Nearest neighbor resampling is the only method ikaappropriate for categorical
rasters, such as class rasters produced by the maiic Classification process. Cell
values in these rasters are merely arbitrary labeishout numerical significance, so

mathematical combinations of adjacent cell valuggehno meaning.

1.4 Image Classification

The overall objective of image classification isatstomatically categorize all pixels in
an image into land cover classes or themes. Nogmaillultispectral data are used to
perform the classification, and the spectral pattpresent within the data for each pixel
is used as numerical basis for categorization. Tisatdifferent feature types manifest
different combination of DNs based on their inhérgpectral reflectance and emittance

properties.

The term classifier refers loosely to a computeogoam that implements a specific

procedure for image classification. Over the yeawentists have devised many

DIP and Mapping 16 Uttarakhand Open University



Unit 1 Digital Image Processing |

classification strategies. From these alternatities analyst must select the classifier that

will best accomplish a specific task.

The traditional methods of classification mainlyldos two approaches: unsupervised
and supervised. The unsupervised approach attespptstiral grouping that may have an
unclear meaning from the user’s point of view. Hauvestablished these, the analyst then
tries to associate an information class with eacbug. The unsupervised approach is
often referred to as clustering and results in istats that are for spectral, statistical
clusters. In the supervised approach to classiiecgtthe image analyst supervises the
pixel categorization process by specifying to thmmputer algorithm; numerical
descriptors of the various land cover types presetiie scene. To do this, representative
sample sites of known cover types, called trairangas or training sites, are used to
compile a numerical interpretation key that deseslthe spectral attributes for each
feature type of interest. Each pixel in the dathiseéhen compared numerically to each
category in the interpretation key and labeled wviite name of the category it looks most
like. In the supervised approach the user defirseful information categories and then
examines their spectral separability whereas in thesupervised approach he first

determines spectrally separable classes and th&nedetheir informational utility.

It has been found that in areas of complex terrdlme unsupervised approach is
preferable to the supervised one. In such condstibrthe supervised approach is used,
the user will have difficulty in selecting trainingjtes because of the variability of
spectral response within each class. Consequeatbyior ground data collection can be

very time consuming. Also, the supervised apprasdubjective in the sense that the
analyst tries to classify information categorieshieh are often composed of several
spectral classes whereas spectrally distinguishatilesses will be revealed by the
unsupervised approach, and hence ground data dalecequirements may be reduced.
Additionally, the unsupervised approach has theepil advantage of revealing

discriminable classes unknown from previous worlawelver, when definition of

representative training areas is possible and stagal information classes show a close
correspondence, the results of supervised claasihic will be superior to unsupervised

classification.
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1.4.1 Unsupervised classification

Unsupervised classifiers do not utilize trainingtalaas the basis for classification.

Rather, this family of classifiers involves algbnts that examine the unknown pixels in
an image and aggregate them into a number of ctasased on the natural groupings or
clusters present in the image values. It performs/ wvell in cases where the values
within a given cover type are close together initiasurement space, data in different

classes are comparatively well separated.

DN's

Class Identification
A = water
B = agriculture
C = rock

Bjcjc|c c
eljejclc
AlBlB]lSB 8
A
AjJAa]ls]ls
Spectral Classes

The classes that result from unsupervised classific are spectral classes because they
are based solely on the natural groupings in thagmvalues, the identity of the spectral
classes will not be initially known. The analystsmoompare the classified data with
some form of reference data (such as larger saalegery or maps) to determine the
identity and informational value of the spectrahsdes. In the supervised approach we
define useful information categories and then erantiheir spectral separability; in the
unsupervised approach we determine spectrally sdparclasses and then define their

informational utility.

The result of the The analyst determines the
unsupervised classification is ground cover for each of the

supe
not yet information until... clusters...

B 77 — water

Il 2?2 —> Water
W 222 —> Cconifer

[l 777 —> conifer

[] 2?22 —> Hardwood

[[] 2?22 —> Hardwood
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Land Cover Map Legend

Labels

. Water
. Water

B conifer

Hardw.

. Conifer

[] Hardweed

[] Hardweed

There are numerous clustering algorithms that canused to determine the natural
spectral groupings present in data set. One comfoan of clustering, called the “K-
means” approach also called as ISODATA (Interacti®elf-Organizing Data Analysis
Technique) accepts from the analyst the numbelustars to be located in the data. The
algorithm then arbitrarily “seeds”, or locates, thanumber of cluster centers in the
multidimensional measurement space. Each pixehénitage is then assigned to the
cluster whose arbitrary mean vector is closesteiAdll pixels have been classified in this
manner, revised mean vectors for each of the aluistee computed. The revised means
are then used as the basis of reclassificatiorhefinage data. The procedure continues
until there is no significant change in the locati@of class mean vectors between
successive iterations of the algorithm. Once tlomipis reached, the analyst determines
the land cover identity of each spectral class.dBse the K-means approach is iterative,
it is computationally intensive. Therefore, it item applied only to image sub-areas

rather than to full scenes.

1.4.2 Supervised classification

Supervised classification can be defined normafiyttee process of samples of known
identity to classify pixels of unknown identitynfpdes of known identity are those pixels
located within training areas. Pixels located withthese areas term the training samples
used to guide the classification algorithm to amsig specific spectral values to

appropriate informational class.
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1.4.2.1 Training data

Training fields are areas of known identity delitezh on the digital image, usually by
specifying the corner points of a rectangular oflygonal area using line and column
numbers within the coordinate system of the digitedge. The analyst must, of course,
know the correct class for each area. Usually thalgst begins by assembling maps and
aerial photographs of the area to be classifiede@c training areas are identified for
each informational category following the guidebneutlined below. The objective is to
identify a set of pixels that accurately represespectral variation present within each

information region.

Mean Spectral
Signatures

The computer then creates...

Conifer

Known Conifer
Area

Known Water

Area \ ..

Known Deciduous :
Area g

Land Cover Map

Legend:

[:] Water

B Conifer
[ ] Deciduous
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1.4.3 Ground Truthing

Ground truthing is the process of sending techmigi®o gather data in the field that
either complements or disputes airborne remote isgnslata collected by aerial
photography, satellite sidescan radar, or infraredages. The team of ground truthing
scientists will be collecting detailed calibratignsneasurements, observations, and
samples of predetermined sites. From this dat@ndisits are able to identify land use or
cover of the location and compare it to what ishmn the image. They then verify and

update existing data and maps.

In remote sensing, ground truth is just a jargomtefor at-surface or near-surface
observations made to confirm their identificatidagsification by interpretation of aerial
or satellite imagery. The term in its simplest megrrefers to "what is actually on the
ground that needs to be correlated with the coroesfing features in the visualized

scene.
There are three main reasons to conduct groundhtagtivities:

To obtain relevant data and information helpfuliaguts and reference in the analysis of

a remotely sensed scene;

To verify that what has been identified and clasdifusing remote sensing data is

actually correct (accuracy assessment);

To provide control measurements, from targets awin identities, that are useful in

calibrating sensors used on the observing platforms

Ground truthing is a way of looking at an entire untain range, costal plane, forest,
inland sea, coral reef, dessert, grassland, rivar,marsh and understand many of the
realities involved. With our present technology, sa@measure an entire watershed and
understand its capacities and impact on a region amankind's positive or negative

influence.
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1.4.3.1 Collecting Ground I nformation

The spectral signature within a pixel of an imagesists of an average of reflectances of
all materials within that pixel. So, for a spatiesolution of 5x5 pixels, the spectral
response for a stand of vegetation will consistaotombination of spectra of all
vegetation types, soil, ground litter, etc.

Take representative spectrometer readings aboveahepies for as many categories or
classes of vegetation as possible within time @esas constraints. Features like wet and
dry soils and rock outcroppings may require addhtib location-specific GPS data.
Examples of categories of vegetation in India idelgrasslands, marshland, mangroves,
stands of pine, and mixed vegetation, both everges®l deciduous; Categories of soil
might be wet soil and dry soil, along with soil walniis contaminated and are

significantly visible on satellite imagery.

Site conditions and project goals likely will ditdasampling methodology — either take
many readings in a single location (narrow, deemphlng) or obtain few readings at
many locations (broad, shallow sampling). If sudaar subsurface contaminants are
important, collect appropriate spectral data. Sam@l along transects from
contaminated areas to background (clean) areas sxeoplume may prove useful.

Collect actual leaf / soil / litter samples for ¢atreflectance analysis in the lab. If the
entire canopy consisted of leaves, presumablyspisctra would resemble the leaf
spectra. In reality, the canopy is made up of d#ffé materials accounted for
accordingly in its spectra.

Ground-truthing data to collect at each site inatud
* Field notes regarding site and light conditions

» Spectra-radiometer readings : Calibration targefdark and light); and
Vegetation
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* Vegetation sample — leaf or leaf cluster
e Ground Control Points collected using a GPS

* Photograph of the site and write down the pictuenber as reference in the field

note.

1.5 Summary

This unit begins with the digital image processitgghniques. Although the pre-
processing is similar for all kinds of satellite ageries, the difference in the band
combinations and resolutions asks for differentiiptetation techniques. The various
keys of image visual interpretation are also ddsedli here. The rectification of a satellite
data to make it compatible with other existing dases and also for accurate
assessment of ground conditions is elaborated h#rewater in the unit we also learn

about the digital image processing techniques, ransepervised and unsupervised
classification. Classification alone is incompletgthout proper ground verification.

Thus ground verification methods along with theimas aspects of the ground data that

has to be collected is mentioned here.

1.6 Glossary

| nterpretation-the act of interpreting; an explanation of the miegnof another's artistic

or creative work; an elucidation

Bits- The smallest unit of information within a computér bit can have one of two

values, 1 and 0, that can represent on and offapelsno, or true and false.

Calibration- an explanation of the meaning of another's adigir creative work; an

elucidation
Convolution- a rolled up or coiled condition

Interpolation- The estimation of surface values at unsampledtpdiased on known

surfaceKernel- the central or most important part of anythingsesce; gist; core
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Model- An abstraction of reality used to represent objeptecesses, or events Values of
surrounding points. Interpolation can be used totineste elevation, rainfall,
temperature, chemical dispersion, or other spatiblased phenomena. Interpolation is
commonly a raster operation, but it can also bealona vector environment using a TIN
surface model. There are several well-known intlgan techniques, including spline

and kriging.
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1.8 Suggested Readings
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1.9 Terminal Questions

1. What are the 2 types of remote sensing? Explain.

2. What are the 7 image interpretation keys. Expbny 2 keys.

> W

o

PN N

77

What type of area is shown here? Which key/keygaliduse interpret this?
Give 2 reasons for image rectification.
What is image to image registration and why isoimel?

What are the two types of classification methodgdldn in 2 sentences each
type.

What is the significance of ground truthing?

*k*k
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2.1 Different formats of Non-gpatial Data, Tables, charts

“The most scarce resources is no longer informatitself, but the capability of

processing information in the information era.”(Hhart A. Simon, 1966)

The first thing is to get information that you wdnmbm vast information ocean. The
information era creates new opportunities as welchallenges for information retrieval.
The amount of information is growing rapidly, adlves new users inexperienced among
which many users encounter the information staova{iSergey B., Lawrence P., 1998).
Search method or search engine can be the bridgecamhmunication between
information ocean and user request. However seagfine nowadays cannot meet
people’s request in the geographic domain for tbmglexity of spatial entities. As the
geographic data comes into more valuable applicgtimore and more people want to
integrate the spatial data, attribute data, evemperal data in order to support spatial

decision or to explore geographic pattern.

Socio-economic data and ground based observatitate@ to natural resources form
non-spatial elements of the database which aciodateral data to spatial data (maps).
Spatial and non-spatial data together form meanihgiformation, which can be used

for various applications. Following parameters conge the non-spatial database:
* Social (Demography)
* Economic (Occupation)

* Amenities (Health, Education, Communication, Gehdranduse, Dependency

etc.)
* Meteorology (Rainfall, Temperature, Wind speed)etc.
* Resources attributes (Soil depth, Number of wédlg e

* Hazard specific data (Flood, Earthquakes etc.)
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While generating thematic and non-spatial databgsa#ser maps and tables and such
outputs are not flexible for many applications pautarly for querying. Updation,
layering for integrated analysis and other processigough not impossible, is difficult
and time consuming and also integrated analysisl tede executed under the guidance
of an experts. In this context, computerizationhef data has distinct advantages which

are enumerated below:
Handling of large volume of data, with appropriate data structure

Computerization of data opens a new horizon whattilifate data storage, retrieval,
display, updation, query and analysis of spatiatadan conjunction with non-spatial
data. The spatial data available in the form of majpr a specific region can be

mosaiced together on the computer format which evotfer contiguity of spatial data.

Digital form of spatial data can have active linkiah allow integration of both elements
(spatial and non-spatial). New information can lexided from primary database using

specialised software such as Geographic Informa8gatem (GIS3nd such information

are valuable in the integrated analysis.

Digital form of data facilitates easy and effectiméormation flow and data updation.
The aim of this is to make the computer understerdantic meaning contained in the

guestion. Following substeps are needed.

Categorization of user request: Questions and problems should be categorized into
several types for simplicity. Respective answeid solutions are matched by means of

regular expressions or text categorization.

Spatialization of geographic information: Spatialization will map geographic
information into spatial extent or coordinates (iatitude/longitude or other unified
coordinates system). However resolving the debimivf certain geographical terms is
still an active research area. GIS data portal anddes in the geographic data
infrastructure can be accessed by means of metadiai@irectory. Many geographic
information service sites can provide spatial da@vices from raw data, static maps,

vector maps to bundle of datasets; other sites foayer provide spatial operation
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services from simple query to complex buffer, raunalysis which conform to OGC web

service specification.

2.1.1 Data Warehouse

Data Warehouse is a central managed and integratedbase containing data
from the operational sources in an organizationmay gather manual inputs
from users determining criteria and parameters fgouping or classifying

records.

A fundamental concept of a data warehouse is thtndtion between data and
information. Data is composed of observable arabréable facts that are often
found in operational or transactional systems. Idata warehouse environment,
data only comes to have value to end-users wheroiganized and presented as
information. Information is an integrated collemti of facts and is used as the

basis for decision making.

Database contains structured data for query analyand can be accessed by
users. The data warehouse can be created or upddtady time, with minimum
disruption to operational systems. A source for tfada warehouse is a data
extract from operational databases. The data isdeaéd, cleansed, transformed
and finally aggregated and it becomes ready to badéd into the data

warehouse.

The data warehouse as mentioned earlier servesaghid access to information
deducible from the raw data demanded by the end-&ieing and dicing select
subsets of the multidimensional database belongngne or more constants in

one or a few dimensions.
Pivoting determines the measures in different ctabsilar layouts.

Roll-up results in generalization of one or morendnsions, by aggregating the

corresponding measures.
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Drill-down produces a detailed view of the seleal@dension(s).

2.1.2 Metadata

Metadata is st ructured information that descspeexplains, locates, or
otherwise makes it easier to retrieve, use, or rganan information resource.
Metadata is often called data about data or infotima about information. In the
library environment, metadata is commonly used doy formal scheme of
resource description, applying to any type of objedigital or non-digital.

Traditional library cataloging is a form of metadat
There are three main types of metadata:

Descriptive metadata describes a resource for purposes suctlisse®very and
identification. It can include elements such adetitabstract, author, and

keywords.

Structural metadata indicates how compound objemts put together for

example, how pages are ordered to form chapters.

Administrative metadata provides information to help manage a ues® such
as when and how it was created, file type and otbehnical information, and

who can access it.

There are several subsets of administrative data; that sometimes are listed as

separate metadata types are:

- Rights management metadata, which deals withll@tteial property rights,
and

— Preservation metadata, which contains informatinoeeded to archive and

preserve a resource.
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2.2 Conversion of GPS data

Geodetic-quality GPS units are usually able to atitpata directly into a GIS-friendly
format like shapefiles, either with built-in softwwaor with add-on packages like
Trimble’s Terrasync or ESRI's ArcPad. But whatatiyhave a consumer-grade GPS unit
without the ability to run this software (or yourdofeel like coughing up hundreds of
dollars to buy a copy)? This post and the next @ik cover some options for
downloading data directly from a GPS and convertingo the GIS-friendly shapefile

format. Most GPS devices come with downloadingvsoé.

After downloading and installing the software pragr, hook up your GPS unit to the
your computer, turn it on, and run the program. Hodftware should determine that you
have a GPS connected; if it doesn’t, go to the Gfe8u, and make sure the right port is
selected. Once the GPS is recognized by the prggramcan go to the Waypoint, Track
or Route menu to Upload data from your GPS.

The data table lists off all the combined tracknteithat have been uploaded, with a
track identifier and position for every one (altiei as well if it's a 3D fix). You can

modify, or even delete, individual track pointghe data table.

Shapefiles come in three basic varieties, poing &nd area/polygon, with each type only
able to hold data of a particular type. In othernds, if you have a point shapefile, you
can't put lines or areas into it. While that holtisie for saving data in DNRGarmin in
shapefile format, you do have a choice of what &rgou save data in. Suppose you
have a track that describes the perimeter of aipaldr area you're interested in. If you
download that track data, software gives you theoopof saving the data in any of the
three shapefile types:

Point — Every point in the track is saved as a &mqpint vertex in the shapefile

Line — The track is saved as a line shapefile, eiry track point as a vertex
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Polygon (area) — The track points are treated asices describing an polygon, with the
first and last points in the track automatically ntected together to complete the

polygon perimeter.

If you download a set of individual waypoints tligscribe a line or an area, you can
also save those as a line or polygon shapefile @t wfter downloading the individual
waypoints, just select “Track” or “Route” from theadio buttons near the top, and the

software will let you save those points in lingopotygon shapefile format.

2.3 Database Editing, Errorsand Finalisation

Database editing is as essential as database géparalhere is nothing worse than a
database which is created in a disorganized andptexnmanner. Database errors are
simple problems of designing that we tend to owdrlim order to “get our job done”.

The most vital part of having a decision suppodtesy in GIS is the organization and
designing of the databae. Some common data errmesdascussed below related to

databases and digitization techniques.

2.3.1 Database Errors

2.3.1.1 Poor design/planning

A good database is built with forethought, andhwgroper care and
attention given to the needs of the data that nhiabit it; it cannot be

tossed together in some sort of reverse implosion.

Since the database is the cornerstone of prettyhmesmery business
project, if you don't take the time to map out tieeds of the project and
how the database is going to meet them, then theces are that the
whole project will veer off course and lose direati Furthermore, if you
don't take the time at the start to get the datebdesign right, then you'll
find that any substantial changes in the databasectires that you need
to make further down the line could have a hugearhwn the whole
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project, and greatly increase the likelihood of tlpeoject timeline

slipping.

Far too often, a proper planning phase is ignoredavor of just "getting
it done". The project heads off in a certain direntand when problems
inevitably arise — due to the lack of proper desigrand planning — there

is "no time" to go back and fix them properly, gsproper techniques

2.3.1.2 Poor naming standards

Names, while a personal choice, are the first amtimportant line of

documentation for your application. | will not geto all of the details of

how best to name things here— it is a large andsgnéspic. The names
you choose are not just to enable you to identié/gurpose of an object,
but to allow all future programmers, users, andosato quickly and easily
understand how a component part of your database w&nded to be
used, and what data it stores. No future user of giesign should need to
wade through a 500 page document to determine thenimg of some

wacky name.

2.3.1.3 Lack of documentation

Not only will a well-designed data model adhere aosolid naming
standard, it will also contain definitions on itsables, columns,
relationships, and even default and check consisaso that it is clear to

everyone how they are intended to be used.

Where this documentation is stored is largely atemabf corporate
standards and/or convenience to the developer awdusers. It could be
stored in the database itself, using extended pt@se Alternatively, it
might be in maintained in the data modeling totisould even be in a
separate data store, such as Excel or another imial database. My

company maintains a metadata repository databaséechwwve developed
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in order to present this data to end users in aceable, linkable format.
Format and usability is important, but the primdbpgttle is to have the

information available and up to date.

2.3.1.4 Onetableto hold all information

Relational databases are based on the fundamedéal that every object
represents one and only one thing. There shouldrmey any doubt as to
what a piece of data refers to. By tracing througa relationships, from
column name, to table name, to primary key, it &hte easy to examine

the relationships and know exactly what a piecéadd means.

2.3.1.5Using Keys

A key is a set of columns that can be used toifglartaccess a particular
row or rows. The key is identified in the descaptiof a table, index, or

referential constraint. The same column can be parhore than one key.

A unique key is a key that is constrained so tlatwo of its values are
equal. The columns of a unique key cannot contdithINvalues. For

example, an employee number column can be defisea @nique key,
because each value in the column identifies only employee. No two

employees can have the same employee number.

The primary key is one of the unique keys definedactable, but is
selected to be the key of first importance. Thare lme only one primary

key on a table.

A primary index is automatically created for thenpary key. The primary
index is used by the database manager for effi@eness to table rows,
and allows the database manager to enforce theuamess of the primary

key.

2.3.1.6 Not using SQL facilitiesto protect data integrity
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SQL often  referred to as Structured Query Languages
a database computer language designed for manatatein relational
database management systems (RDBMS), and originddsed
upon relational algebra and calculus. Its scope ludes data insert,
qguery, update and delete, schema creation and matidn, and data

access control.

2.3.1.7 Corrupt Table/ Index Header

This is caused by one of the internal tables beogndorrupted or
damaged. These errors are generally associated télfiles which index
the table, but can also occur with the data filB8EF or DBT) themselves.
The index tables only store pointers to the datahi data files and a
corrupt index does not mean that data has beenTds$ type of error can
be caused by improperly shutting down the compwidér the software
open, hardware issues with memory or the hard dissyes with the
electrical power supply to the building, or heaWe full text of the error
message will identify the table along with the namhehe file that is
getting the error message. If column headings aenged by opening the
database with some other software, then also tines ean come up.

2.3.1.8 Map registration or Georeferencing

Registration of the map, or georeferencing is penied after the
acquisition of the satellite imagery of at the lmegng of the digitization
session. This is done so that map units are coegento geographic units
and measurements are possible. For this proceswkmontrol points or
GCPs or GPS location readings are required. Thas#rol points should
generally be well spaced for example near the awrn&f the map.

Depending on the software used, minimum of fountpare required.

An error limit needs to be specified. This is thaximum error that is
acceptable to register your paper map. The defatdor limit is 0.004
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inches (or its equivalent units). Once we enteriaimum of 4 pairs of
map and paper control points, the software cal@gdathe Root Mean
Square (RMS) error and compares the value withotieyou specified in
the Error Limit edit box. If the calculated erros less than the specified
error limit, then the georeferencing coordinatestezed are much
accurate and one can proceed with the georefergndibse the process

has to be worked on again.
RMSerror

The Root Mean Square (RMS) error represents tlierdifce between the
original control points and the new control poimichtions calculated by
the transformation process. The transformation ec¢atlicates how much
the map being digitised will be scaled to match treal-world

coordinates.

The RMS error is given in both page units and irpraaits. To maintain
highly accurate geographic data, the RMS error stidoe kept under
0.004 inches (or its equivalent measurement in dberdinate system
being used). For less accurate data, the value lbaras high as 0.008

inches or its equivalent measure.

Common causes of high RMS error are - incorrectbitided control

points, careless placement of control points on thap sheet, and
digitising from a wrinkled map. For more accuratsults when digitising
a control point, check that the cursor remains eead on the control

point.

2.3.1.9 Digitization Errors

Process of digitization involves creation of vedayers using digitizing
tools. It is a method of converting raster datavinector data. This vector
data can be stored as point feature, like settlasjerells; line feature are

drawn for roads and railway lines, sometimes riviers, Polygon features
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are created to demarcate agricultural or forest gyas, water bodies like

dams,

In this process a satellite image covering aredandérest or raster map
containing desired features is used as backgrourtifaatures are traced
over it with the help of digitizing tools available the GIS software.
Separate vector layers are created for differerdtiees for example-

roads, rivers, railways, water bodies, land usellsyetc.

Before starting off with digitization, snapping é¢ochnce has to be set

namely, vertex snapping, edge snapping and endoSmap
Tolerance

Setting the tolerance is an important part of dmftion and database
building. Snap tolerance, Grain tolerance , seddramce, weed tolerance

and fuzzy are most commonly used.

The distance within which a new arc will be extehde intersect an
existing arc is called the arc snapping toleranfenode or a vertex is
created at the new intersection of the connectitg.a

The node snap tolerance is the minimum distandamwithich two nodes

will be joined (matched) to form one node.
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The grain tolerance controls the number of vertiocgsan arc and the
distance between them along curved lines. The emdhle grain
tolerance, the closer vertices can be. The gralerémce is also used for
densifying the number of arcs in a curve. Wheraasngtolerance will
affect the shape of newly created curves, it hagffect on shape when

used to densify existing arcs.

Weed tolerance specifies the minimum distance patadjacent vertices
on an added arc. The distance must be a posittegén or real number.

The circle represents the weed tolerance. The ventéx added must be

outside the circle. If you try to digitize a vert@khin the weed tolerance
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of the previous vertex, the vertex is deleted, laibdneard and an error

message is displayed

Coverage resolution is influenced by the fuzzyréolee, which represents
the minimum distance separating all arc coordingtesdes and vertices)
in a coverage. By definition, it also defines th&tahce a coordinate can
move during certain operations. The fuzzy tolerasan extremely small
distance used to resolve inexact intersection iocat due to limited

arithmetic precision of computers. Fuzzy toleramabies typically range

from 1/10,000 to 1/1,000,000 times the width ofcihverage extent

2 ARC/INFO Help 8] i=1E5]

Eile Edit Bookmark Options Help

Help Topics|  Back << e Glossary | Commands

Fuzzy tolerance

Top Related Topics
Because arc coordinates can move by as much as the fuzzy tolerance distance, many potential ~

problems in a coverage can be resolved by processing a coverage with commands that use the fuzzy
tolerance. These include handling of extrermely small overshoots or undershoots, automatic sliver
rermoval of duplicate segments, and coordinate thinning along arcs

[] ]
<
1. Along each arc .. z. vertexto vertex line segments
are created and ove rlaid
(0

& Coordinates within the fuzzy 4. and set equalto each other.
tolerance are identified

Choose the fuzzy tolerance value you enter as a CLEAN argument carefully. A fuzzy tolerance that is
too small may cause two kinds of problems: arc intersections may not be created or extremely small
slivers may not be successfully cleaned. Conversely, a fuzzy tolerance that is too large may cause
some features to move too much (e.g., surveyed section corners within a Township Range grid),
polygons to collapse, or arcs to merge which should not.

The fuzzv tolerance is specified as an arournent to many commands fe.o. CLEAM. CLIP. BUFFER. b

Digitization requires a lot of patience. The tooidatask may seem simple,
but there are a lot of precision involved in gerierg a smooth map with
minimum errors, specially while calculating the areithin an enclosed
boundary or the length of the road, etc. The mashraon error while
digitization are dangles created in a line file astivers created in a

polygon file.
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Dangles

Dangles are topological errors where an arc or adidoes not end at the
point where it should. These are created due toropgr digitization.
Dangles are of two types - overshoots and undetshoo
Overshoots

When an arc or a line does not end at its termorapoint on another arc

and goes beyond it is called as overshoot.

Undershoots
When an arc or a line finishes before connectingriother arc on desired
location it is called as undershoot.

Spurious Polygons

Spurious polygons or slivers are often created myiroverlay of two or
more polygon layers. Slivers are small polygonscWhiesults due to

overlay operations of polygons whose edges do attim
Avoiding/removing Dangles and spurious polygons

Dangles can be avoided it proper snapping toleraiscelefines before

starting digitization. Even then if dangles are ated then these can be
removed during ‘cleaning’ of vector layers- at thtime also desired

tolerance should be set and cleaning is done waiudbmatically removes
dangles.

Spurious polygons can be removed during cleaningraipn by setting

proper tolerance values.

2.4 Summary

This unit elaborates the various types of non-gpatata, that are available and how

they can be arranged such that they can be used spatially rectified data. Some

important aspects of data, like data warehouse r@edadata have also been discussed.

We also learn about collecting GPS data its coneargand use with other databases.
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Database creation form various analogue datasets rawt independent of errors. The

most common and critical database errors have lbsrussed here.

2.5 Glossary

» Geographic Domain- A reference system that uses latitude and longiteddefine
the locations of points on the surface of a spherespheroid. A geographic

coordinate system definition includes a datum, primeridian, and angular unit.

» Georeferencing- Aligning geographic data to a known coordinateteysso it can be
viewed, queried, and analyzed with other geographata. Georeferencing may
involve shifting, rotating, scaling, skewing, anad some cases warping, rubber

sheeting, or orthorectifying the data.

 Mosaic- A raster dataset composed of two or more mergeterasgatasets—for
example, one image created by merging severalighah images or photographs of

adjacent areas.

» Shapefiless A vector data storage format for storing the lecai shape, and
attributes of geographic features. A shapefiletwmesd in a set of related files and

contains one feature class.

* Spurious- not genuine, authentic, or true; not from the eiad, pretended, or proper

source; counterfeit.
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4th ed., Prentice Hall Series in Geographic Infotima Science, Prentice-Hall
Inc., Upper Saddle River, New Jersey. ISBN NO: 866273
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3. Clarke, Keith C., Parks, Bradley O., and Michael Rrane (eds.).
2001. Geographic Information Systems and EnvirartadeModeling. Published
by Prentice-Hall Inc., Upper Saddle River, New &grdSBN NO 10:
0130408174 ISBN 13: 9780130408174

2.8 Terminal Questions

1 What is data warehouse and metadata?
2 Name 5 database errors.

3 Name and briefly explain any 3 types of tolerances.

*kk
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3.1 What is a DEM?

Digital Terrain Model or DTM is a digital represeation of a topographic surface
interpolated from the surveyed contours. It willt noclude surface features such as
buildings and trees. This extra information is ofteeferred to as 'clutter' and can be
found typically in a laser scanned Digital Elevatidlodel (DEM). Digital Elevation
Models are data files that contain the elevationtlué terrain over a specified area,
usually at a fixed grid interval over the "Bare Hal. For practical purpose this "Bare

Earth" DEM is generally synonymous with a Digita@riain Model (DTM).

Quality DEM products are measured by how accurhtedlevation is at each pixel and
how accurately the morphology is presented. Sevacabrs are important for quality of

DEM-derived products:
* Terrain roughness
» Sampling density (elevation data collection method)
e Grid resolution or pixel size
* Interpolation algorithm
» Vertical resolution
* Terrain analysis algorithm

Common uses of DEMSs include:
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DEM's may be used in the generation of three-dimeas graphics displaying
terrain slope, apsect (direction of slope), andraer profiles between selected

points.
» Extracting terrain parameters
* Modeling water flow or mass movement (for exaniatedslide$
» Creation of relief maps
* Rendering of 3D visualizations
* Creation of physical models (including raised-rélieaps)
* Rectification of aerial photography or satelliteagery

* Reduction (terrain correction) of gravity measurense (gravimetry, physical

geodesy)
» Terrain analyses in geomorphology and physical geoigy
Break Line

Breaklines define and control surface behavioreémts of smoothness and continuity. As
their name implies, breaklines are linear featurésey have a significant effect in terms
of describing surface behavior when incorporatedairsurface model such as a TIN.
Breaklines can describe and enforce a change irb#tevior of the surface. Two types

of breaklines are included in this layer: hard asuft.

Hard breaklines define interruptions in surface smoothness and tgpecally used to
define streams, ridges, shorelines, building footgs dams, and other locations of

abrupt surface change.

Soft breaklinesare used to ensure that known "Z" (elevation) galalong a linear
feature (such as a roadway) are maintained in a. 3hift breaklines can also be used to

ensure that linear features and polygon edges aamtained in the TIN surface model
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by enforcing the breakline as TIN edges. Soft bimeedk however, do not define

interruptions in surface smoothness.
* Mass Points

Mass Points are irregularly distributed sample gsireach with an x/y location and a z-
value, which are used as the basic elements tad bailTIN. Each mass point has
important, yet equal, significance in terms definthe TIN surface. Ideally, the location
of each mass point is intelligently chosen to ceptmportant variations in the surface's

morphology.
 TIN

A triangulated irregular network (TIN) is a digitalata structure used in a geographic
information system (GIS) for the representatioracurface. A TIN is a vector based
representation of the physical land surface or $edtom, made up of irregularly
distributed nodes and lines with three dimensiooabrdinates (x,y, and z) that are
arranged in a network of non-overlapping triangl83Ns are often derived from the
elevation data of a rasterized digital elevationdab(DEM). An advantage of using a
TIN over a raster DEM in mapping and analysis isttlthe points of a TIN are
distributed variably based on an algorithm that efetines which points are most
necessary to an accurate representation of theaterrData input is therefore flexible
and fewer points need to be stored than in a raBtEM, with regularly distributed

points. A TIN may be less suited than a raster O&Mertain kinds of GIS applications,

such as analysis of a surface's slope and aspect.

A TIN comprises a triangular network of verticespwn as mass points, with associated
coordinates in three dimensions connected by etlyderm a triangular tessellation.
Three-dimensional visualizations are readily crelatey rendering of the triangular
facets. In regions where there is little variatiom surface height, the points may be
widely spaced whereas in areas of more intenseatran in height the point density is

increased.

* The Delaunay Triangulation
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Delaunay triangulation is a proximal method thatisties the requirement that a circle

drawn through the three nodes of a triangle wilhtzon no other node

Delaunay triangulation has several advantages @tker triangulation methods:

The triangles are as equi-angular as possible, tmaducing potential numerical
precision problems created by long skinny trianglessuring that any point on the
surface is as close as possible to a node. Thegtikation is independent of the order the

points are processed

3.2 Sources to create a DEM

The availability of digital elevation models (DEMs)critical for performing geometric
and radiometric corrections for terrain on remotetgnsed imagery, and allows the
generation of contour lines and terrain models, sthproviding another source of

information for analysis.

Present mapping programs are rarely implementett witly planimetric considerations.
The demand for digital elevation models is growivith increasing use of GIS and with
increasing evidence of improvement in informatistracted using elevation data (for
example, in discriminating wetlands, flood mappiramnd forest management). The
incorporation of elevation and terrain data is craicto many applications, particularly

if radar data is being used, to compensate for sbogtening and layover effects and
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slope induced radiometric effects. Elevation dataused in the production of popular

topographic maps.

Elevation data, integrated with imagery is also diger generating perspective views,
useful for tourism, route planning, to optimizewsefor developments, to lessen visibility
of forest clear cuts from major transportation resit and even golf course planning and
development. Elevation models are integrated inéogrogramming of cruise missiles, to

guide them over the terrain.

Resource management, telecommunications planniyralitary mapping are some of

the applications associated with DEMs.

3.2.1 Contours and Interpolation

Contour lines are isolines showing equal elevatibhis is the most common way
of numerically showing elevation, and is familiesrh topographic maps. During
the mapping process, contours can be determineskebgral different methods,
both on the ground and from the air. Surveyors sghisticated equipment such
as total stations (electronic versions of the oldveyor's transit) to map out

contours onsite.

A primitive way to map contours on the ground, &g that easily illustrates the

same process undertaken by electronic instruméntkirough the use of a line

level. A string of a specific length (oftentimegh¢imeters) is attached between
two poles of equal height, which is leveled by $peit bubble at the center.

Instruments like Dumpy level and theodolites weteresively used before the
bloom of the digital techniques.

>\\ : f/(

\\\/

/
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Interpolation is the process of drawing contourelnby inferring their plan
position and trend from spot levels or from othemntours, assuming the
intervening ground to have uniform slope. Matheon@ticomputation for the
location of each line would be time-consuming armlldl increase with the

number of lines or contour intervals.

With the advent of digital softwares and techno)dgg contours were created by

digitization on maps into digital contour layers.

Elevation data has traditionally been generatedrirthe interpolation of contour

information.

3.2.2 Baseline Thematic Mapping

There is a growing demand for digital databasegapfographic and thematic
information to facilitate data integration and efnt updating of other spatially
oriented data. Topographic maps consist of elematontours and planimetric
detail of varied scale, and serve as general bagermation for civilian and

military use.

Baseline thematic mapping (BTM) is a digital intaigpn of satellite imagery,
land use, land cover, and topographic data to paan "image map" with
contour lines and vector planimetry information.i'imew concept of thematic
mapping was developed to take advantage of imprentsmn digital processing
and integration of spatial information, increasednwpatibility of multisource
data sets, the wide use of geographic informatigstesns to synthesize
information and execute analyses customized fouslee, and increased ability to
present the data in cartographic form. The data lfaseline thematic maps are
compiled from topographic, land cover, and infrasture databases.
Appropriate thematic information is superimposed arbase map, providing
specific information for specific end users, sushr@source managers. Various
combinations of thematic information may be dispthyo optimize the map

information for application specific purposes, wiet for land use allocation,
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utility site selection and route planning, waterdhemmanagement, or natural

resource management and operations.

3.2.3 DEM from remote sensing data

Generating DEMs from remotely sensed data can beeaftective and efficient. A
variety of sensors and methodologies to generatlh swodels are available and
proven for mapping applications. Two primary methafdgenerating elevation

data are

1. Stereogrammetry techniques using airphotos (@rammetry), VIR imagery,

or radar data (radargrammetry), and

2. Radar interferometry

3.2.3.1 Stereogrammetry

Stereogrammetry involves the extraction of elewvaiitformation from
stereo overlapping images, typically airphotos, SP@agery, or radar.
To give an example, stereo pairs of airborne SAR dae used to find
point elevations, using the concept of parallaxn®ars (lines of equal
elevation) can be traced along the images by opesatonstantly viewing
the images in stereo. The basic data requirement bwoth
stereogrammetric and interferometric techniqueth&t the target site has
been imaged two times, with the sensor imagingtipasi separated to

give two different viewing angles.
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3.2.3.2 Radar Interferometry

The potential of radar interferometric techniques measure terrain
height, and to detect and measure minute changeslamation and

horizontal base, is becoming quickly recognized.

Interferometry involves the gathering of precisevation data using
successive passes (or dual antenna reception) axfefimrne or airborne
SAR. Subsequent images from nearly the same traclacguired and
instead of examining the amplitude images, the @ha®rmation of the
returned signals is compared. A computation of phedegration, and
geometric rectification are performed to determadgtude values. High
accuracies have been achieved in demonstratiomgyusath airborne (in

the order of a few centimeters) and spaceborne (atde order of 10m).
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Primary applications of interferometry include highuality DEM
generation, monitoring of surface deformations (swament of land
subsidence due to natural processes, gas removalgroundwater
extraction; volcanic inflation prior to eruption;etative earth movements
caused by earthquakes), and hazard assessmenta@mtbrimg of natural
landscape features and fabricated structures, saglilams. This type of
data would be useful for insurance companies whddcbetter measure
damage due to natural disasters, and for hydrolsggeialty companies
and researchers interested in routine monitoringica jams for bridge
safety, and changes in mass balance of glaciersotmano growth prior

to an eruption.

From elevation models, contour lines can be gemerdbr topographic
maps, slope and aspect models can be created tiegration into (land
cover) thematic classification datasets or usechasle data source, or
the model itself can be used to orthorectify renssesing imagery and

generate perspective views.

3.2.3.3 USGS - SRTM

The Shuttle Radar Topography Mission (SRTM) wasnflaboard the
space shuttle Endeavour on February 11 - 22, 208RTM data are
intended for scientific use with a Geographic Imi@ation System (GIS) or
other special application software. The radars uskding the SRTM

mission were actually developed and flown on twddanour missions in

DIP and Mapping 53 Uttarakhand Open University



Unit 3

Digital Elevation Model

1994. The Spaceborne Imaging Radar-C (SIR-C) arel XaBand
Synthetic Aperture Radar (X-SAR) hardware were usedboard the
space shuttle to gather data about Earth's enviremmA key SRTM
technology was radar interferometry, which compated radar images
or signals taken at slightly different angles. Biéinces between the two

signals allowed for the calculation of surface algon.

The elevation models are arranged into tiles, eaavering one degree of
latitude and one degree of longitude, named acogrdio their south
western corners. It follows that "n45e006" streche
from 45°N 6°E to 46°N 7°E . The resolution of tle#scof the source data
is one arc second, but 1" (approx. 30 meter) dateehonly been released
over United States territory; for the rest of therd, only three-arc-

second (approx. 90-meter) data are available.

3.2.3.4 ASTER DEM

ASTER (Advanced Spaceborne Thermal Emission andeciai
Radiometer) is a Japanese sensor which is onevefrémote sensory
devices on board the Terra satellite launched E#oth orbit by NASA in
1999. The instrument has been collecting surfidala since February
2000.

ASTER provides high-resolution images of the Earths different bands
of the electromagnetic spectrum, ranging from Wsto thermal infrared
light. The resolution of images ranges betweendlSQ meters. ASTER
data are used to create detailed maps of surfacepésature of land,

emissivity, reflectance, and elevation.

On 29 June 2009, the Global Digital Elevation Mod@DEM) was
released to the public. A joint operation betweeASR and Japan's
Ministry of Economy, Trade and Industry (METI), tdobal Digital

Elevation Model is the most complete mapping ofdhagh ever made,
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covering 99% of its surface. The previous most cehgnsive map,
NASA's Shuttle Radar Topography Mission, coverguamately 80%
of the Earth's surface, with a global resolution @ meters, and a
resolution of 30 meters over the USA. The GDEM rsothee planet from
83 degrees North to 83 degrees South (surpassii@g/iSRcoverage of 56
°S to 60 °N), becoming the first earth mapping esysthat provides
comprehensive coverage of the Polar Regions. It wesated by
compiling 1.3 million VNIR images taken by ASTER@single-pass
stereoscopic correlation techniques, with terralavation measurements

taken globally at 30 meter (98 ft) intervals.

3.2.3.5 LIDAR

Light Detection and Ranging (LIDAR) techniques sis@lar principles to

those of Radio Detection and Ranging (RADAR) vii¢ghexception that it
utilizes a laser beam instead of radio waves. Aineosystems typically
collect topographic elevation measurements of tiréase in the form of

positional X, Y, Z coordinates at pre-defined ixtds.

The data produced from a LIDAR sensor in its mostraon form, is often
represented by a series of spatial coordinatesnnAanerican Standard
Code for Information Interchange file (ASCII). Tdata in the file is
recorded in a tabular format where each line hasrdinate information
separated by a common delimiter. The data can declather attribute
information for each point as well. There are additl ways to represent
LIDAR data such as LAS format, which is an altexgato the generic

ASCII file format used by many companies.

Softwares can interpolate elevations from the LIDdgRa in LAS format
directly to generate a continuous raster digitatffagse model. Single LAS
file or several adjacent LAS vector files couldused together to generate

a seamless surface. This is an important featutie WDAR data because
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most often the data will be split into tiles to yeat the datasets from

becoming too large in file size.

3.3 Terrain mapping : Slope, Aspect, Viewshade,i&el

3.3.1 Slope

Slope is defined by a plane tangent to a topogr@aphrface, as modelled by the
DEM at a point. Slope is classified as a vector; agch it has a quantity
(gradient) and a direction (aspect). Slope gradisndefined as the maximum rate
of change in altitude as the compass directiorh®f maximum rate of change.

3.3.2 Types of slopes

Depending on the military mission, soldiers maydheedetermine not only the
height of a hill, but the degree of the hill's stogs well. The rate of rise or fall of
a terrain feature is known as its slope. The spaédwhich equipment or
personnel can move is affected by the slope afritvend or terrain feature. This
slope can be determined from the map by studyiegdmtour lines—the closer
the contour lines, the steeper the slope; the &rdpart the contour lines, the

gentler the slope. Four types of slopes that camtiee military are as follows:

3.3.2.1 Gentle

Contour lines showing a uniform, gentle slope Wwél evenly spaced and
wide apart. Considering relief only, a uniform, ¢jenslope allows the
defender to use grazing fire. The attacking fores ko climb a slight

incline.
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Uniform, gentle slope

3.3.2.2 Steep

Contour lines showing a uniform, steep slope onap will be evenly
spaced, but close together. Remember, the clogecdhtour lines, the
steeper the slope. Considering relief only, a unifosteep slope allows
the defender to use grazing fire, and the attackange has to negotiate a

steep incline.

Uniform, steep slope

3.3.2.3 Concave

Contour lines showing a concave slope on a mapbailtlosely spaced at
the top of the terrain feature and widely spacethatbottom. Considering

relief only, the defender at the top of the sloge cbserve the entire slope
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and the terrain at the bottom, but he cannot useigg fire. The attacker
would have no cover from the defender's observaifdite, and his climb

would become more difficult as he got farther upgtope.

Concave slope

3.3.2.4 Convex

Contour lines showing a convex slope on a maphelividely spaced at
the top and closely spaced at the bottom. Considerelief only, the
defender at the top of the convex slope can oldasmall distance of
grazing fire, but he cannot observe most of theeslor the terrain at the
bottom. The attacker will have concealment on mbshe slope and an

easier climb as he nears the top.

Convex slope
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3.3.3 Aspect

Aspect identifies the steepest downslope diredtam each cell to its neighbors.

It can be thought of as slope direction or the casgpdirection a hill faces.

Aspect is measured clockwise in degrees from O K(duin) to 360 (again due

north), coming full circle.

The value of each cell in an aspect dataset ind#te direction the cell's slope

faces. Flat areas having no downslope directiongiven a value of -1.

3.3.4 Viewshade

Viewshed identifies the cells in an input rastatttan be seen from one or more
observation points or lines. Each cell in the outpaster receives a value that
indicates how many observer points can be seen &ach location. If you have

only one observer point, each cell that can seedbaerver point is given a value
of one. All cells that cannot see the observer tpaia given a value of zero. The
observer points feature class can contain pointdr@s. The nodes and vertices

of lines will be used as observation points.

3.3.5 Relief

Relief is the representation (as depicted by themeker) of the shapes of hills,
valleys, streams, or terrain features on the eartiurface. It usually refers to the
terrain of the place. For example, plain, plateawuntain, hill etc. are forms of

relief. In a topographic map relief is generallyostn by the contours. A relief
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map can be created from dividing the contour patieinto different landforms.

Hence it is a physical map that shows changesewagion.

3.3.5.1 Terrain Features

All terrain features are derived from a complex damss known as a
mountain or ridgeline. The term ridgeline is noterchangeable with the
term ridge. A ridgeline is a line of high groundsually with changes in
elevation along its top and low ground on all sidesm which a total of

10 natural or man-made terrain features are clasdif

Ridgeline

3.3.5.2 Major Terrain Features

(1) Hill. A hill is an area of high ground. From hilltop, the ground
slopes down in all directions. A hill is shown omap by contour lines
forming concentric circles. The inside of the sestliclosed circle is the
hilltop.
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(2) Saddle. A saddle is a dip or low point betwégo areas of higher
ground. A saddle is not necessarily the lower grbbatween two hilltops;
it may be simply a dip or break along a level ridgest. If you are in a
saddle, there is high ground in two opposite diet and lower ground

in the other two directions. A saddle is normalgpresented as an

hourglass.
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(3) Valley. A valley is a stretched-out groovehea land, usually formed
by streams or rivers. A valley begins with highugrd on three sides, and
usually has a course of running water through fitstanding in a valley,
three directions offer high ground, while the fdudirection offers low
ground. Depending on its size and where a persataisding, it may not
be obvious that there is high ground in the thincction, but water flows
from higher to lower ground. Contour lines formiagalley are either U-
shaped or V-shaped. To determine the direction miatéowing, look at
the contour lines. The closed end of the contaoe U or V) always

points upstream or toward high ground.
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Valley

(4) Ridge. A ridge is a sloping line of high gnolu If you are standing on
the centerline of a ridge, you will normally hawan ground in three
directions and high ground in one direction withryiag degrees of slope.
If you cross a ridge at right angles, you will cbrsteeply to the crest and
then descend steeply to the base. When you mong #ie path of the
ridge, depending on the geographic location, themay be either an
almost unnoticeable slope or a very obvious incli@ntour lines
forming a ridge tend to be U-shaped or V-shapeca @losed end of the

contour line points away from high ground.

Ridge

(5) Depression. A depression is a low point ia ¢glmnound or a sinkhole.
It could be described as an area of low ground sunded by higher
ground in all directions, or simply a hole in theognd. Usually only
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depressions that are equal to or greater than thetaur interval will be
shown. On maps, depressions are represented bgdctamtour lines that

have tick marks pointing toward low ground.

Depression
3.3.5.3 Minor Terrain Features

(1) Draw. A draw is a less developed stream oedihsin a valley. In a
draw, there is essentially no level ground and,refae, little or no
maneuver room within its confines. If you are stagdin a draw, the
ground slopes upward in three directions and dowmwia the other
direction. A draw could be considered as the ihiteamation of a valley.
The contour lines depicting a draw are U-shapedveshaped, pointing

toward high ground.
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(2) Spur. A spur is a short, continuous slopimge lof higher ground,
normally jutting out from the side of a ridge. Ausjs often formed by two
rough parallel streams, which cut draws down theesof a ridge. The
ground sloped down in three directions and up ie direction. Contour
lines on a map depict a spur with the U or V paigtaway from high

ground.

Spur

(3) CIiff. A cliff is a vertical or near verticdleature; it is an abrupt
change of the land. When a slope is so steep tmatcontour lines
converge into one "carrying” contour of contourkistlast contour line
has tick marks pointing toward low ground. Cliffseaalso shown by
contour lines very close together and, in someams#s, touching each
other.

DIP and Mapping 64 Uttarakhand Open University



Unit 3 Digital Elevation Model

Cliff

Cliff
c. Supplementary Terrain Features.

(1) Cut. A cut is a man-made feature resultingnfrcutting through
raised ground, usually to form a level bed for adoor railroad track.

Cuts are shown on a map when they are at leastdibhigh, and they are
drawn with a contour line along the cut line. Thntour line extends the
length of the cut and has tick marks that extewdnfthe cut line to the

roadbed, if the map scale permits this level o&ilet

7
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Cut and fill
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(2) Fill. Afill is a man-made feature resultiigpm filling a low area,
usually to form a level bed for a road or railro&@ck. Fills are shown on
a map when they are at least 10 feet high, and #reydrawn with a
contour line along the fill line. This contour lirextends the length of the
filled area and has tick marks that point towardvr ground. If the map
scale permits, the length of the fill tick markse atrawn to scale and

extend from the base line of the fill symbol

3.3.5.4 Methods of depicting relief

Mapmakers use several methods to depict relidfeterrain.

a. Layer Tinting. Layer tinting is a method obwgling relief by color. A
different color is used for each band of elevatiBach shade of color, or
band, represents a definite elevation range. Aridge printed on the map
margin to indicate the elevation range representagd each color.
However, this method does not allow the map uséetermine the exact

elevation of a specific point—only the range.

b. Form Lines. Form lines are not measured frony @atum plane.
Form lines have no standard elevation and give anlgeneral idea of
relief. Form lines are represented on a map as dddimes and are never

labeled with representative elevations.

c. Shaded Relief. Relief shading indicates refigf a shadow effect
achieved by tone and color that results in the daimkg of one side of
terrain features, such as hills and ridges. Thekeéarthe shading, the
steeper the slope. Shaded relief is sometimes imsednjunction with

contour lines to emphasize these features.

d. Hachures. Hachures are short, broken linesduse show relief.
Hachures are sometimes used with contour linesy Tuenot represent

exact elevations, but are mainly used to show largeky outcrop areas.
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Hachures are used extensively on small-scale mapshow mountain

ranges, plateaus, and mountain peaks.

e. Contour Lines. Contour lines are the most commethod of showing
relief and elevation on a standard topographic mdp.contour line
represents an imaginary line on the ground, abavbatow sea level. All
points on the contour line are at the same elewatibhe elevation
represented by contour lines is the vertical diseabove or below sea
level. The three types of contour lines used onaadard topographic

map are as follows:

Contour lines

(1) Index. Starting at zero elevation or mean Igsal, every fifth contour
line is a heavier line. These are known as indexaa lines. Normally,
each index contour line is numbered at some pdihts number is the

elevation of that line.

(2) Intermediate. The contour lines falling betwethe index contour
lines are called intermediate contour lines. Théses are finer and do
not have their elevations given. There are normétlyr intermediate

contour lines between index contour lines.
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(3) Supplementary. These contour lines resembkhaels. They show
changes in elevation of at least one-half the contoterval. These lines
are normally found where there is very little chang elevation, such as

on fairly level terrain.

3.4 Summary

This unit introduces another form of digital datiag digital elevation model or the DEM.
The basic concepts of the construction of a digalvation model have also been
elaborated here. The various types of elevatiora dlatdigital format is also described
here. The various sources of elevation informatiater to the various types of elevation
data varying is scale. The derivation for infornoatj like slope, aspect, etc, is also

included here.

3.5 Glossary

Digital- Any data in computer readable format usually stavednagnetic tape, CD, disk

or hard drive.
Elevation-Vertical distance of a point above or below a refeze surface or datum.

Isolines- A line connecting points of equal value on a maplimes fall into two classes:
those in which the values actually exist at poirsisch as temperature or elevation
values, and those in which the values are ratia$ #&xist over areas, such as population
per square kilometer or crop yield per acre. Thetftype of isoline is specifically called
an isometric line or isarithm; the second typeadied an isopleth.

LIDAR- Acronym for light detection and ranging. A remegssing technique that uses

lasers to measure distances to reflective surfaces.

Terrain- An area of land having a particular characteristgiich as sandy terrain or

mountainous terrain.
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3.6 References

[ —

. http://www.satimagingcorp.com/svc/dem.htmi

2. http:/Irockyweb.cr.usgs.gov/elevation/dpi_dem.html

3. http://www.radio-soft.co.uk/mapdata.html

4. http://hkss.cedd.gov.hk/hkss/eng/studies/naturalfierms.htm

5. http://www.vgi.mod.gov.rs/english/products/digikalptk300/edptk300.html
6. http://www.ian-ko.com/resources/triangulated_iroégy network.htm

7. http://fen.wikipedia.org/wiki/Triangulated_irregulanetwork

8. http://www.webref.org/geology/i/interpolation_of ntours.htm

9. http://www.tpub.com/content/engineering/14070/c837D_172.htm

10. http://www1.gsi.go.jp/geowww/globalmap-gsi/gtopgz@ers/local.html
11. http://www.geog.ubc.ca/courses/geog570/talks 20@des calculation.html

12. http://webhelp.esri.com/arcgiSDEsktop/9.3/indexXfopicName=Performing_a
_viewshed_analysis

13. http://www.map-reading.com/ch10-5.php

14. http://www.map-reading.com/chap10.php

3.7 Suggested Readings

1. Burrough, Peter A. and Rachael A. McDonnell. 19®&nciples of Geographical
Information Systems. Published by Oxford UniveBigss, Toronto. ISBN13:
9780198233657 ISBN10: 0198233655

2. Longley, P.A., M.F. Goodchild, D.J. Manguire, D.Rhind, Geographical
Information System

Volume I: Principal and Technical Issues
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Volume II: Management Issues and Applications
Published by John Wiley & Sons ISBN NO: 978-0-43945-8

3. O’'Sullivan, David and David J. Unwin. 2003. Geognaplnformation Analysis
Published by John Wiley & Sons, Inc, Hoboken, Nensey ISBN NO 10:
0471211761 ISBN 13: 9780471211761

3.8 Terminal Questions

1. What is a DEM? What does it show or represent? Namsges of DEM.

2. What are the different terrain types that are mapfrem a DEM? Give 1 line

description of each.

3. What is a TIN? Give 3 differences between a TINabBdEM.

*kk
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4.1 Introduction

"A picture is worth a thousand words" Emperor o thia Dynasty in China about 4,000

years ago.

A map is a graphic representation or scale modedptial concepts. It is a means for
conveying geographic information. Maps are a ursakrmedium for communication,
easily understood and appreciated by most peopglgandless of language or culture.
Incorporated in a map is the understanding thasit "snapshot” of an idea, a single
picture, a selection of concepts from a constactianging database of geographic
information. Maps are one means by which scientisisibute their ideas and pass them

on to future generations.

A map can display only a few selected featureschwhre portrayed usually in highly
symbolic styles according to some kind of clasdific scheme. In these ways, all maps

are estimations, generalizations, and interpretasiof true geographic conditions.

All maps are made according to certain basic asdionp, for example sea-level datum,
which are not always true or verifiable. Lastlypeap is the product of human endeavor,
and as such may be subject to unwitting errorsrepigesentation or bias. In spite of
these limitations, maps have proven to be remaykallaptable and useful through

several millennia of human civilization.

4.1.1 Cartography

Cartography is the art and science of making majpe purpose of the map along
with the placement of all the components, like hegdscale, index, legend,
labels, the colours and symbol which represent emmimponent, contribute in
making the map useful. This very subject of présgrihe aesthetics of a map is

cartography.
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4.1.2 Brief History of Cartography

4.1.2.1 Early Maps

The oldest known maps are preserved on Babylorian teblets from
about 2300 B.C. Cartography was considerably adednen ancient
Greece. The concept of a spherical Earth was wein among Greek
philosophers by the time of Aristotle (ca. 350 Babd has been accepted
by all geographers since.

Greek and Roman cartography reached a culminatiath Glaudius
Ptolemaeus (Ptolemy, about A.D. 85-165). His "wandp" depicted the
Old World from about 60°N to 30°S latitudes.
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The first image is one of the ancient Chinese nfap® Dr. Hendon
Harris Jr.'s collection, published in his book i@713. The second drawing

is the interpretation of the first map.

4.1.2.2 Medieval Maps

During the Medieval period, European maps were dated by religious
views. The T-O map was common. In this map fordetjsalem was

depicted at the center and east was oriented tovragdnap top.

4.1.2.3 Renaissance Maps

The invention of printing made maps much more widalailable
beginning in the 15th century. Maps were at firahied using carved
wooden blocks (see above). Among the most impartaptmakers of this
period was Sebastian  Minsterin  Basel (now  Swinell
His Geographia, published in 1540, became the nielad standard for
maps of the world.

Printing with engraved copper plates appeared ia t6th century and
continued to be the standard until photographic hteques were
developed. During the Age of Exploration in thehl&hd 16th centuries
map makers responded with navigation charts, whmpicted coast lines,
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islands, rivers, harbors, and features of sailimjerest. Compass lines
and other navigation aids were included, new mapjgations were
devised, and globes were constructed. Such mapglabds were held in
great value for economic, military, and diplomapigrposes, and so were
often treated as national or commercial secretassified or proprietary

maps.

(ANEW AND ACCVRAT MAP OF THENWORLD Sy scemiisa tof truekt Defirpteis latge Dfewmerics s bt olfcstives b brone male by ok o e,

Eaxrwe

S oy ik - - = Iy P e

4.1.2.4 Modern Maps

The first true world map is generally credited t@amin Waldseemdller in
1507. This map utilized an expanded Ptolemaic ptme and was the

first map to use the name America for the New World

Maps became increasingly accurate and factual duthe 17th, 18th and
19th centuries with the application of scientifiethrods. Nonetheless,
much of the world was poorly known until the widesgd use of aerial
photography following World War I. Modern cartogtapis based on a
combination of ground observations and remote sgnsiGeographic
information systems (GIS) emerged in the 1970-88i9¢. GIS represents

a major shift in the cartography paradigm. In tradnal (paper)
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cartography, the map was both the database andigpmay of geographic
information. For GIS, the database, analysis, ampldy are physically

and conceptually separate aspects of handling ggagc data.

4.2 Purpose of the Map

4.2.1 Topographic Maps

The subject of every map is a place. Topographigsnaae designed especially to
support a general exploration and discussion of #ssential physical and
cultural components of a place and it pertinent reundings and their

relationships with each other.

Data are chosen to represent these concepts; amdidita are transformed into
graphics portrayal in planimetric scale, and withtgeaphic hierarchy that makes
it intuitively easy for the reader to discover tkey concepts and relationships
that you intend to emphasize. The art of selectiragnsforming, and portraying
information on a map involves the delicate balaatanticipating and answering
reasonable questions related to your subject, wimtg overwhelming your
reader's attention with needless detail, or forcthg reader to work in order to

figure out what your map is intended to communicate
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4.2.1.1Titleand Labels

Include a Title that indicates the purpose for thap. This is a matter of
being concise. Don't make me guess what you aiggttp communicate

with this map.

Put your name, your institutional context, sourdepamary data and
date A map user expects a map to be biased, demenoin the

circumstances of its creation.

Include a caption that explains the critical contsepnd relationships you
are trying to illustrate. Without an explanation thie purpose of the map,
the user may waste their time trying to figure whiat the map's intention

is.

The caption should convey an idea of what speciitcepts are being
explored by the map, and how a specific dataseteas used to portray
an estimate the pattern that these concepts creatde ground. A good
caption will reflect on the fitness of the dataasexact reflection of the
ideal concepts. One way to make this simpler Ertply be clear that the
map is a portrayal of a specific collection of ohsgions made on a

certain class of real world objects, using a pautar method.

Label Key Elements on the Map. Certainly, any feathat you mention
in your caption should be clearly portrayed andd&dd on your map.

4.2.1.2 Scale, Projection and North

Cite Projection Method and Case All maps have desttzat should have
planimetric scale properties - that is a scale thatconstant in all
directions and portions of the map and the nortbte@and east west axes

should be at right angles to each other. These gntgs assure that
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shapes and relative sizes of objects and distamaltsbe represented
correctly. Understanding this requires knowledgehef projection method
used to transform the data for portrayal on the madperefore your
choice of map projection method and case shouldtaed near to the

north arrow and scale bar.

Put a graphical scale bar on the map. Most mapseh#ays are intended
to be viewed on computer screens or projected aganwall. In these
cases, a scale expressed as a fraction, eg. One tmcOne Mile or

1:63,000, is almost guaranteed to be wrong. Incalses a map should
include a graphic scale bar. Only include fractibsaales if you never to

share your map in any other way than paper print.

4.2.1.3 Incorporate a Graphical Hierarchy

The key concepts as discussed in your text sheutfiien emphasis with
a bright color and bold line-weights and labels.yKelationships may be
portrayed with diagramatic graphics. At a lessevdeof emphasis you
should provide a framework of reference for namedces and

circulation. There may be a hierarchy of emphasmsoag reference
elements, such as line-weights and colors to pgrttdferent grades of
roads. When color portrayal is an option, the colhite should be
reserved for non-map areas, such as margins, aedbtckground of
legend and text boxes. Other aspects of graphiatuRy are discussed in
the sections on topographic and thematic mapping.

4.2.1.4 Legend

A Concise Legend, if necessary the map legend ¢Hmilreserved for
making key distinctions that are important for urstending the points
you are making in your caption. Not every symbeldusn the map needs
to be in the legend. When the symbology on theisnsgif-explanatory, or
if the distinctions being symbolized objects is antaspect of the key
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concepts being described, then the map symbolsidshepeak for
themselves. When legends are included, the headindsdescriptions
should always be in plain english, avoiding crypfie names and
attribute codes. More tips on legends are discussethe section on

thematic maps, below.

4.2.2 Thematic Maps

Beyond an understanding of the current context pfaae, many documents will
include maps that portray data that helps to supgome assertion that one may
want to make about a place as it relates to otHacgs (in terms of land use or
demographics or some other theme.) These are knasvrthematic maps.
Thematic maps symbolize features according to #ieevof their attributes.
These attributes may be qualitative, or quanti&tiln the case of quantitative
maps, we make a distinction between attributes thptesent raw quantities

versus measures of intensity.

4.2.2.1 Elementsthat Every Thematic Map Should Have

All of the requirements for maps, of portraying @atextual framework,
listed above, apply also to thematic maps. There additional
considerations that also apply when we are trymgartray other sorts of

measurements and observations on out maps.

Contextual Framework Portraying data without somanfe of reference
results needless difficulty for your audience tdenstand the relationship
of the data or phenomena with the key places inadnd the area of

interest.

Concise, evocative legend your thematic data shbalde-categorized if
necessary so that your readers are not challengekieep track of more
than 5 different classes. Use plain terms in legeeddings and labels. If

you accept the software defaults for your legengela and headings,
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people who understand maps will also understand yoa simply don't

care about communicating.

Try not to hide important information in arbitrayiloroad categories The
categories portrayed in the legend, whether quaitaor quantitative,

should highlight distinctions that are useful.

Discuss the Aerial Precision of Mapping Units Wieethhe data are
guantitative or qualitative, thematic data have artgcular granularity.

For example Census Data may be aggregated at akBeel or Tract.
Land Use Data may only register distinctions fotghes of ground larger

than a stated Minimum Mapping Unit (like 5 acresa®0 meter cell.)

Graphical Hierarchy the same ideas about graphiz@rarchy that apply
to topographic maps may also apply with thematipsad his is especially
true with regard to the foreground layer of keydgpaphic features and a
reference layers to provide context. You may detmddrop some of the
labels used in your reference layer -- particulanyhen your map
document includes separate maps for presenting ¢toatextual

framework. Typically, the thematic layer will beetbackground layer of
the map but you may also use transparency and &algdoto at large

scale, or shaded relief at smaller (broader) scal&hen mixing

background layers with transparency you should &eful that whatever
background layers you use -- particularly aerialgpds and or shaded
relief, to not make the key distinctions in youarttatic layer more difficult

to read.

4.2.3 Quantitative Thematic Maps

Maps that portray quantitative measurements or sargrstatistics use tricks of
graphics that cause the audience to visually weigth compare aspects of places.
Making effective quantitative maps and interpretinbem requires an

understanding the two major types of quantitatiead Intensive Statistics,
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versus Raw Counts; and how the intuitive computethe eye/mind interprets
symbol color intensity versus symbol size. Intensstatistics (e.g. heat or

concentration) versus extensive, count statiseas. (veights or counts).

The cartographer should also understand two majlasses of symbols for
portraying quantitative properties: Proportional reypols change their visual
weight according to a quantitative property. These appropriate for extensive
statistics. Choropleth maps portray data collectiareas (such as counties, or
census tracts) with color. Color is best used tfpresent intensive statistics such
as percentages or densities. When using colontaig observe how the darkness
and intensity (or value) of the color is evaluatey the eye as a measure of

intensity or concentration.

Whenever you include a map portraying a proportguch as Percent of housing
units that are rental you should include a map staws the density of the total -
- e.g. total housing units per acre. It is oftee ttase that areas that are near the
ends of the scale in terms of proportion are ortet have very little actual
activity in them.

Whenever your legend involves quantities of ang,typur legend title or labels
should explicitly state the units. When normalizing density, please use an
aerial unit that has an evocative scale. Can yoeate a picture in your mind of
10,000 people in a Square Kilometer? What aboutR€@ple in a Hectare? (two

soccer fields.) Convert your units if you have to.

Handy Conversion Factors

You Have: Acres Hectares
Square Miles 640 259
Square Meters 4,047 10,000
0.001 Square Kilometer.047 10
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4.3 Mapping proportions and Scales

From the very start of a cartographic project, yowst keep an eye on the format of the
final production--its final size and proportions drthe media that will be used for
production. If your final map will occupy a half gain a journal printed on 8x10 inch
paper in black on white, you must design witholbrcavith the frame of the map in the
proportion of 4:5, and make allowances for lettgremd symbols that may be illegible at
small sizes. Strategies that work for one papes siay not work for another. Also, a
map placed in a book, journal, or thesis will usdyas captioned rather than titled and
some of the other information needed for effecteenmunication will move to this

caption.

4.3.1 Theissue of generalization, smplification, and abstraction

Cartography is very much a process of abstractionvhich features of the real
world are generalized or simplified to meet the deds of the theme and
audience. Not all elements or details have a beaon the pattern or process
being studied and so some are eliminated to draawéader's attention to those
facts that are relevant. Too much detail can eviee lor disguise the message of
a map. The amount of detail that can be includedery much dependent on the
scale at which the map will be produced, as thiefohg examples demonstrate.
A small-scale map of an area must, almost of nédgesse more generalized.
Some automated systems now have the ability toideroassistance in the

generalization and simplification of features.

Be aware, however, that adding just "a little" infation, unless done wisely,
can lead to confusion. Sometimes locator and imdags are used to help orient
the reader to the location of the area of interest.

Almost all maps must include certain basic elem#rds provide the reader with
critical information, like the title, scale, legendody of the map, north arrow,

cartographer, neatline, date of production, projent used, and information
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about sources. The placement of this informaticoh e style of its depiction will

vary greatly from map to map.
Elements are balanced within the visual hierarchyg &#ame of the map.

As a first approximation, the most important infatron should be featured near
the top or to the left of the map. Less importamd ancillary map elements can
be positioned toward the bottom and right. In gahéerms, the importance of a

given map element should be reflected in its pmsiaind the amount space it
occupies on the map.

most important

information

least important
information

Once the elements are arranged to reflect theirartgnce, attention can be
given to their overall balance in the map frameeTthea here is to distribute the
elements as evenly as possible within the map freonavoid unnecessary
crowding or, conversely, large blank areas. Thet@grapher can also align map

elements within the frame to allow readers to neasily scan the page

Mapintended tostand alone. Allthe gﬁﬂopk'i?ﬁ;fdm;?_'?r'.'flg';%“p“&nn'c,u|
_ESSEI’\'!O“ E|_E|'\’! El_'m% of the map are sarve the functions efthe tite and
includ ed within its frame. bi bliograp hic infermation.

SouTh America

Use desciptive fifles. )
A v d Avcidthings like "Legend
ey L o and Mapof. "
aden
_g— I portant infermation not
Categor 1 | dizcussed in the caption M

Categoy 2 | muzst beincluded on the

= Cotegon 5 map.
m Cotegon 4
m Cotegor 5

The bibliog i phic and
preduction dota should,
in mozt cozes, be ina
subodinote position on
the map.

4.3.1.1 Experiment with map layouts
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Experimentation is often required to achieve areative layout. You
might begin by preparing some simple sketches whyap. Sketches such
as this allow you to consider alternative layoutsfdse you begin to

compose the elements in detail.

| Title | Title

Legend

Sede and
producion

Legend

Legend

There should be a defensible reason for each eleplaced on a map

and for its composition

As you develop a design for a map, think carefallput every element--
does it play an essential function, could it bedified, does it require
elaboration, is it of critical importance to readeomprehension, or only
of background interest. Everything that appearsaanap should be there

for a defensible reason relating to message andesue.

4.3.1.2Lessismore

As you work, consider ways in which you can simpldur design and
make it more legible. Too much detail or too comgléayout can confuse
readers and work against effective communicatioro Dot avoid

experiments, but be sure to test them carefullly your potential readers.
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4.3.2 Scales

Maps are made to scale. In each case, the scalesepts the ratio of a distance
on the map to the actual distance on the ground. &@mple, if 2 cm on a

map....

2cm

Represents 1 km on the ground....

1km

Distance on the Map 2cm 2em

Distance on the Ground  — 1 krn ~ 100 000 cm

1
&0 000

1150 000 Scale

The scale would be 2cm =1 km, or....

Use the Scale Bar found at the bottom of everyoNati Topographic System
(NTS) map to determine distances between pointalarg lines on the map

sheet. (Note, the example below is not to scale.)

Scale 1/250 000 Echelle

Kilometres 5 0 b 10 15 20 25 30 Kilométres
CH H — I—| I—| |
Miles 5 1] h 10 15 20 Milles
I — —] —————— | ——— 1
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Use the secondary division on the left of the SBalefor measuring fractions of

a kilometer. The measurement indicated is aboukifoheters or 7 500 meters.

ghout T Sk or
FE00) metres
1

Kilometres 5 0 b 10
[

1 —— =

Miles 5 1] ]
=<

==

Large scale maper Snall scale maps

A large scale map shows greater detail becausadhke is a larger fraction than
a small scale map.

Large scale maps have a scale of 1:50,000 or gre€te24,000, 1:10,000).

Maps with scales from 1:50,000 to 1:250,000 are stbered intermediate.

Small scale maps are those with scales smaller tias0,000. A map of the
world that fits on two pages of letter sized paweuld be very small scale with a
scale of around 1:100,00,000.

Here are 3 views of the same location on maps aviterent scales:

R W

__..1:100,000 1:24,000

i

4.3.2.1 Selecting the scale for the map

On a small-scale map, such as a page-size map itdeBland, places of
religious worship occur at points, but on a largake map, such as a map
of a local neighborhood, individual buildings woul&ely be apparent,
and thus the focus might be on the area coveretthdylace of worship.

Similarly, a river could be considered a linear pbenenon on a small-
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scale map, but on a large-scale map, the emphasikide on the area

covered by the river. So, the map scale must bptaddo:

« The map content: Some special themes cannot have various
scales, but only the most logical one. For examplgyulation
density maps cannot be larger than 1:100 000 otfssvithe
mapped people are not representative (commuterng, laaorer,

etc.).

* The map purpose: The map scale must be adapted to the purpose
of the map and not to the first design or aesthetea of the
author. Here you should think how wide will the teaarea to be

mapped be?

* The map precision: With what measuring and counting will the
map be built? Here you should think how detailegl itiformation
you display on the map will be. With large scalepmathe

information is precise because they are less géizech

Large scale maps are on the whole not economiceasy to handle, and
sometimes misleading. And, small scales make orwtiwe the map
difficult to read, complicate, and sometimes areniegless. Which scale
is selected for a given map design problem wililfindepend on the map
purpose and physical size. The amount of geograptetail necessary to
satisfy the purpose of the map will also act asoastraint in scale

selection.

Generally, the scale used will be a compromise éetwthese two
controlling factors. When you represent the scabgbgically on the map,
the measurement dimensions and the line thickressdds be adapted to

the map graphics.
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4.4 Labeling

The general Map Labeling Problem consists of defjrpositions for the labels of several
graphical features (cities, roads, lakes, riverational parks, states, countries, etc.) of a

map, such that these features can be uniquelyifoseht

These rules are:

1. Readability: labels must have legible sizes;

2. Unambiguity: each label must be easily iderdifigth exactly one graphical feature;

3. Avoidance of overlaps: labels should not ovesagh other labels or other graphical

features.

Six general requirements for a good label placenaeatsummarized below:

Readability: chosen typeface, letter size and color on theharel and positioning
of the text on the other should support perception.

Definite attachment: it should be clear which object belongs to a text.

Avoidance of overlaps. the other map elements should not be coveredihlyeh

Spatial integration: the label, looked on as a graphical shape withtaxtual

information, should help to clarify the spatial ¢ext of the designated object.

Siteidentification: the chosen font should be a hint to the typeefaheled object.

Overall aesthetics: the labels should not be spread over the map sicaiy, but
name clusters do also look disagreeable. This talkkest on generalization as well as
on the placement.
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Cartographers arrange the named features in thre®mugs, ordered by their

topographical dimension: point features: citiesnsuits, but also area features on
small scales

Linear features: rivers, streets, borders

AT e

2O mememed

1 e

Whereas the notations for point and linear featusnes arranged aside the object, they
are written into the described object in case adaafeatures (except for the case the area
feature is sized too small to place the label iastd boundaries; then, it is treated like a
point feature).
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4.4.1 Label Placement

Features shown on maps and displays can be ditiated and identified in
various ways: symbols, e.g. church, bridge. Lapetside the greatest flexibility
to attach descriptions to point, line and area teas names of administrative
divisions, lakes, rivers etc. elevations of congpepot heights, highway numbers,

in cartography positioning labels is a complex awghisticated process.

There have been few attempts to write down thes used. It has proven difficult
to emulate these rules in automated map produdioBIS positioning labels on
screen displays is especially difficult becausdowf resolution (e.g. 640 by 480

pixels), and the importance of speed.

Prof. Dr. Eduard Imhof, dean of European tographers, has been an
astute student of the esthetic-scientific rabieristics of the cartographic
method. In his publication of 1975. The labelingthmds he described are

summarized as Imhof's basic rules, mentioned below:

Names on maps should:

be legible

* Dbe easily associated with the features they describ

* not overlap other map contents

* be placed so as to show the extent of the feature

» reflect the hierarchy of features by the use ded#t font sizes

* not be densely clustered nor evenly dispersed
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The best solution will balance conflicting objeeBy e.g. need to associate name
with feature vs. need to avoid overlap of contdalbel placement is a complex
problem because of the vast number of possibleipasithat have to be searched

and the number of conflicting objectives

two labeling problems are particularly significam automated mapping and

GIS: Over posting and polygon labeling

4.4.1.1 Over posting
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* when features are densely packed on a map or scitasrdifficult

to keep labels separated
* labels may overlap (over posting)

* labels must be positioned to avoid over postingt Wwithout
destroying the eye's ability to associate labelghvéppropriate
features, e.g. point features

* optimum position for a label is above and to thghti
* below and to the right is less acceptable
» least acceptable positions are to the left

» label can be turned (non-horizontal) if necessdmyt only by a

small amount

* over posting is a problem because the computer seasth a vast

number of possible positions
* in practice, must limit the number of positions sbiow

 some solutions define a fixed number of possibleolabe

positions, like a raster
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other solutions define a fixed number of positioglative to the

feature diagram
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4.4.1.2 Polygon labeling

labeling polygons has become notorious within awaiioh

mapping as a difficult and challenging programmprgblem

the label should be central to the feature, mayrdmriented or

curved to fit the feature diagram

in some cases the label may be connected withetiteré by an

arrow diagram
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4.4.2 Simple methods

1. Label centered on the polygon centroid problems:

» centroid may lie outside the polygon

» along label may have to be multi-line to fit iresid

» solution fails to meet Imhof's criterion of showihg extent of the feature
2. Variable rectangle positioned inside the polygon

» search for feasible positions for a rectangle wira@hclosed within the

polygon
» ratio of width to height should be as high as polssi

e solution will not curve the label to fit the feagur
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» largest enclosed rectangle may be in an inapprdprf@art of the polygon

diagram
3. Skeleton
» shrink the polygon by moving its edges inward ah#orm rate
» the vertices trace out a network known as the skeldiagram
* position the label along the central part of thelsikon
* best for polygons like Florida which require curvatiels

» practical labeling methods use combinations of suiar different shapes,

sizes of polygons

* many developers have used the term expert systededcribe label

placement software
* an expert system works with complex sets of ralesrule base

» the objective of the expert system is to emulage cibtimplex decision

process of a cartographer

4.5 Summary

In this unit we learn about the presentation of spétial data through maps. The basic
concepts of map designing and how it has evolvexdigin time is also outline here. The
key components, like title, legend, scale along wieir proper placements all contribute
to the readability and usefulness of a map. Théesabwhich the map displays the data
is also elaborated here. The labeling of featured @s placement on the map together

enhances the usefulness of the map.
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4.6 Glossary

* Aesthetic- pertaining to a sense of the beautiful
* Medieval- of, pertaining to, characteristic of, or in the k&yf the Middle Ages:

* Renaissance-The activity, spirit, or time of the great revivalart,
literature, and learning in Europe beginning in théthcentury and extending to the 17th

century, marking the transition from the medieteethe modern world.

» Attribute- Nongraphic descriptive information about featurearacteristics or
elements of a database. For a database featurecbksus tract, attributes might include
many demographic facts including total populaticaerage income, and age. In
statistical parlance, an attribute is a variablehereas the database feature represents

an observation of the variable.

» Statistics-The science that deals with the collection, classiibn, analysis and
interpretation of numerical facts or data and tHat use of mathematical theories of
probability, imposes order and regularity on aggaggs of more or less disparate

elements.

* Layout- The arrangement of elements on a map, possiblydimal a title, legend,

north arrow, scale bar, and geographic data.
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7 http://lwww.compassdude.com/map-scales.shtml
8 http://gitta.info/LayoutDesign/en/html/MapSizeScédarningObject3.html

9 http://www.sonic.net/~dmed/MedeCart/About_Me_filesifoning_Names_on_
Maps.pdf
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4.8 Suggested Readings

1 Misra, R.P. and A. Ramesh. 1989. Fundamentals ofo@aphy (Revised and
Enlarged). Published by Concept Publishing CompaWghan Garden, New
Delhi, India. ISBN (Paperback): ISBN NQ788170222224

4.9 Terminal Questions

1 What, in your opinion, is the use of a map?

2 Name 3 criteria which should be kept in mind whradeling in a map.

*kk
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