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Abstract
The present work discusses the technique and nmatgydof analysing and Terrain Mapping Camera (TMC)

Images acquired during India’s first Moon missi@@handrayaan — 1, launched on October, 2008 for gimgy Digital
Elevated Model (DEM). The Terrain Mapping Camer®() on India’s first satellite for lunar exploratioifChandrayaan-1,
is intended for systematic topographic mappinghef éntire lunar surface, including the far side ahd polar regions. A
high resolution imagery of the entire Moon will helgtailed study of specific lunar regions of sdf@interests and further
our understanding of lunar evolution. The swathhef instrument is 20 km. The digital elevation m¢B&M) is a computer
representation of the moon’s surface. DEMs can dxgecpated by traditional photogrammetry based origdgrhotos if they
are available and they are created very often megenomically by the means of space images. A Diféarain Model
(DEM) is a continuous representation of a groundfate landform that is commonly used to produceogpaphic maps.
DEMs are created by integrating data obtained framwide range of techniques including remote sensind land
surveying. DEM's are sampled arrays of elevatiolues representing ground positions at regularly sgrhintervals. Digital
Elevation Model (DEM) is the terminology adoptedtbg USGS to describe terrain elevation data seta digital raster
form. The normal orientation of data is by colunamsl rows. In this project work a DEM is created éach of the lunar
images retrieved from the space craft using Tridatga Irregular Network (TIN)

Keywords: Chandrayaan-1, DEM, Swath, TMC, TIN

1. Introduction

The possibility to store and analyze 3-D real waldda in digital form has become reality in margyds of
human activity. More detailed information and dataout the environment can now be sought, analyzed a
presented as the digital data storage and manipuleapacities has increased and are made availatierate data
collected with cost-efficient methods is alwaysfus& planning and decision making. Fifteen to tiyeyears ago,
accurate 3-D photogrammetry required highly soptdgtd and expensive equipment together with tcaine
personnel for many of its routine tasks. Now, vdidital imagery, at least the demand for the spezjaipment has
changed dramatically. Technical advancements &rlasd positioning technology have also providedvitls new
ways of looking at the world.

Photogrammetry is based on the processing of imddes main products of Photogrammetry are Digital
Elevation Models (DEM), Digital Surface Models (D$MOrthoimages, 2D and 3D reconstruction and
classification of real world objects, and visuatiaa (virtual models). Although many photogrammettiveories
date back more than a century the use of digitatqggrammetry in extracting information has undemamly
development for the last 20 years. The degree thaatization and digitalization of the processingrkvis now
quite high. Information on the nature, extent, gpalistribution, potentials and limitations of nadl resources is a
pre-requisite for various developmental activiti#fough topographical maps provide some spatiarinétion
about natural and cultural features of the terrapart from geographical location, it is not adequenough for
developmental planning.

Aerial photographs and satellite data have, theeefoeen used to generate such information. Wigh th
world of computer technology and the rapid develeptrof 3-D visualization technology into the traaial static
two-dimensional map of the three-dimensional terraddeling makes a Geographic Information Systei$)@nd
digital mapping, a new field of study. Understamdthe topography of the Moon is an important iskuefurther
lunar exploration. It is a key factor for choositagnd sites, setting up lunar observation statiams$ developing
exploration activities in the future. DEM is thesimof geographic information system data, maisigdito describe
the ground state of ups and downs, the terrainbeamised to extract various parameters such as, s@pect,
roughness.

The DEM file is not a scanned image of the papep fgraphic). It is not a bitmap. The DEM does not
contain elevation contours, only the specific eteravalues at specific grid point locations. A peo representation
of the surface of the moon is needed as a dat@esdor modeling, exploration and planning. One wayepresent
the terrain given by a set of surface points isdostruct a Triangular Irregular Network (TIN).
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2. Photogrammetry

Photography alleviates the time-consuming groundresu effort to a certain extent by allowing the
collection of position data for many points in agle image. The science of obtaining such positlata from
photographs is known as photogrammetry. Groundebamages can be used for photogrammetric measutemen
but aerial photography has proven more useful amllar. Unfortunately, aerial surveying is not oelypensive
and time-consuming, but also produces maps of miatively small areas of the surface of celedtiadiies. For
each image produced by aerial photography, sewdffatent types of errors must be corrected betheeimage
data can be used to produce a map. Photogramnsetityei “art, science and technology of obtainingabdé
information about physical objects and the envirentmthrough the process of recording, measuring and
interpreting photographic images and patternsexftebmagnetic radiant imagery and other phenomena”

The traditional, and largest, application of photogmetry is to extract topographic information (e.g
terrain models) from aerial images. Photogramme#itiniques have also been applied to procesditeairlages
and close-range images in order to acquire topbiragr non topographic information of photograpladijects.
Topographic information includes spot height infatimn, contour lines, and elevation data.

The reason for using Photogrammetry is Raw aerf@tqgraphy and satellite imagery have large
geometric distortion that is caused by variousaysttic and nonsystematic factors. The photograntmawdeling
based on co-linearity equations eliminates thesm®most efficiently, and creates the most rediadrtho images
from raw imagery. Photogrammetry is unique in terafsconsidering the image-forming geometry, utiigi
information between overlapping images, and expficiealing with the third dimension elevation.

3. Photogrammetry vs Conventional Geometric Corretion
Conventional techniques of geometric correctiorhsas polynomial transformation are based on general

functions not directly related to the specific ditibn or error sources. They have been successfille field of
remote sensing and Geographic Information ScieG¢8)(applications, especially when dealing with le@golution
and narrow field of view satellite imagery. Intration to Photogrammetry is necessary because ctiomah
techniques generally process the images one ahe, they cannot provide an integrated solutionrfaitiple
images or photographs simultaneously and effigiertl is very difficult, if not impossible, for camntional
techniques to achieve a reasonable accuracy withgutat number of Ground Control Points (GCP) wihealing
with large scale imagery, images having severeegyatic and/or nonsystematic errors, and imagesricmyveough
terrain. Misalignment is more likely to occur whemsaicing separately rectified images. This misetignt could
result in inaccurate geographic information beinfiected from the rectified images. Furthermoras iimpossible
for a conventional technique to create a 3D staremlel or to extract the elevation information framo
overlapping images.

4. Chandrayaan—1: India's First Mission to Moon
Chandrayaan-1, India's first mission to moon, veasthed successfully on 22 October 2008 from SDSC
SHAR, Sriharikota. The spacecraft was orbiting acbthe moon at a height of 100 km from the lunafase for
chemical, mineralogical and photo-geologic mapmhghe moon. The spacecraft carries 11 scientifatruments
built in India, USA, UK, Germany, Sweden and Bulgar
Following are the 5 payload developed by Indiaeststs:
a. Terrain Mapping Camera ( TMC-ISRO )
The aim of TMC is to map topography in both neat &ar side of the Moon and prepare a 3-dimensiatiak
with high spatial and altitude resolution. Suchhhigsolution mapping of complete lunar surface tdlp us to
understand the evolution process and allow detatigdly of regions of scientific interests.
b. Hyper Spectral Imaging Camera (HySI-ISRO)
The aim is to obtain spectroscopic data for mimgiahl mapping of the lunar surface. The data ftbis
instrument will help in improving the available amfmation on mineral composition of the lunar suefac
c. Lunar Laser Ranging Instrument (LLRI-ISRO)
To provide ranging data for determining accurdtitude of the spacecraft above the lunar surfdetgrmine
the global topographical field of the Moon and dattan improved model for the lunar gravity field
d. High Energy X-Ray Spectrometer ( HEX-ISRO )
The High-Energy X-ray spectrometer covers the bardy region from about 30 keV to about 250 keVislis
the first experiment to carry out spectral studiéplanetary surface at hard X-ray energies uswadgenergy
resolution detectors.
e. Moon Impact Probe (MIP-ISRO )
The impact probe weighing 29 kg will ride piggybamkthe top deck of the main orbiter and will bleased at
a predetermined time after the orbiter reacheditta 100km orbit to impact at a pre-selected lawatin the
following sections, TMC payload is dealt in detail.
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5. Terrain Mapping Camera
In keeping with the mission objectives, Chandrayhacarries the Terrain Mapping Camera (TMC)

designed to map the entire lunar surface duringliwened two-year mission. TMC data will enablepamation of a
three-dimensional lunar atlas with 5 m samplediapahd altitude data of 12 bit digitization. Th#T will image
in the panchromatic spectral band of 0.5 — QuAbwith a stereo view in the fore, nadir and afediions of the
spacecraft movement and have a base to heightafitae. The Terrain Mapping Camera (TMC) on Inglifist
satellite for lunar exploration, Chandrayaan-liniended for systematic topographic mapping of ehére lunar
surface, including the far side and the polar negiorhe aim is to prepare a three-dimensional atidhke moon
with high spatial and altitude sampling for sciéotistudies. The 5 m sampling of the camera is eha® be
commensurate with 1 : 50,000 scale mapping andatdsicontour interval of less than 10 m for heigfarmation.
Such high resolution imagery of the entire moon Wélp detailed study of specific lunar regionssofentific
interests and further our understanding of lunawion. For obtaining the elevation informatioretbamera will
have along-track stereo viewing, acquiring sterguet of the target scene in the fore, nadir afidviews, as the
spacecraft moves in a 100 km circular polar orbit.

a. Scientific objective

The aim of TMC is to map topography of both nead dar side of the moon and prepare a 3-
dimensional atlas with high spatial and elevatiesotution of 5 m. Such high resolution mapping afplete
lunar surface will help to understand the evolutwocesses and allow detailed study of regionscigsific
interests. The digital elevation model availablenir TMC would improve upon the existing knowledge of
Lunar Topography.

TMC will measure the solar radiation reflectedcatsered from moon’s surface. TMC uses Linear
Active Pixel Sensor (APS) detector with in-builgiizer. Three cameras are used in the pay loadusecit
will be leading to a 3 dimensional atlas of the edod he images taken from 3 cameras which are glate
different angles will help us in knowing the depftthe crater or the height of the peak.
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Figure 2 Viewing Geometry of the Terrain Mappinan@ra

The most important reason why we use Digitlv&tion Model (DEM) is because available data
sources do not approximate terrain (distributioengity, accuracy, etc. of the sources is not apjatE) and
also perception or interpretation of earth's surfiacnot the same when more DEM operators workhersame
problem; operator's own imagination is common aabsonable problem in DEM production.

For obtaining the elevation information the camesid have along-track stereo viewing, acquiring
stereo triplet of the target scene in the fore,imadd AFT views as the spacecraft moves in 100ckeular
polar orbit. With this arrangement the entire lusarface can be imagined without occlusion witlheast one
stereo pair. The base to the height ratio (B 6Hhe camera is 1.0 For the 100 km polar oth#, equatorial
shift of the moon between two orbits is about 3X82 The swath of the instrument is 20 km.

b. Details of the Instrument
The subsystems of the TMC instrument are opticaémbly, detector assembly, electronics, and mecahni
system. The TMC is highly compact, low weight, Ipawer dissipating instrument. The stereo dataliected
by the triplet imaging in the along-track directiaith three-linear detectors.
Optical subsystem: the optical configuration foe TiMC comprises a single multi-element f / 4 leaseanbly
required along track field angle of + 25 0 achievéth the help of a pair of plane mirrors placedhtggically
on either side.

c. Detector Subsystem
The TMC detector head is built around monolithicnptementary Metal-oxide —semiconductor (CMOS) linea
array active pixel sensor (APS). The APS has imttegk sensing elements, timing circuitry, video pssing
and 12-bit analog to digital conversion. Three dieties are kept in the focal plane for the fore,inadd aft
views.
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d. Electronics Subsystems
The electronics for the instrument is designed &einthe detector and system requirements. It isutao@nd
separate for the three detectors. The electrogigsniaturized and low power dissipating.

e. Mechanical Subsystem
The mechanical subsystem consists of the struetotethe electronic packaging. The main consideratdo
meet the system performance by providing the stalidr the static, dynamic and thermal load coiodis with
minimum weight and size.

6. Applications

Digital topographic data sets facilitate urban piag and enable engineers to model new roads within
existing landscape. Linear constructions like road$way tracks, oil and gas pipelines, bridged atectric power
lines may be planned without having to send surkegasite.

Hydrological situation is important for the agrittull activities like irrigation management and fpawer.
Companies when estimating the market of electriditgurance companies are very interested custoofettsis
kind of manipulated DEM data for a client oriensssessment of flood risks.

Exploration experts are possibly the most expeddngsers of remote sensing data and digital etavati
models. By analyzing optical radar images they rdgite2 promising regions of potential mineral deposiround
the world. A combination of remote sensing datpeeilly DEMs, with gravity maps the identification oil spills
on satellite imagery and other phenomena and caatibits leads the prospecting companies to sucdessfu
explorations.

Disaster management is often impeded by lackingpriect or simply imprecise information about the
situation on the ground. Up-to-date and precisa dat imperative in assessing potential risks @asefloods, for
example), in employing relief personnel effectivelly disaster aid (e.g., locating adequate spatsifopping of
relief supplies) and in analyzing damages and obsng

7. Conclusion

Digital elevation models may be prepared in a nunabevays, but they are frequently obtained by reano
sensing rather than direct survey. Digital elevatinodel (DEM) is one of the most important datagetsthe
greater part of spatial-based studies and reseérdhigh quality DEM could be generally used aspaltpose
dataset, but unfortunately its production couldvbey expensive. If a nature of application is knotlat applies
DEM and if our demands for the final result areacléhen the DEM selection is adjusted or its potidm can be
simplified.

Generation or selection of a DEM suitable for difet spatial analyses or visualization purposdseing
discussed here. At the first it is stressed thaMDE only a model that is approximation of the matand its
nominal ground. The models, in the instant case BENight be different concerning their purpose s,uguality
of data sources or interpolation algorithms, exgreres of operator, etc. The starting point is thatDEM should
be carefully produced or chosen regarding purpbsearmapplications.
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