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Abstract

Chandrayaan-1 was India's first mission in deep space exploration to the moon. Its Terrain Mapping Camera (TMC) sent images
of about 50% of total lunar surface in its limited lifetime and covered polar areas almost completely at a high resolution of
5m/pixel and 10m/pixel. This image dataset has been processed and put in public domain as individual strips of images
categorized according to the orbits. The authors have already developed a Lunar GIS including a set of utilities like 3-D vision
and exploration, crater detection and search using datasets from NASA's Lunar Reconnaissance Orbiter Wide Angle Camera
(WAC) which are of lower resolution than CH1. The objective of this paper is to normalize and register the Chandrayaan-1
images to existing processed data so that all these utilities can be transparently applied to high resolution Chandrayaan-1
datasets. Registration process consists of identification of features in source and target images and estimating appropriate
correction for offset, rotation and scaling parameters. Furthermore, due to the low altitude orbit of satellite, the acquired images
have displacement of pixels from actual nadir position, which need non-linear correction. This paper describes step by step
technique to integrate these high and low resolution images in single framework.

Keywords: Chandrayaan-1Lunar mapping, Moon, Feature based Image registration, Integration, ISRO, LRO, NASA,
TMC, WAC.
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1. INTRODUCTION Registering images from different planetary missions is a
challenging task. Varying orbital and temporal conditions of
planetary missions often result in image coverage with
, widely varying resolutions and viewing geometries, gaps in
about shape, surface and chemistry of moon. Recent years coverage, poor image overlap, intensities, and have

have seen a steady increase in lunar missions. These geometric variations like translation, rotation and projective
missions send huge amounts of imagery which is used in 3]

knowing more about the planets' surface and understanding The research group at DDU has developed a Lunar GIS

structures like mare, ejecta, rings, craters and others. These using image datasets from LRO Wide Angle Camera. This

datasets will be more useful if they can be integrated into dataset has a resolution of about 166m/pixel. This system
single reference frame by aligning the images. Combining includes a set of utilities like 3D visualization and

the datasets provides information about the topography and exploration of surface and crater detection. ISRO Data
temporal - changes, comparison, feature extraction, 3-D Center (ISSDC) has put higher resolution (5m/pixel) image

topograph){ con_struction and mostaicing from_sFereo image_s. data of Chandrayaanl Terrain Mapping Camera (TMC) in
Image registration plays a crucial role to jointly exploit, public domain. These images are contained in different
integrate and compare these different datasets for enhanced strips which vary in height. The aim of this research is to

information. The image registration process transforms a register the ISRO's Chandrayaan-1 Terrain Mapping Camera

subject image so that it is geometrically aligned with a (TMC) raw images with NASA's Lunar Reconnaissance

reference image._Most image registration methods can be Orbiter (LRO) global orthographic projection images.
broadly grouped into area based methods and feature based The LRO dataset is in equi-rectangular projection and have

methods [1]. In area based methods, gray scale values from been geometrically aligned. CH1 TMC images are raw
small window of pixels in the sensed image is compared orbital images. These images need coplanar correction with
statistically with window of the same size in the reference LRO for registration. In addition, CH1 had an orbit of 100
image. This is repeated over a search area in reference km for most of its duration. This low altitude orbit affects
image and area of maximum match is found. These methods the across track imaging and pixels at far end need
fail in unprocessed satellite images typically exhibiting lack correction for topography. So image registration degrades as

of contrast and poor illumination [2]. Feature based _methods we go away from the center of the image towards the edges
extract low level features such as edges, curves, lines and as discussed in Section 4.3.

corner points to estimate the alignment between images.

Lunar surface imaging is a major measurement in
determining information about moon. It yields information
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In this paper, a step by step registration method is described
to automatically match the Chandrayaanl images with the
existing LRO maps. The registered images will be integrated
into the same application so that higher resolution CH1
images can be displayed seamlessly wherever possible and
can be used in all developed utilities transparently.

This paper is organized as follow: The Section 2 contains
summaries of some of the literature in planetary image
registration. Section 3 describes about the Chandrayaanl
and LRO datasets and compares them. It also highlights the
issues encountered during registration. In Section 4 the
registration  problem is formulated and various
transformation needed to align images are discussed.
Section 5 presents the formulated algorithm and Section 6
analyses the results of registration. Finally Section 7
concludes the paper with the summary of work.

2. LITERATURE REVIEW

Zitova and Flusser [1], describes the various approaches of
image registration like area based and feature based method
and classified them into subcategories according to the basic
ideas of matching methods. Also the four basic steps of
image registration procedure: feature detection, feature
matching, mapping function design, and image transform
with re-sampling are mentioned. This paper provides a
comprehensive reference source in image registration, and
surveys of the classical and up-to-date registration methods.

2.1 Reviews of planetary feature detection

Planetary surface contains complex shapes such as rocks,
mountain, boulders, slopes and mostly craters. Craters were
formed as a result of meteoroid impact and are of varying
size and shape. Due to the relatively simple geometric shape
of craters, they are easier to be detected by automatic image
processing algorithms.

The literature on crater detections algorithms (CDAS) is
extensive. Some studies make use of template matching [4]
in global and local areas to detect craters. Some studies have
attempted machine learning techniques like neural networks
and support vector machine (SVM) [5, 6]. In machine
learning algorithms, typically there are two phases, learning
and detection. In the learning phase, the training set of
images containing labeled craters is fed to an algorithm. In
the detection phase, craters are detected in a new set of
images using the trained algorithm. Wetzler et al. [7] tested
a number of machine learning algorithms and reported that
support vector machines achieve the best rate of crater
detection.

Another study uses the combination of different algorithms
to detect craters automatically in Mars images [8].

The Hough transform [9], an algorithm to detect line
segments, and circular or elliptical shapes in images, plays
an important part in several studies. A circle with radius r
and center (X, Yc) can be written as parametric equations:

X=X, +rcoséd
y=Yy.+rsiné 1)

where 0 € [0,2m].

Hough transformation makes use of a voting process to find
out the potential points which can be centers of the circle
with enough pixels at the circular boundary. It iterates over
all the edge pixels of the image and for all the possible
values of 8. When detecting circles of variable sizes, the
Hough transform is then also repeated for all radii in the
given interval. This makes the algorithm time consuming.
Also in the images with low contrast, the circular features
are not visible clearly. Therefore, edge detection does not
give circles that would fit the simple circle model. In these
cases, it is shown to have a lack of robustness in detecting
the correct circles [10]. The algorithm accuracy is also
limited in case of smaller craters where radii are about 2-5
pixels.

2.2 Reviews of planetary feature matching

A lesser number of studies are reported on matching of lunar
optical images from different missions. Most existing
researches make use of available laser altimeter data to co-
register the images in the lunar and mars imagery.
Radhadevi et al. [11] presented a geometric correction
method for Chandrayaan-1 imagery. The planimetric control
was identified from the Clementine base map mosaic and
vertical control was derived from LOLA data. However, this
method only used Chandrayaanl images from a limited area,
and the control information was very limited.

Wu et al. [12] developed a bundle adjustment approach
which was used match Chang’E-1 images with laser
altimeter data for precise lunar topographic modeling. This
model involves the laser altimeter points, EO parameters,
and tie points which are collected from the stereo images.
Guo and Wu et al. [13] examined the co-registration
between the DTMs derived from the Chang’E-land
SELENE laser altimeter data using a least squares surface
matching method based on tie points identified from the
DTMs.

Anderson et al. [14] examined the precision registration
between Mars Orbiter Camera (MOC) imagery and Mars
orbiter laser altimeter (MOLA) data at selected candidate
landing sites. Kirk et al. [15] analyzed narrow-angle Mars
Orbiter Camera (MOC-NA) images and produced Digital
Terrain Models (DTM) to provide topographic and slope
information. These DTMs are used in assessing the safety of
candidate landing sites for the Mars Exploration Rovers
(MER). These DTMs are controlled to the MOLA global
data set and consistent with it at the limits of resolution of
about 10 m. Dickson et al. [16] registered MOC narrow-
angle images with interpolated MOLA data to analyze the
distribution, local topographic setting, morphology,
orientation, elevation, and slopes of Martian gullies in the
30-45° S latitude band.

Most of these methods ignore typical problems in planetary
image matching, including the limited contrast, poor
illumination, and the lack of distinct features.

Table -1 summarizes the above studies.
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Table -1: Summary of studied planetary matching algorithms

P. G. Marchetti, and
M. Milnes

Images

detection

Authors Title Methodology Results
J. Earl, A. F. | Automatic Recognition of Crater-like | Hough transform and radial | Automatic Crater
Chicarro, C. Koeberl, | Structures in Terrestrial and Planetary | consistency for automatic crater | recognition

Bo Wua, Han Hua,,

Integration of Chang’E-2 imagery and

Bundle adjustment approach

Using LRO laser data

Jian Guo LRO laser altimeter data with a combined | using laser altimeter data, and | with Change-2
block adjustment for precision lunar | spacecraft parameters imagery
topographic modeling
Bo Wu, Jian Guo, | Co-registration of lunar topographic | Surface matching technique to | Registration of
Han Hua, Zhilin Li, | models derived from Chang’E-1, | detect the local deformation | different lunar

Yongqi Chen SELENE, and LRO laser altimeter data | using least-squares estimator topographic models
based on a novel surface matching
method

P.V.Radhadevi, Rigorous Photogrammetric  processing | Geometric  correction  for | Lunar topographic

V. Nagasubramanian, | ofChandrayaan-1  Terrain Mapping | selected areas from TMC | images

S.S.Solanki, Camera (TMC) images for Lunar | imagery using LOLA vertical

Krishna Sumanth T, | Topographic Mapping control.

J. Saibaba ,

GeetaVaradan

Anderson, F.S., Analysis of MOLA data for the Mars | MOC images alignment to | Precise  topographic

Anderson J. A.

images: Meter-scale slopes of candidate
Phoenix landing sites

Haldemann, A.F.C., | exploration rover landing sites MOLA profiles by matching | registration for
Bridges, N.T., topographic features potential landing sites
Golombek, M.P.,

Parker, T.J.,

Neumann, G

Kirk R., L., Ultrahigh resolution topographic mapping | Rigorous geometric model | 3D maps at Phoenix
Rosiek M. R., of Mars with MRO HIRISE stereo | using EO parameters landing site

Dickson, J.L.,
Head, JW.,
Kreslavsky, M.

Martian gullies in the southern mid-
latitudes of Mars: evidence for climate-
controlled formation of young fluvial
features based upon local and global

Registration of MOC-NA with
interpolated MOLA dataset

Analysis of
topography at Martian
gullies in the 30-45° S
latitude band

topography
(http://www.issdc.gov.in/CHBrowse/index.jsp). The dataset
is in Planetary Data System3 (PDS3) format. The dataset is
3. DATASET DESCRIPTION AND in form of raw image data in .IMG files which contain 4000
COMPARISON (32 bit) floating point values per line forming the width of

3.1 Chandrayaan-1 Dataset

Chandrayaan-1 (CH1) was an Indian Space Research
Organization (ISRO) mission launched in October 2008[17].
It was designed to orbit the moon over a two-year period
with the objectives of returning scientific information about
the lunar surface. After one year, it suffered some technical
difficulties and mission was declared as over. But in its
limited lifetime, it managed to complete 95% of its
objectives. The image dataset used is from the CH1 TMC
and acquired from ISSDC

the image. The height of each image is different depending
upon the imaging duration of orbiter at that time. The
floating point values represent the pixel intensities which are
then normalized to greyscale values according to camera
and imaging characteristics. The CH1 images have been
radiometrically corrected [18] but not geometrically aligned
to match the lunar coordinates with actual position. Fig -1
shows the coverage of lunar surface coverage by the
Chandrayaanl TMC.
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TMC Near Side Coverage TMC 90° EAST Coverage

TMC Far Side Coverage

TMC 90° WEST Coverage
Fig -1: Chandrayaan-1 TMC lunar surface coverage

Each image file is supplied with a detached label file and
coordinates grid file. The label file (.LBL) contains general
information about the image like imaging date and time,
corner coordinates, image width and height, instrument
names orientation. The supplied grid file (.TAB) contains
the selenographic coordinates (Longitude, Latitude) of the

LRO WAC image

CH1 TMC Image

(Resolution ~510m/pixel)  (Resolution ~100m/pixel)
Fig -2 LRO and CH1 images centered at about 38°E,9°N

LRO WAC image

CH1 TMC Image
(Resolution ~510m/pixel)  (Resolution ~100m/pixel)
Fig-3 LRO and CH1 images centered at about 41°E, -4°S

Table 2: Comparison of used datasets from LRO WAC and

pixels in image at an interval of 100 pixels. But these CH1 TMC : :

coordinates have some inaccuracies depending upon area, Camera | LRO Wide Angle | CH1 ~ Terrain

relief and errors in CH1. The coordinates of intermediate Camera (WAC) Mapping Camera

points can be interpolated assuming linear changes in (TMC)

coordinates at that level. This information is used for Format | Preprocessed jpg | Raw PDS image,

calculating the initial parameters of image registration and Images No processing for

to decide the search space for matching the images. Intensity, contrast,

or alignment

3.2 Lunar Reconnaissance Orbiter (LRO) Dataset i :
Image Size | 512 x 512 4000 x Variable

NASA's Lunar Reconnaissance Orbiter (LRO) is an (Pixels) Height

unmanned mission from NASA launched on June 18, 2009. _

After a year of exploring and sending images for complete Number of | 8192 (64 rows for | 1003  Strips ~ of

lunar surface, its objectives were extended with a unique set Images latitude changes and | different  heights

of science objectives [19]. LRO sent images for full lunar 128 ~ columns  for | from different

topographic surface and still is functioning and sending longitude) orbits

important data. - -

The LRO Wide Angle Camera (WAC) dataset is acquired Imag(_e ~ 166 m/pixel smipixel @ 100

from LROC PDS3 data archive website, Resolution Km .

http://wms.Iroc.asu.edu/lroc/view_rdr/WAC_GLOBAL. 10m/pixel @ 200

This dataset has been extensively processed for precise Km

topography and accurate mapping of lunar coordinates. Image 170 Km “50Km

Figures 2 and 3 compare the images of both the datasets for Swath

same locations in which the contrast and illumination

differences can be seen. The detailed comparison of both

datasets are presented in Table -2.
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4. BACKGROUND THEORY

4.1 Registration Problem

Image registration problem is to match and align an image,
the sensed or floating image, onto another image, the
reference image, by computing a transformation that is
optimal in some sense [20]. The general problem consists of
three elements:-

i.  Reference image, IR (x, y), that is kept unchanged

ii. Sensed image, IF (X', y'), that is transformed to
match the reference

iii. Geometric transformation, f that maps the two
images
Two image locations in the reference and sensed image are
said to be matched if they are mapped into each other under
the geometric transformation:-

e (xy) =1 (Y f, (x0Y)) @
Here, image registration problem is to devise an algorithm
that, for all pairs of images, will compute the optimal

transformations for any instance, where optimality depends
on the choice of similarity measure S:-

o = ArgOptima($, (I, 1)) @3)

Here o* represents the optimum value of transformation
function f with respect to similarity measure S.

4.2 Transformations

Transformation is estimated by using translation, rotation
and scaling parameters. Mathematically, geometrical
transformations that maps the points from one spatial
coordinate (X, y) to the other spatial coordinate (x', y') can be

ey =T "

where T is the transformation.

Affine transformation represents the relation between two
images. It preserves points and straight lines but distances
between points or angles between lines may change. Affine
transformation is a combination of translation, rotation,
along with scaling and or shear components. 2D affine
transformation can be expressed as:-

X' al a2|lx tx
= + ()
y a3 a4|ly ty
Here al, a2, a3, a4 are affine transformation parameters and
tx, ty are translation parameters.

4.2 1Translation

Transformation can be two dimensional vectors or three
dimensional vectors. It can be defined as how much amount
of information or points or parallel shift of a figure moving
from one position to the other with respect to the x, y
coordinate system.

Mathematically, the translation of point P(x, y) by a vector T
is given by:-

(X, y")=(x+1tx, y+ty)

G e

Fig -4 Translation

4.2.2 Rotation

Rotation is measured by degrees and defined as how much
angle of the image is rotated. The new coordinates (x', y') of
a point (x, y) rotated by O (theta) radians around the origin,
can be generated by the transformation:-

X" = xcos@ — ysing
y' = xsiné + ycosd

X' | coso —sing || x .
y'| | sing cosd ||y "

Fig -5 Rotation

4.2.3 Scaling

Rotation is measured by degrees and defined as how much
angle of the image is rotated. The new coordinates (x', y') of
a point (X, y) rotated by © (theta) radians around the origin,
can be generated by the transformation:-

X =SX*X
y'=sy*y

oo als) e
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)
Fig -6 Scaling

4.3 Non-linear Transformation due to low altitude

Chandrayaanl was in an orbit altitude of 100 km from lunar
surface for most of its lifetime. Lunar surface has about 18
km range of variations from highest point to deepest point in
the topography. At such low altitude imaging altitude, these
variations produces error in image pixel displacement as
shown in Fig -7. In the figure, A, B is actual position and A',
B' is position on datum plane. For features above the datum
plane, the pixel on image are farther from nadir position and
for features below datum plane, the perceived pixel on
image are nearer to nadir which is shown by a", b" on the
film plane.

a"a no b'b'

Y ] 77 Film plane
\ //
\ /
\l/
)\ Camera lens
//
//h" \
bjo” | a 8 Contact print
o/ |\n

N’ Datum plane A —P

B—p
Fig -7 Schematic overview for terrain displacement due to
surface topography variations. (Image source -
http://www.geog.ucsh.edu/~jeff/115a/lectures/geometry_of
aerial_photographs_notes.html)

Non-linear corrections are required in each scan-line of CH1
TMC images for compensating these errors according to the
height of surface at those points. These non linear
corrections will warp the image edges.

5. PROPOSED APPROACH

The architecture of the proposed algorithm for registration
of CH-1 TMC images with the available LRO map database
as shown in Fig -8, is as follows:-

Input: Images from both missions with
coordinates (x, y,) where x is the Longitude, y is Latitude.
The coordinates for LRO WAC images are already available
for each tile. Chandrayaan-1 TMC image coordinates will be
calculated (interpolated) from the supporting grid files.

Desired Output: The corrected coordinates for
each TMC file.

Input

LRO WAC Images CH1 TMC images
(With corner Longi-Lati coordinates)]| (With Corer coordinates and grid file
containing pixel coordinates at 100 pixels,

A A

Preprocessing
(Blur the images to smooth out smaller features

which may not be correctly visible in Low-Res image)

(Extracl location of features from both imagcs)

A

| Coordinates of landmark points |—
y

Analyse landmarks to establish correct match
(To find correct corresponding tie point between images)

Tie (Control) point Coordinates I—

A
Iterative Adjustment of parameters (Offset, scaling and rotation)
to correctly allign the images upto specified accuracy

Resampling (interpolation) of CH1 TMC Images
to register with LRO WAC image

Output

(Corrcclly registered imagcs)

(Adjuslcd. corrected pul'umclcrs)

Fig -8: Flowchart for registration process
Steps:

i. Search the area according to the coordinates of
given images. This will be approximate match. To
establish the match, blur both images heavily to the
same end level (more for TMC images and less for
LRO images, as TMC has higher resolution).
Blurring will ensure that only larger features get
matched and smaller features which are present in
TMC images and may result in mismatch, will be
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blurred out. Comparing the two images will give us
a match factor.

ii. If match factor is more than a specified threshold,
we will use these two images for further refining of
the registration process.

iii. Improve the match using successive magnification,
rotation and offset during random trials. This
process will give us three correction factors, one
for each of scaling, rotation, and offset.

iv. Select the image pair of low blurring or no-blurring

and repeat the experiment with these factors, to
further refine them.
[Note - This will still not account for non-linearity
in images due to curvature and low altitude effects
causing different magnification at different
altitudes]

v. Recompose a new integrated image from corrected
segments.

6. EXPERIMENTS AND ANALYSIS

The proposed method was examined using the LRO and
TMC datasets. In the current experiments all TMC images
are scaled down to the same resolution of the LRO images
so that registration can be carried out. Since no previous
research has attempted to register Chandrayaan-1 dataset
with LRO before, we have compared the results of
automatic registration process with the visually inspected
coordinates of true registration.

Fig -9 shows the general setup for registration method. The
left side image is from the LRO dataset and right one is
from TMC dataset. The smaller dotted rectangle shows the
placement of image as retrieved from using the supplied
longitude-latitude coordinates. The solid black rectangle
shows the search space for registration. Initially search
space is kept about 30% in all directions from the supplied
coordinates. The TMC image has been roughly resized to
match the resolution of the LRO images. Once the correct
location parameters have been found for the offset within
the search space using the feature matching, the iterative
process for refining the rotation and scaling parameters is
done to enhance the registration process.

Sobel Bur | | Shaen | | Median | | Equaize | 100 Thinning | | Hams | [0 Find Edges Stat

Fig -9: Experimental Search space for image registration

First, edge detection is done using Sobel Operator [21],
which helps in detecting the prominent features. The edge
map is added to the original image to enhance the edges in
the image.

Bur | | Shapen | | Medan | | Equalize | 100  |Thinning | | Hams | [0 Find Edges Start

9

Fig -10: Sobel edge enhanced images

Then, features from both images are detected and matched
as corners as shown in Fig -11.

Sobel Bur | | Shamen | | Median | | Equaize | 100 Thinning | [ Hams | [0 Find Edges Start

Fig -11: Detected corners in both images

Corners can be defined as points for which there are maxima
or minima values for horizontal and vertical directions in the
local neighborhood of the point. The TMC image is then
moved over the search space to find out the position where
the corners from both images are optimally matched.

After the initial matching, refining of the parameters is
performed by iteratively changing the rotation and scaling
parameters to increase the matching factor.

Below figures show some result images of registration
found from the proposed method. The TMC images have
been overlaid on the LRO images, according the parameters
obtained from the approach. As can be seen from the results,
the algorithm performs well even if the images have
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differences in the lightning directions and shadows but still
have considerable features to match.

Fig -14: Registered image at 156.12W, 29.07N
Fig -12: Registered image at 67.33W, 28.56S
Fig -14 and 15 show the areas where the method fails to find
out acceptable results. This is due to failure to detect enough
number of features to be matched.

Fig -13: Registered image at 109.5W, 5.75N

Fig -15: Wrong registration at 29.9E, 6.71S
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Fig -16: Wrong registration at 14.44E, 23.71S

6. CONCLUSION

An approach has been proposed in this paper for feature
based extraction and matching of cross mission and cross
sensor planetary images. These images are neither well
contrasted nor have same coordinate systems which leads to
changes in geometric projection of images.

This research focused on registration of lunar images from
NASA's LRO mission and India's Chandrayaanl. Datasets
from Chandrayaanl TMC were analyzed and aligned with
LRO WAC equi-rectangular projected maps. This method
have still not considered the discrepancies in proper
alignment due to topography of the moon. It can be refined
to include the topography data from laser altimeter
instruments to further increase the registration.

Experimental results demonstrated the feasibility and
usefulness of the proposed approach in remotely sensed
images. This will be useful in image processing for future
planetary missions like Chandrayaan-2 and Mars Orbiter
Mission (MOM).
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