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PR Technology Trichy discriminant audii=
analysis
M.E Sri Venkateswara college of Eommiinioatian
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Deep Ié'arr_\_iﬁg“f_or low resolution hypi)'eiris’béctralkéa_tél-liteﬁ
image classification

Summary of the a _praﬁaéed
research

A Simple concise statement

The hyper spectral images captured from the satellite ar
subjected to classification, to classify each pixel into on
among the finite number of classes. For instance: Indian pine
database consists of hyper spectral images captured using 22!
spectral reflectance bands. In this, every pixel (across the 22
spectral reflectance bands) is subjected to supervise:
classification, to classify it into one among the 16 classes. Th:
typical size of the captured image is of the size 144x144 pixels
The corresponding pixel values collected from all the 22!
bands form the vector (220x1). This vector is subjected t
classification to one among the 16 classes (Corn, Oats, Whea
etc.). By fixing the area under consideration number of pixel
captured with various spectral bands describes the resolutio
of the image. For instance, collecting 50x50 pixels instead ¢
144x144 form the low resolution image corresponding to th
high resolution image of size 144x144. Collecting hig!
resolution images consume more time and s
expensive. In our proposal, we are planning to convert lo
resolution image of size 50x50 into 144x144 (say) and t
classify every pixel of the generated high resolution images int
the finite number of classes using Generative Adversariz
Network (GAN). (It is understood that the class index assigne:
to every pixel need not be mutually exclusive)

about the investigation, its
conduct and the anticipated
results in no more than 200
words

Objectives

A brief definition of the objectives
and their scientific, technical and
techno-economic importance.

1. To demonstrate the developed algorithm to convert the low
resolution hyper spectral images into high resolution hyper
spectral images using GAN.

2. To construct the classifier to classify the pixels of the high
resolution images (obtained from the trained GAN) into finite
number of classes and to compare the performance of the
classifier with the corresponding actual high resolution images.
Importance:

The Hyper spectral images captured with high resolution |
expensive. In our proposal, we suggest to use the cost effectiv:
low resolution hyper spectral images for the pixel-wis
supervised classification that performs at par with the one usin
high resolution images using GAN (Generative Adversaric
Network).

Major Scientific fields of
Interest

A brief history and basis for the
proposal and a demonstration of
the need for such an

investigation  preferably  with

GAN was introduced during 2014 (by lan Good fellow) that wa
actually developed to generate photographs. But in recer
years, GAN is being used in many applications like convertin
MRI to the corresponding CT image, Thermal image to th
corresponding visible image, low resolution to high resolutiol
image conversion [1], etc.




' reference  to the possible

application of the results to
| ISRO's activities. A reference
' should also be made to the latest
' work being carried out in the field
and the present state-of-art of
the subject.

i Linkages to Space Programme

/Deliverables to ISRO on
successful completion of the
 project

ApproaCh '
A clear description of the
concepts to be used in the

investigation should be given.
Details of the method and
procedures for carrying out the
investigation  with  necessary
instrumentation and expected
time schedules should be
included. All supporting studies
necessary for the investigation
should be identified. The
necessary Information of any
collaborative arrangement, if
existing with other investigators
for such studies, should be
furnished. The principal
Investigator is expected to have
worked out his collaborative
arrangement himself. For the
development of balloon, rocket
and satellite-borne payloads it

There are attempts made on GAN based Hyper spectral imag:
classification [2]. In this technique, GAN is used to obtain th
class label of the individual pixel of the high resolution hype
spectral images directly.

In our proposal, we plan to use the low resolution hyperspectra
images for classification. We use GAN network to convert the
low resolution hyper spectral images into high resolution image
hyper spectral images. We further use the obtained high
resolution images for further classification.

References:

[1] Christian Ledig et.al. Photo-Realistic Single Image Super
Resolution Using a Generative Adversarial Network, 2017 |EEL
Conference on Computer Vision and Pattern recognition.

[2] Lin Zhu, Yushi Chen Pedram Ghamisi and Jon At
Benediktsson,  Generative  Adversarial  Networks  fo
Hyperspectral Image Classification, IEEE Transactions on Ge:
science and Remote sensing.
Linkage to space programme:
[1] Demonstration of the performance of the developed

" algorithm on the hyper spectral satellite images (collected from

ISRO) like the one collected from Mangrove forest.
Deliverables to ISRO
[2]High quality research publications (based on the research)

and Books/ Book chapters.
ey Trained
I Generator

| Low resclution hyperspectral images under test
il Corresponding hyperspectral images generated
using the trained generator

| [3]Completion of the Ph.D. - 1 student

'l >Generator
i ﬂﬂ

- :@iscriminatcﬂ-)—

=

Tl Low r ution hyperspectral images
Corresponding generated high resolution hyperspectral images
ZiCorresponding actual high resolution hyperspectral images

Training stage Testing stage

Fig.1 Proposed Generative Adversial Network used for low
resolution hyper spectral satellite image classification

In Generative Adversarial Network, we have two convolutiol
network structures. One acts as the generator block and thi
other as the discriminator block.

Group of hyper spectral images are given as the input to th
generator block. The generator block tries to convert the grou
of low resolution images into group of corresponding higl




will be necessary to provide
relevant details of their design.
ISRO should also be informed
whether the Institution has
adequate facilities for such
payload development or will be
dependent on ISRO or some
other Institution for this purpose.

Data base and analysis

A brief description of the data
base and analysis plan should
be included. If any assistance is
required from ISRO for data
analysis purposes, it should be
indicated clearly.

resolution images. The generated high resolution images
along with the corresponding actual high resolution images ar
given as the input to the discriminator.

The discriminator network is trained such that the variabl
associated with the output of the discriminator takes the valu
0.5 (for the ideal cases) for both original high resolution imag:
and the high resolution image obtained from the generatol
This is done to make sure that the discriminator is not able t
discriminate the original high resolution image and the onx
generated by the generator. The output of the discriminatol
along with the output of the generator is also considered t
adjust the weights involved in the generator and th
discriminator during the training phase.

The high resolution image (corresponding to the low resolutiol
image under test) is obtained using the trained generator an
are subjected to the classification using the classifier lik
Support Vector Machine.

This approach has the advantage of making use of correlatio
between different spectral bands during training phase. A
batch processing is involved during the training phase, slov
convergence is expected.

Alternative approach:

Instead of using single GAN, 220 different GANs (one for eac!
spectral band) is considered. Upon training, classification i
done by combining the decision taken by the individual traine:
GAN. As the complexity of the individual GAN is limited, wi
expect fast convergence in this approach.

[1] Proof of the concept of the developed algorithm is
demonstrated using widely used dataset like
(1) Salinas with 204 bands [after removal of low signal to
noise ratio bands]. Captured using Airborne
Visible/Infrared imaging (AVIRAS), 512x217 pixels.
Number of classes-16
(2) KSC dataset NASA (AVIRAS) with 176 bands (after
removal of low signal to noise ratio bands), 512x 614
pixels, Number of classes-13
(3) Indian Pines test with 200 spectral bands (after removal
of low signal to noise ratio bands), 145x145 pixels,
Number of classes-16
[2] Upon completion of proof of concept, the developed
algorithm is tested using Hyper spectral images collected from
ISRO. Example: Hyper spectral images collected from the
Mangrove Ecosystem. This needs assistance from ISRO for
‘the proper selection of the dataset.




; 8. ’ Available Institutional facilities
Facilities such as equipments,

| etc, available at the parent
Institution for the proposed

' investigation should be listed.

9. | Fund Requirement

1. Laboratory space with electricity facility and other basic

facilities
2. High speed Internet
3. Matlab software.

4. Other free softwares will be downloaded and installed

through high speed internet.

Detailed year wise break-up for the Project budget should be given as follows:

| Fellowships* ] = Yr 204 Yy -k (
|  Research Scientist | - - -
' Research Assocrlat‘e ) e . -
‘ Research Fellows (SRF) 25000X12 25000X12 28000X12
~ Total| 3,00,000 - 3,00000 | 3,36,000 7
*Note: please specrfy the desrgnatlon ‘qualification and rate of salary per month for each category
, - Py [ - 2%Yr - | 3¥Yr Total
} 5,00,000
f High end
‘ workstation
(greater than ) )
Equipment** 395 GHz)+24" 5,00,000
LED
Monitor+16GB
Memory with
- ups | -
Total | 5,00,000 | - 1 - -
' Please specify the various individual items of equipment and indicate foreign exchange requirement, if
“ any
{ IstYr 2vdyr [ 3dYr Total ]
Satelllte data 50000 - . - 50,000
| R ik 1 . T 2™ Yr 3 Yr Total
Consumables 7&7_ 15000 1 10000 10000 35000
, tyr | 2rdyr 3+ ¥y Total
Internal Ira!el B 50000 | 50000 50000 150000
- st Yr ) 2 ¥r L 3HYr Total
Contlngenues - 5000_*7 5000 B 5000 | 15000
I ¥Yr Nk { N 3 ¥Yr Total
Others L - 7 - 0
' Total 9, 20 OQOH | 3,65,000 4,01,000
| IstYr 2nd Yr 3d Yr ~ Total




| Overheads(Overhead
Expenses of 20% of
Total Project Cost not
exceeding 3.00 lakhs

)

1,84,000

Total | 11,04,000

73,000

14,38,000

10.

Whether the same or similar
proposal has been submitted to
other funding agencies of
Government of India.

If Yes please provide details of
the institution & status of the
proposal.

No

——

80,200 | ) 3,37,200

- 481,200 |  20,23,200

**Justify each equipment. If computer is proposed, only desktop has to be purchased not laptop
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| / We hereby agree to abide by the rules and regulations of ISRO research
grants and accept to be governed by all the terms and conditions laid down for
this purpose.

| / We certify that | / We have not received any grant-in-aid for the same purpose
from any other Department of the Central Government / State Government /
Public Sector Enterprise during the period to which the grant relates.
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Engineering
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Institution Thomas WA b\\ ol Technology
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