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1. Project Title: Hyperspectral Remote Sensing of Natural and Man-Made Features Based on 
                        UV-Vis-NIR Spectral Measurements  

      DST No:         NRDMS/11/1148/06 Date: January 31st, 2008   

2. PI (Name, Present Address & Designation):   
                                                    Dr. Barun RayChaudhuri 

                                                    Associate Professor in Physics
                                                    Presidency University 

                                                    (formerly Presidency College)
                                                    86/1, College Street, Kolkata 700 073, INDIA

                                                    E-mail: barun.raychaudhuri@gmail.com
                                                    Date of Birth: 10.10.1965  
3. Co-PI (Name & Address): No
4. Broad area of Research:  Physics
      Sub Area:  Physics and Techniques of Remote Sensing

5. Approved Objectives of the Proposal :
· The primary aim of the work was to contribute to the development of spectral library for hyperspectral remote sensing. 

· The main intention was to investigate on the spectral response at finer resolution of wavelength and to standardize the spectral signatures for natural (vegetation, waterbody) and man-made (concrete, brick, tile) objects and their relative contributions in mixed pixels within visible and near-infrared wavelength ranges. 

· Effort was to be made so as to standardize the critical area for a certain feature for a definite field of view so that it might be concealed/ identified in spectral response. 

      Date of Start: 28th April, 2008
      Total cost of Project: ` 2432475/- (Rupees twenty-four lakh thirty-two thousand four 
                                                                    hundred seventy-five only)
       Initial Release:  ` 1800000/- (Rupees eighteen lakh only)
       Balance Amount: ` Rs. 415164 (Rupees four lakh fifteen thousand one hundred sixty four 

                                                             Only)
6. Methodology : The plan of action and progress are summarized below. Also the proposed extension is given as Anneure – A. 
	Sl. No.
	Activity
	Start month
	End month


	i
	Placement of order as per quotation and finalizing the arrangement for purchase

	April 08
	June 08

	ii
	Recruitment of JRF through advt.& interview 

	April 08
	May 08

	iii
	Instrumental set up, computer interfacing, software installation etc.

	June 08
	Sept. 08

	iv
	Calibration, trial run and preparation of draft data

	Sept. 08
	Dec. 08

	v
	Collection of primary data and standardization of methodology

	Dec. 08
	March 09

	vi
	Purchase of multispectral satellite image and trials with software

	April 09
	June 09

	vii
	Outdoor field work, laboratory work and their comparisons


	June 09
	Sept. 09

	viii
	Procuring hyperspectral satellite image, trials with software and comparison with ground data 


	Sept. 09
	Dec. 09

	ix
	All the above and attempt to standardize the mixed spectral response and the critical size for an endmember area for a certain field of view 

	Dec. 09
	March 10

	x
	Measurement of irradiance under both solar illumination and tungsten-halogen illumination with special emphasis on oxygen absorption band

 
	April 10
	June 10

	xi
	Measurements carried out on the chlorophyll fluorescence properties under both solar illumination and tungsten-halogen illumination

	June 10
	Aug 10

	xii
	Studies on hyperspectral (Hyperion) and multispectral (OCM and LISS-3) images

	Sept. 10
	Nov. 10

	xiii
	Comparison of ground and satellite data on irradiance and fluorescence
	Nov. 10
	Jan. 11

	xiv
	All the above and attempt to standardize the irradiance data, aerosol detection and fluorescence detection 
	Jan. 11
	March 11


7. Salient Research Achievements: (Details are attached as Annexure – B)  
7.1 Summary of Progress:
(i) Use of Spectroradiometer

· An important primary task of the project work was to import a sophisticated foreign spectroradiometer capable of performing hyperspectral measurements and to standardize its method of use. 
· The equipment was imported, installed and computer-interfaced. The driver software and supporting software were installed. 
· An idea was developed on miniature sensor fabrication with light emitting diode, which was validated with the spectroradiometer purchased from this project grant. 
· Hyperspectral signatures were generated in laboratory throughout the ultraviolet-visible-near-infrared (UV-vis-NIR) region (400-1000 nm) with 1 nm resolution for a lot of natural and man-made objects, viz. sand, vegetation, brick and concrete and their mixtures within a pixel. 

· Solar irradiance spectra throughout the UV-vis-NIR region were measured at different atmospheric conditions.

(ii) Mixed Pixel Analysis

Ground objects, specifically in urban areas may have dimensions smaller than the spatial resolution of the satellite sensor so that a mixture of objects fills up the field of view. Consequently, a pixel in the satellite image consists of a mixture of spectral signatures. The present work emphasizes on the point that such situations of spectral mixing should be incorporated in the development of spectral libraries. Spectral signatures can be derived from hyperspectral satellite images, but those are very limited in availability. This work proposes a methodology of analyzing mixed pixel signatures within UV-vis-NIR range of wavelength using a combination of hyperspectral laboratory data and multispectral satellite data, which are easily obtainable. 
In one phase of the work, model mixed pixels and their hyperspectral signatures were generated in laboratory involving natural and man-made objects, viz. sand, vegetation, brick and concrete. In the other phase of the work, actual pixels of satellite images of different spatial and spectral resolutions were analyzed using ENVI 4.5 image processing software. 
Data obtained from Hyperion hyperspectral images and OCM and LISS-3 multispectral images were compared with laboratory generated signatures. The distinct endmember zones were identified with Minimum Noise Fraction (MNF) Transform and the average reflectance values obtained from these zones were compared with the results obtained from spectroscopic studies in laboratory.

Also the temporal changes in the signatures over the last one decade were studied. The reflectance changes could detect some important temporal in natural environment and relative proportions of natural and man-made objects occurred during the last one decade. 
In course of experiment, it was noted that an endmember, after acquiring a certain large portion of majority in the field of view, dominated the spectral response and resembled 100% contribution. If the existence of an object went below a critical area, it was concealed in the spectral response. The above finding is important to low spatial resolution hperspectral image because it can be either a limitation in identification of object or deliberate exploitation in camouflaging objects. 
(iii) Solar Irradiance Studies 
The diurnal, seasonal and atmospheric variations of the solar irradiance spectra throughout UV-vis-NIR wavelengths were studied. The change of the atmospheric oxygen absorption (O2 – A) band depth, a hyperspectral signature at around 760 nm was monitored. The presence of aerosol was found to strongly influence the band depth and the aerosol optical depth was estimated from that band. 
(iv) Chlorophyll Fluorescence Estimation
The hyperspectral fluorescence signature of chlorophyll was detected as a small spike on the reflectance spectral curve of vegetation at the oxygen absorption band around 760 nm. The origin of the fluorescence signature was justified with both leaf level and pigment level studies on green and senescent leaves and a quantitative estimation was proposed for the filling up of the oxygen absorption band depth due to fluorescence. 
7.2 New Observations:

· In course of hyperspectral studies on mixed pixel response in laboratory and comparison with satellite image pixels, it has been noted that an endmember, after acquiring a certain large portion of majority in the field of view, dominates the spectral response and resembles 100% contribution. The existence of the other objects below a critical area is concealed in the spectral response. 
· An idea was developed on miniature sensor fabrication using light emitting diodes, which was validated with the spectroradiometer. 
· The presence of aerosol was found to strongly influence the atmospheric oxygen absorption band depth at around 760 nm and the aerosol optical depth was estimated from that band. 
· The hyperspectral fluorescence signature of chlorophyll was detected as a small spike on the reflectance spectral curve of vegetation at the oxygen absorption band around 760 nm.

7.3 Innovations:

· The present work emphasizes on the possibility of spectral mixture specifically in urban areas and suggests the incorporation of such spectral mixing in different proportions in the process of development of spectral libraries. 
· As an alternative to the use of very limited hyperspectral satellite image, it seeks for the solution to spatial feature discrimination with a combination of laboratory-generated hyperspectral signatures and multispectral satellite data available in abundance.

· The optoelectronic properties of commercially available LEDs of different wavebands were standardized by measuring the open-circuit voltage and short circuit currents at different light intensities and different wavelengths of incident radiation. Prototype miniature sensor was fabricated with LEDs and the sensor performances were demonstrated for both solar photometry and surface reflectance measurements.

7.4 Application Potential:

7.4.1 Long Term

The students of M. Sc. Physics and future research scholars at Presidency University will be the beneficiaries. The proposed work is a part of the contiguous attempts to build up infrastructural facility for studying the physics and techniques of remote sensing at this department. A separate well-equipped laboratory has been established with the previous and the present project funds of the undersigned. An elective paper on Remote Sensing Physics has been introduced in M. Sc. Physics course of Presidency University.
The ultimate aim is to integrate the above mentioned activities to develop a good infrastructure and trained students for emphasizing researches on physical principles and instrumentations related to remote sensing. Collaborative work with research institutions and manufacturers may be sought in future. 
It is pleasure to mention that a research scholar has obtained Ph. D. Degree of the University of Calcutta working under the supervision of Dr. Barun RayChaudhuri (PI) and using the above facilities as a part of the work. 
7.4.2    Immediate: 

Most of the stated objectives are believed to have been fulfilled within the scheduled time. In addition, some independent ideas were developed in course of the work, which were not incorporated to the original proposal. The PI strongly recommended not to give up or postpone those, but to include as a new portion of the work.

The PI has repeatedly requested for the permission of DST to utilize the balance amount of equipment grant in purchasing other useful equipment. Detailed statements and objective of the purchase are attached as Annexure – A. However, the request has not been permitted. So the PI intends to submit the above as a new proposal in near future.
7.5 Any other:
Attached as Annexure – A. 

8. Research work which remains to be done under the project:
The final report is now being submitted. The PI believes that most of the stated objectives have been fulfilled within the scheduled time as mentioned below. 

(a) The hyperspectral signatures of natural (vegetation and soil) and man-made features (concrete, brick and building sand) have been standardized throughout UV-Vis-NIR range of wavelength. Emphasis has been laid upon man-made features and a methodology is developed to analyze mixed pixel analysis.
(b) Both laboratory studies and field measurements are carried out for reflectance, absorbance and transmittance for solid surfaces and atmosphere. 

(c) Instead of vegetation itself, investigation was carried out for mixture of vegetation with man-made objects in a pixel.

(d) Seasonal changes and environmental changes of solar irradiance spectra were studied both from ground data and satellite data and atmospheric aerosols were estimated.

(e) Several hyperspectral features were sharply point out, such as the atmospheric oxygen absorption band at around 760 nm for the estimation of aerosol density and chlorophyll fluorescence.  

(f) The results obtained from hyperspectral (Hyperion) and multispectral (OCM and LISS-3) satellite data were compared with those achieved from spectroradiometric measurements.
(g) Attempts were made to propose a methodology, on the basis of the above, for distinguishing target from surroundings or matching target with surroundings for concealment in connection with hyperspectral remote sensing.

Application of fuzzy logic to the analysis of data is still under progress and could not be reported here. 
In addition, some independent ideas have been developed in course of the work, which were not incorporated to the original proposal. For instance, the spectroradiometer can be employed to atmospheric studies, aerosol estimation in detecting vegetation fluorescence, as mentioned in the summary of progress. 

The PI strongly recommends executing those as a new part of work and intends to submit the above as a new proposal in near future.

.

Ph. D. Produced:

The following research scholar has carried out part-time research and obtained Ph. D. Degree of the University of Calcutta working under the supervision of Dr. Barun RayChaudhuri and using the facilities procured from this project grant as a part of the Ph. D. work. 

             Name:           Sm. Subarnarekha Bhaumik
             Designation: Assistant Professor in Physics

             Address:     The Bhawanipur Education Society College
                                 5 L.L.R. Sarani, Kolkata 700 020, INDIA
Thesis Title: “Study of Bio-Optical and Bioelectronic Properties of Vegetation as
                       Remote Sensing Tools” 
The Thesis has acknowledged the benefits obtained from the equipment and infrastructure procured from the financial grants of DST-NRDMS. 

Major Equipment: 
Spectroradiometer ASD FieldSpec (325-1075 nm) Model and Make: Analytical Spectral Devices, USA with the following accessories

· Accessories for measuring irradiance, radiance & radiance
· Instrument controller computer

· Driver and processing softwares
· Different foreoptics with separate calibration 

· Cosine receptor with calibration 

· Prolamp assembly

· White reference panel

· Tripod stand 

Details of JRF:  

The JRF employed in the project work resigned on the 9th April, 09. No interested candidate was found later. Hence no new JRF was recruited and no claim was made for the salary in the next annual grant. 

List of Publications from this Project

(A) Papers published in cited Journals (SCI)
1. “Light emitting diode as sensor for miniature multispectral radiometer”

           B. RayChaudhuri and C. Sen

           Applied Physics B, Vol.95, pp. 141-144, 2009

2. “Synthesis of mixed pixel hyperspectral signatures”

B. RayChaudhuri

International Journal of Remote Sensing, accepted for publication

(B) Papers published in Conference Proceedings, Popular Journals etc.

1. “Sustainability of O2 – A band depth with atmospheric changes and its suitability for 
  aerosol estimation”

              Barun RayChaudhuri
              Oral presentation at NRDMS session in the International Symposium entitled, 

              “Geospatial World Forum” held at Hyderabad during January 18 - 21, 2011. 
2. “Analysis of uv-vis-NIR hyperspectral signatures of mixed pixels”  

     Barun RayChaudhuri

     Oral presentation in National Symposium entitled Geomatics-2010 held in 

     Space Applications Centre, Ahmedabad during February 4 - 6, 2010.

3. “Spectral analysis of reflected radiation data obtained from satellite images in urban

              remote sensing” 

              Barun RayChaudhuri

              Oral presentation in state level conference entitled, “17th State Science & Technology

              Congress, West Bengal” held in Kolkata during March 4 - 5, 2010.

All the publications have acknowledged the financial support of DST-NRDMS.

Annexure – A
Request that was put up for the permission to utilize the unspent grant
The PI is pleased to inform that a saving of about 4 lakh was possible in the purchase of equipment because the vendor (M/s ASD Inc. USA) had been generous to deliver the equipment at the previous cost. Also the central excise duty was exempted.  

The PI had repeatedly requested in writing for the permission of DST to utilize the balance amount of equipment grant in purchasing other useful equipment, the details being given below.

1. Equipment: DFB Laser Diode manufactured by M/s. Nanoplus, Germany, Indian Distributor: M/s. Laser Science, Navi Mumbai.

2. Justification: The objective is to study atmospheric oxygen absorption and its variation with parameters like aerosols. The primary work has been carried out with existing equipment and presented in Geospatial World Forum 2011, Hyderabad. 
3. Approx. Cost: EURO 5873 + Shipping & Documentation by L/c EURO 600, Total EURO 6473 (Quotation was attached with the original request letter)
