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Abstract

Information Visualization and Mining in Remote Sensing and GIS Images

Remote sensing and geographic information systems (GIS) techniques are being increasingly utilized in real-time resource monitoring and management. Digital images acquired by various sensors, combined with geospatial ground information, are used to estimate geophysical parameters, such as soil moisture and biomass, or to detect the presence and extent of geophysical phenomena, such as floods and drought. These raw images are processed using various operations such as filtering, compression, and speckle reduction. Using these operations, the analyst attempts to maximize the information contained within the imagery for applications such as edge delineation or regional classification. However, the definition of image information content eludes a simple objective quantitative measure. This parameter is generally assumed to depend upon variables such as spatial and radiometric resolutions, shape and size of the parameter or phenomena of interest, image textural statistics, and noise.  In addition, this also depends upon the specific application the analyst is seeking to accomplish. The unambiguous assessment of image quality is essential to guide the analyst towards the most appropriate information enhancement technique in various applications, such as remote sensing, digital photogrammetry, and GIS. The problem is important since tools are needed to effectively work with multiple data sources as well as image-rich archives, especially on softcopy platforms.

Our goal is to characterize image quality by developing models and measures to quantify image information content, and to develop the tools to assist the analyst visualize and mine remote sensing and GIS imagery using extensive mathematical modeling and simulation. Modeling will help develop the mathematical framework for developing the necessary tools, and simulation will help validate these tools under a wide range of scenarios likely to be encountered in practice. Models will be based upon statistical, stochastic, correlation, analytical, and Markov chain approaches in hierarchical form, wherein hierarchy will include a combination of two or more of the above.

Major expected research outcomes include: (1) development of models to quantify information content and image quality of remote sensing and GIS images based upon the end application; (2) development of application-specific tools for enhancement of remote sensing and GIS imagery; (3) understanding of image quality measures for specific user applications in a softcopy environment, such as geographic interpretation, and; (4) development of image mining tools to extract hidden information in remote sensing and GIS imagery. The research results are expected to have wide ranging applications, including natural resource monitoring, environmental assessment, and military surveillance.

The project combines the expertise of four faculty members at UNL and one faculty member at UNO: Narayanan in information characterization and image mining in remote sensing; Narumalani in GIS image analysis and modeling; Reichenbach in image processing, restoration, and visualization; Vakilzadian in image modeling and simulation, and; Peterson in geographic information analysis. The proposed research falls within Category 1 under the topic Information Technology. The following subtopics are addressed: computer visualization, mathematical modeling, simulation, data mining, information processing, and resource management.
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Project Description

Information Visualization and Mining in Remote Sensing and GIS Images

1. Background and Context of Proposed Research

In softcopy imaging applications, the analyst attempts to retrieve (or acquire), process, and view the image or images that maximize information relevant to an application-specific goal. For example, in the geophysical domain, an analyst classifying ground-cover may need to retrieve images from various sensors that are multi-spectral, multi-temporal, and multi-scale; process them, for example to extract relevant data; and view them, possibly fusing multiple images for display. Imaging applications frequently have rich data sets, multiple processing steps with various alternatives, and results that require subjective judgment. Usually, it is a great challenge to determine what image data are relevant, how the images are to be processed, and how the images should be viewed and interpreted. 

In order to best accomplish such a difficult  task, it is necessary to have a means to assess information content in the images, to describe the effects of  image processing on the information content, and to present to the viewer the image or images with the greatest information content for a particular application. There have been attempts to define the information content of remotely sensed imagery [Frost & Shanmugan, 1983; Dowman & Peacegood, 1989; Oliver, 1991] and of medical imagery [Fuderer, 1988; De Wilde et al., 1997]. In general, information content is a function of several variables, including image resolution (spatial, radiometric, and spectral), scale of variability of the physical feature of interest, and other image characteristics including image statistics such as texture and signal-to-noise ratio [Kalmykov et al., 1990].

It is important to recognize that the same image may have different information content depending upon the specific objective. As an example, consider a satellite radar image of a scene containing different types of terrain. Despite its poor gray-scale resolution, the image may still be useful in classifying different terrain types as long as the radiometric difference between the mean values of the individual terrain types is larger than the gray-scale resolution. We can then say that the information content of the image for terrain classification is high. On the other hand, if it is desired to estimate the amount of soil moisture in a bare soil area with a high degree of accuracy, the poor gray-scale resolution may be unable to yield the accuracy required for this purpose. In this case, we can say that the information content of the image for soil moisture estimation is low. 

Although many researchers have laid the groundwork relating resolution and other parameters to image information content, there exists a need to develop tools for the image analyst in applications involving softcopy platforms. In this proposal, we seek NRI support to develop approaches that empower the analyst to choose and refine images and operations based upon information theoretic analysis. Initial choices can be guided by examples of similar applications, and the analyst can subsequently be guided in improving image quality for the specific application based upon information theoretic measures. For example, having produced a preliminary result, an analyst could employ a tool to suggest other images that were not used to obtain the preliminary result but that have high mutual information with it. 

Finally, the lessons learned in such a softcopy environment could be applied in systems design. For example, in recent years, hyperspectral and high spatial resolution imaging systems are emerging as powerful tools for numerous applications, such as urban planning, environmental monitoring, wetlands assessment, etc. Such systems generate data at rates that challenge communication and storage capacities. It is important for such systems to deliver just as much information about the scene as is necessary with as small a data rate as possible. 

2. The Problem, Methods, and Approaches

Researchers and decision-makers, when confronted with complex problems involving spatial information such as remote sensing and GIS data, require tools for:

· Storing and warehousing the processed first-level data;
· Extracting useful information from the first-level data;
· Presenting the information thus extracted in the form of two-, three-, or multi-dimensional images;
· Measuring the information using appropriate metrics for meaningful comparison between data; and 
· Interpreting the information unambiguously for proper decision-making.
Users of geospatial, geographical, and cartographic data have increasingly powerful computing hardware and access to vast amounts of data now available through the Internet. Creating distributed, heterogeneous information networks is one of the greatest challenges in realizing the era envisioned by the National Science Foundation (NSF) initiative for Knowledge and Distributed Intelligence (KDI). Many federal and state agencies, such as the National Aeronautics and Space Administration (NASA) and the National Imagery mapping Agency (NIMA), have instituted research programs for enhancing the information measure (i.e., content and relevance) of geospatial data. There is thus a pressing need for advanced multi-pronged approaches to store, mine, visualize, quantify, and interpret geospatial data in decision making and decision support. 

Our approaches include the areas of information theory, data mining, computer simulation, constrained databases. knowledge engineering, spatial statistics, and image visualization. These techniques work together at several levels to integrate spatial data for decision support, as shown in Figure 1. The process is initiated with an identification of relevant first-level processed data and models for an application script. The data are analyzed in form and content in order to determine the process for effectively storing the data for ease of access, comparison, and correlation with other data. The spatial attributes pertaining to the data are used to create or access relevant meta-data, i.e., information about the data, which are used as the basis for mining the data for information. Image processing techniques, developed using extensive computer simulation tools, are used to represent and visualize the information thus mined in image form that the user can understand, relate to, and utilize. Information theoretic measures are developed to quantify the information content within the image which are both intuitively appealing and application specific. Finally, psychological and other measures are analyzed to enhance the interpretability of the image information for specific end applications. 

FIGURE 1 HERE, THE FLOW CHART THAT WE DREW ON THE BOARD. I EXPECT IT WILL OCCUPY ONE-THIRD OF A PAGE. 

The following are the major issues to be considered:
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· How can remote sensing and GIS data be effectively warehoused?

Remote sensing and GIS data are available in different formats, different resolutions, and different accuracies. The greatest challenge in using such data is to be able to effectively store, or warehouse, the data. This is required so that the data can easily be accessed, as well as to enable the analyst determine similar data streams that can be fused for enhancing the information measure contained therein. It is important to recognize that in addition to the data, relevant meta-data also must be warehoused. Also, much of the data may be in fuzzy form, i.e., temperature may be recorded not as an exact value but as lying between two limits. Furthermore, spatial data (eg., temperature or pressure) may be available only in point form, i.e., (at specific locations), which may need to be interpolated or extrapolated to yield values at other locations. In many cases, meta-data may simply not be available, and this may need to be guessed based upon the other input factors, such as climatology. 

· How can information be effectively mined from the data?

Once the data have been warehoused, the next step is to extract the maximum amount of information from the data. This involves the use of data mining techniques. Data mining is a new and rapidly emerging area of research that promises to revolutionize the field of information technology and information management. Data mining, although simply defined as "mining of data", involves searching through extremely large databases containing various types of information records to arrive at useful associations between information patterns. Literally, one digs through large databases looking for correlations between two or more parameters, and when such correlations are discovered, they lead to clues about the manner in which these pieces of information are related. An example in remote sensing could be stated as follows: "60% of areas showing lower than average corn yield occur in regions where soil salinity is twice the tolerable stress level for corn". Data mining is very well suited to remote sensing, where the potential for applications involving environmental mapping, weather forecasting, agrobusiness, urban planning, etc. In this context, "data" may include both unprocessed (i.e., raw) as well as pre-processed data.

· How can information be effectively represented and visualized in image form? 

The most efficient manner to represent and visualize spatial information is in the form of a two-dimensional image. Image formation is the process of representing the information both from the raw data and the relevant meta-data. However, other representations include three- or multi-dimensional images, from which various two-dimensional representations can be obtained. Various types of operations can be performed for efficient representation, such as pixel size selection, smoothing and filtering, feature extraction, etc (Leberl, 1996). It is also important to develop visualization techniques that construct knowledge and dynamically link the visual display with the underlying geographic data structures and the system users (MacEachren et al., 1998).

· How can information be effectively measured quantitatively?

The definition of image information content eludes a simple objective quantitative measure. This parameter is generally assumed to depend upon variables such as spatial and radiometric resolutions, shape and size of the parameter or phenomena of interest, image textural statistics, and noise.  In addition, this also depends upon the specific application the analyst is seeking to accomplish. The unambiguous assessment of image quality is essential to guide the analyst towards the most appropriate information enhancement technique in various applications, such as remote sensing, digital photogrammetry, and GIS. Based upon the pixel values of the two-dimensional spatial image, a number of image quality measures can be computed (Eskicioglu and Fisher, 1995), and evaluated for specific end applications. It must be recognized that a particular image quality measure useful for a particular application (e.g., geophysical parameter estimation) may not be useful for another application (e.g., edge delineation). 

An information-theoretic approach can be developed for characterizing the information contained within an image using various models, such as nonparametric and parametric models, or Markov random fields (O’Sullivan et al., 1998). This approach provides a rigorous mathematical framework for defining the optimality measures used to evaluate images, and to address issues associated with the development of the appropriate algorithms to enhance these measures.  A related technique addresses the concept of information density and relates this to parameters such as signal-to-noise ratio and scene radiance statistics (Reichenbach et al., 1999).This concept can be used to optimally design sensors, such as hyperspectral systems, for maximizing information density. The concept of using application-specific parameters, such as classification accuracy, is used to quantify image information content, and relate it to image parameters, such as spatial resolution, gray-scale resolution, and signal-to-noise ratio (Narayanan et al., 2001).

· How can information be effectively interpreted by the user (analyst, general public, or business entity)?
In the final analysis, what matters is how the user interprets the information contained within the image. This is related to both physical and psychological characteristics of the interpreter. As an example, a 10-level scale, called the National Imagery Interpretability Rating Scale (NIIRS), has been developed for assessing the performance of airborne sensor systems. This model relates aerial image quality to fundamental image attributes, such as scale, sharpness, and signal-to-noise ratio (Maver & Erdman, 1995; Leachtenauer et al., 1997). The model was originally developed through a regression-modeling approach using input provided by ten imagery assessment analysts; thus, the NIIRS scale is based upon both objective as well as subjective measures. 

 
The need to measure the quality or usefulness of an image is fundamental to the design and operation of imaging systems. The NIIRS is based on 10 rating levels, from 0 to 9.  The  higher the NIIRS rating, the higher the imagery interpretability.  To define the interpretability at a specific NIIRS level, textual descriptors, referred to as NIIRS criteria, are used.  A total of 55 criteria comprise the 10 NIIRS levels; six criteria each at levels 1 through 9 and a single criteria at level 0.  The scaling system is strongly based on spatial information so that more “detailed” information can be extracted from the image at a higher NIIRS level. The NIIRS criteria are used as a reference to quantify,or rate, the interpretability of an image.  It is based on the premise that experienced imagery analysts can place imagery along a scale of relative interpretability.  It does not account  for the cognitive ability of the interpreter or their background in image interpretation (Buttenfield and Beard, 1994).


It remains to be investigated if the NIIRS scale can be applied to remote sensing and GIS images, and if so, under what constraints. Human factors, such as perception, also play a key role in image interpretability, and it has been shown that at times, sensor fusion can actually fail to aid human perception (Essock et al., 2001). Thus, the effects of sensor fusion algorithms on image interpretation and image understanding needs to be studied.
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3. Anticipated Outcomes and Significance

Major expected research outcomes include: (1) development of models to quantify information content and image quality of remote sensing and GIS images based upon the end application; (2) development of application-specific tools for enhancement of remote sensing and GIS imagery; (3) understanding of image quality measures for specific user applications in a softcopy environment, such as geographic interpretation, and; (4) development of image mining tools to extract hidden information in remote sensing and GIS imagery. The research results are expected to have wide ranging applications, including natural resource monitoring, environmental assessment, and military surveillance.

4. Plan for Sustained Support

Work in image processing and visualization in remote sensing and GIS is funded by both government and industry organizations. Faculty members involved in this project have established relationships through their grant and service activities (see vitae) with both the public and the private sectors. In the proposed project, little funding is requested for infrastructure development; funds are primarily sought for salary support for graduate students and a post-doctoral associate. 

We anticipate that sustained support after the end of NRI funding to be available from various sources within government (federal, state, and local) and industry, with whom we have contacts and collaboration. These include government agencies such as NASA, U.S. Geological Survey (USGS), U.S. Department of Agriculture (USDA), Department of Energy (DoE), Nebraska Department of Natural Resources, etc. Private industry support is expected primarily from companies involved with the development of image processing and visualization products, such as ERDAS, ENVI, Microsoft, SpaceImaging, etc. We will also explore multi-institutional collaboration and establish research partnerships in order to develop large-scale joint proposals. 

We also plan to establish business ventures through avenues such as the Small Business Innovative Research (SBIR) program. Two of the project investigators (Narumalani and Reichenbach) have already established similar successful small businesses in Nebraska, and we hope to exploit this knowledge. The area of Information Technology is one that is especially relevant for Nebraska, given the large number of companies and enterprises (over 50) resident in the eastern part of the state, near Lincoln and Omaha, involved in all facets of information technology. 
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· Interactive and Animated Cartography, Englewood Cliffs, NJ: Prentice-Hall, 1995.

· Improving the International User Interface in Computer Cartography. Proceedings of the 16th International Cartographic Conference 1993, pp. 870-880.

Selected Other Significant Publications:

· Trends in Internet Map Use.: A Second Look . Proceedings of the 19th International Cartographic Conference 1999.

· Trends in Internet Map Use. Proceedings of the 18th International Cartographic Conference 1997, pp. 1635-1642.

· Cartographic Animation. Yearbook of Geography 2000, McGraw-Hill, 2000.

· Maps and the Internet. (2001) The Map Library in the New Millenium, R.B. Parry (ed.), London: Library Association Publishing, pp. 88-102.

· The Automated Display of Maps and Images from the Internet. Journal of South China Normal University, July 2001, pp. 56-64.

· The Development of Map Distribution through the Internet. Proceedings of the 21st International Cartographic Conference 2001.

Selected Grants and Contracts:
· U.S. Department of Education: Special Research Equipment for Remote Sensing and Geographic Information Systems, 05/87 – 05/93, $276,744

· National Science Foundation Instrumentation and Laboratory Improvement Grant, Integration of Computer Technology and Interactive Learning in an Undergraduate  Environmental Science Curriculum , 6/94-6/96, $50,596

· Student Fees Equipment Grant, Software for Computer Lab , 8/98 – 12/98, $6,600

· Student Fees Equipment Grant, New Equipments for Computer Lab , 8/99 – 12/99, $28,000

· Fulbright Fellowship, Travel and Stipend to Austria, 3/99 – 6/99,  $25,000

Year 1

NRI

PROPOSAL BUDGET

	TTTLE OF PROPOSAL: Information Visualization and Mining in Remote Sensing and GIS Images
	
	
	

	
	
	
	

	A.  SENIOR PERSONNEL:  PI/PD, Co‑PI's, Faculty and Other Senior Associates
	Funds
	
	Total

	       (List each separately with title, A.7. show number in brackets)
	Requested
	Matching
	Project

	
	From NRI
	Funds
	Cost

	     1   R.M. Narayanan
	$ 0
	$
	$

	     2   S. Narumalani
	$ 0
	
	

	     3   S.E. Reichenbach
	$ 0
	
	

	     4  H. Vakilzadian
	$ 0
	
	

	     5   M.P. Peterson
	$ 0
	
	

	     6.  (  ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
	
	
	

	     7.  (5) TOTAL SENIOR PERSONNEL (1‑6)
	$ 0
	
	

	B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
	
	
	

	     1.  (1) POST DOCTORAL ASSOCIATES
	$   38,000
	
	

	     2.  (  ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
	
	
	

	     3.  (8) GRADUATE STUDENTS
	$ 120,000
	
	

	     4.  (  ) UNDERGRADUATE STUDENTS
	
	
	

	     5.  (1) SECRETARIAL ‑ CLERICAL (IF CHARGED DIRECTLY)
	$     4,500
	
	

	     6.  (  ) OTHER
	
	
	

	       TOTAL SALARIES AND WAGES (A+B)
	$ 162,500
	
	

	C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) : 23% of above PLUS $410 per student
	$   40,655
	
	

	       TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C)
	$ 203,155
	
	

	D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT.)
	_______________


	
	

	     1. _Personal Computers (8)_____________________________________      $ 20,000____________
	
	
	

	     2. _Workstations (2) __________________________________________      $ 20,000____________
	
	
	

	     3. ________________________________________________________      $__________________
	
	
	

	     4. ________________________________________________________      $__________________
	
	
	

	     5. ________________________________________________________      $__________________
	
	
	

	      TOTAL EQUIPMENT
	$   40,000
	
	

	E.  TRAVEL  1.  DOMESTIC (INCLUDE CANADA, MEXICO, AND U.S. POSSESSIONS)
	$     6,000
	
	

	                       2.  FOREIGN
	$     2,000
	
	

	
	
	
	

	F.  PARTICIPANT SUPPORT COSTS
	
	
	

	     1.  STIPENDS                    $__________________________
	
	
	

	     2.  TRAVEL                         __________________________
	
	
	

	     3.  SUBSISTENCE               __________________________
	
	
	

	     4.  OTHER                           __________________________
	
	
	

	
	
	
	

	      (   ) TOTAL PARTICIPANT COSTS
	
	
	

	G.  OTHER COSTS
	
	
	

	     1.  MATERIALS AND SUPPLIES
	$     3,000
	
	

	     2.  PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
	$     5,000
	
	

	     3.  CONSULTANT SERVICES
	
	
	

	     4.  COMPUTER SERVICES
	
	
	

	     5.  SUBAWARDS
	
	
	

	     6.  OTHER
	
	
	

	      TOTAL OTHER COSTS (1 THROUGH 6)
	$     8,000
	
	

	H.  TOTAL COSTS (A THROUGH G)
	$ 259,155
	
	


Year 2

NRI

PROPOSAL BUDGET

	TTTLE OF PROPOSAL: Information Visualization and Mining in Remote Sensing and GIS Images
	
	
	

	
	
	
	

	A.  SENIOR PERSONNEL:  PI/PD, Co‑PI's, Faculty and Other Senior Associates
	Funds
	
	Total

	       (List each separately with title, A.7. show number in brackets)
	Requested
	Matching
	Project

	
	From NRI
	Funds
	Cost

	     1   R.M. Narayanan
	$ 0
	$
	$

	     2   S. Narumalani
	$ 0
	
	

	     3   S.E. Reichenbach
	$ 0
	
	

	     4  H. Vakilzadian
	$ 0
	
	

	     5   M.P. Peterson
	$ 0
	
	

	     6.  (  ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
	
	
	

	     7.  (5) TOTAL SENIOR PERSONNEL (1‑6)
	$ 0
	
	

	B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
	
	
	

	     1.  (1) POST DOCTORAL ASSOCIATES
	$   40,000
	
	

	     2.  (  ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
	
	
	

	     3.  (8) GRADUATE STUDENTS
	$ 124,800
	
	

	     4.  (  ) UNDERGRADUATE STUDENTS
	
	
	

	     5.  (1) SECRETARIAL ‑ CLERICAL (IF CHARGED DIRECTLY)
	$     4,725
	
	

	     6.  (  ) OTHER
	
	
	

	       TOTAL SALARIES AND WAGES (A+B)
	$ 169,525
	
	

	C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) : 23% of above PLUS $410 per student
	$   42,271
	
	

	       TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C)
	$ 211,796
	
	

	D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT.)
	_______________


	
	

	     1. _Image Data_______________________________________________      $  6,000____________
	
	
	

	     2. _________________________________________________________      $ _________________
	
	
	

	     3. ________________________________________________________      $__________________
	
	
	

	     4. ________________________________________________________      $__________________
	
	
	

	     5. ________________________________________________________      $__________________
	
	
	

	      TOTAL EQUIPMENT
	$    6,000
	
	

	E.  TRAVEL  1.  DOMESTIC (INCLUDE CANADA, MEXICO, AND U.S. POSSESSIONS)
	$     6,000
	
	

	                       2.  FOREIGN
	$     2,000
	
	

	
	
	
	

	F.  PARTICIPANT SUPPORT COSTS
	
	
	

	     1.  STIPENDS                    $__________________________
	
	
	

	     2.  TRAVEL                         __________________________
	
	
	

	     3.  SUBSISTENCE               __________________________
	
	
	

	     4.  OTHER                           __________________________
	
	
	

	
	
	
	

	      (   ) TOTAL PARTICIPANT COSTS
	
	
	

	G.  OTHER COSTS
	
	
	

	     1.  MATERIALS AND SUPPLIES
	$     3,000
	
	

	     2.  PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
	$     5,000
	
	

	     3.  CONSULTANT SERVICES
	
	
	

	     4.  COMPUTER SERVICES
	
	
	

	     5.  SUBAWARDS
	
	
	

	     6.  OTHER
	
	
	

	      TOTAL OTHER COSTS (1 THROUGH 6)
	$     8,000
	
	

	H.  TOTAL COSTS (A THROUGH G)
	$ 233,796
	
	


Year 3

NRI

PROPOSAL BUDGET

	TTTLE OF PROPOSAL: Information Visualization and Mining in Remote Sensing and GIS Images
	
	
	

	
	
	
	

	A.  SENIOR PERSONNEL:  PI/PD, Co‑PI's, Faculty and Other Senior Associates
	Funds
	
	Total

	       (List each separately with title, A.7. show number in brackets)
	Requested
	Matching
	Project

	
	From NRI
	Funds
	Cost

	     1   R.M. Narayanan
	$ 0
	$
	$

	     2   S. Narumalani
	$ 0
	
	

	     3   S.E. Reichenbach
	$ 0
	
	

	     4  H. Vakilzadian
	$ 0
	
	

	     5   M.P. Peterson
	$ 0
	
	

	     6.  (  ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
	
	
	

	     7.  (5) TOTAL SENIOR PERSONNEL (1‑6)
	$ 0
	
	

	B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
	
	
	

	     1.  (1) POST DOCTORAL ASSOCIATES
	$   42,000
	
	

	     2.  (  ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
	
	
	

	     3.  (8) GRADUATE STUDENTS
	$ 129,600
	
	

	     4.  (  ) UNDERGRADUATE STUDENTS
	
	
	

	     5.  (1) SECRETARIAL ‑ CLERICAL (IF CHARGED DIRECTLY)
	$     4,960
	
	

	     6.  (  ) OTHER
	
	
	

	       TOTAL SALARIES AND WAGES (A+B)
	$ 176,560
	
	

	C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) : 23% of above PLUS $410 per student
	$   43,889
	
	

	       TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C)
	$ 220,449
	
	

	D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT.)
	_______________


	
	

	     1. Image Data________________________________________________     $ 6,000_____________
	
	
	

	     2. _________________________________________________________     $__________________
	
	
	

	     3. ________________________________________________________      $__________________
	
	
	

	     4. ________________________________________________________      $__________________
	
	
	

	     5. ________________________________________________________      $__________________
	
	
	

	      TOTAL EQUIPMENT
	$     6,000
	
	

	E.  TRAVEL  1.  DOMESTIC (INCLUDE CANADA, MEXICO, AND U.S. POSSESSIONS)
	$     6,000
	
	

	                       2.  FOREIGN
	$     2,000
	
	

	
	
	
	

	F.  PARTICIPANT SUPPORT COSTS
	
	
	

	     1.  STIPENDS                    $__________________________
	
	
	

	     2.  TRAVEL                         __________________________
	
	
	

	     3.  SUBSISTENCE               __________________________
	
	
	

	     4.  OTHER                           __________________________
	
	
	

	
	
	
	

	      (   ) TOTAL PARTICIPANT COSTS
	
	
	

	G.  OTHER COSTS
	
	
	

	     1.  MATERIALS AND SUPPLIES
	$     3,000
	
	

	     2.  PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
	$     5,000
	
	

	     3.  CONSULTANT SERVICES
	
	
	

	     4.  COMPUTER SERVICES
	
	
	

	     5.  SUBAWARDS
	
	
	

	     6.  OTHER
	
	
	

	      TOTAL OTHER COSTS (1 THROUGH 6)
	$     8,000
	
	

	H.  TOTAL COSTS (A THROUGH G)
	$ 242,449
	
	


Year 4

NRI

PROPOSAL BUDGET

	TTTLE OF PROPOSAL: Information Visualization and Mining in Remote Sensing and GIS Images
	
	
	

	
	
	
	

	A.  SENIOR PERSONNEL:  PI/PD, Co‑PI's, Faculty and Other Senior Associates
	Funds
	
	Total

	       (List each separately with title, A.7. show number in brackets)
	Requested
	Matching
	Project

	
	From NRI
	Funds
	Cost

	     1   R.M. Narayanan
	$ 0
	$
	$

	     2   S. Narumalani
	$ 0
	
	

	     3   S.E. Reichenbach
	$ 0
	
	

	     4  H. Vakilzadian
	$ 0
	
	

	     5   M.P. Peterson
	$ 0
	
	

	     6.  (  ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
	
	
	

	     7.  (5) TOTAL SENIOR PERSONNEL (1‑6)
	$ 0
	
	

	B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
	
	
	

	     1.  (1) POST DOCTORAL ASSOCIATES
	$   44,000
	
	

	     2.  (  ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
	
	
	

	     3.  (8) GRADUATE STUDENTS
	$ 134,400
	
	

	     4.  (  ) UNDERGRADUATE STUDENTS
	
	
	

	     5.  (1) SECRETARIAL ‑ CLERICAL (IF CHARGED DIRECTLY)
	$     5,210
	
	

	     6.  (  ) OTHER
	
	
	

	       TOTAL SALARIES AND WAGES (A+B)
	$ 183,610
	
	

	C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) : 23% of above PLUS $410 per student
	$   45,510
	
	

	       TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C)
	$ 229,120
	
	

	D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT.)
	_______________


	
	

	     1. _Image Data_______________________________________________    $ 3,000_____________
	
	
	

	     2. _________________________________________________________     $__________________
	
	
	

	     3. ________________________________________________________      $__________________
	
	
	

	     4. ________________________________________________________      $__________________
	
	
	

	     5. ________________________________________________________      $__________________
	
	
	

	      TOTAL EQUIPMENT
	$     3,000
	
	

	E.  TRAVEL  1.  DOMESTIC (INCLUDE CANADA, MEXICO, AND U.S. POSSESSIONS)
	$     6,000
	
	

	                       2.  FOREIGN
	$     2,000
	
	

	
	
	
	

	F.  PARTICIPANT SUPPORT COSTS
	
	
	

	     1.  STIPENDS                    $__________________________
	
	
	

	     2.  TRAVEL                         __________________________
	
	
	

	     3.  SUBSISTENCE               __________________________
	
	
	

	     4.  OTHER                           __________________________
	
	
	

	
	
	
	

	      (   ) TOTAL PARTICIPANT COSTS
	
	
	

	G.  OTHER COSTS
	
	
	

	     1.  MATERIALS AND SUPPLIES
	$     3,000
	
	

	     2.  PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
	$     5,000
	
	

	     3.  CONSULTANT SERVICES
	
	
	

	     4.  COMPUTER SERVICES
	
	
	

	     5.  SUBAWARDS
	
	
	

	     6.  OTHER
	
	
	

	      TOTAL OTHER COSTS (1 THROUGH 6)
	$     8,000
	
	

	H.  TOTAL COSTS (A THROUGH G)
	$ 248,120
	
	


Year 5

NRI

PROPOSAL BUDGET

	TTTLE OF PROPOSAL: Information Visualization and Mining in Remote Sensing and GIS Images
	
	
	

	
	
	
	

	A.  SENIOR PERSONNEL:  PI/PD, Co‑PI's, Faculty and Other Senior Associates
	Funds
	
	Total

	       (List each separately with title, A.7. show number in brackets)
	Requested
	Matching
	Project

	
	From NRI
	Funds
	Cost

	     1   R.M. Narayanan
	$ 0
	$
	$

	     2   S. Narumalani
	$ 0
	
	

	     3   S.E. Reichenbach
	$ 0
	
	

	     4  H. Vakilzadian
	$ 0
	
	

	     5   M.P. Peterson
	$ 0
	
	

	     6.  (  ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
	
	
	

	     7.  (5) TOTAL SENIOR PERSONNEL (1‑6)
	$ 0
	
	

	B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
	
	
	

	     1.  (1) POST DOCTORAL ASSOCIATES
	$   46,000
	
	

	     2.  (  ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
	
	
	

	     3.  (8) GRADUATE STUDENTS
	$ 139,200
	
	

	     4.  (  ) UNDERGRADUATE STUDENTS
	
	
	

	     5.  (1) SECRETARIAL ‑ CLERICAL (IF CHARGED DIRECTLY)
	$     5,470
	
	

	     6.  (  ) OTHER
	
	
	

	       TOTAL SALARIES AND WAGES (A+B)
	$ 190,670
	
	

	C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) : 23% of above PLUS $410 per student
	$   47,135
	
	

	       TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C)
	$ 237,805
	
	

	D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT.)
	_______________


	
	

	     1. _Image Data_______________________________________________    $ 3,000____________
	
	
	

	     2. ________________________________________________________      $ _________________
	
	
	

	     3. ________________________________________________________      $__________________
	
	
	

	     4. ________________________________________________________      $__________________
	
	
	

	     5. ________________________________________________________      $__________________
	
	
	

	      TOTAL EQUIPMENT
	$     3,000
	
	

	E.  TRAVEL  1.  DOMESTIC (INCLUDE CANADA, MEXICO, AND U.S. POSSESSIONS)
	$     6,000
	
	

	                       2.  FOREIGN
	$     2,000
	
	

	
	
	
	

	F.  PARTICIPANT SUPPORT COSTS
	
	
	

	     1.  STIPENDS                    $__________________________
	
	
	

	     2.  TRAVEL                         __________________________
	
	
	

	     3.  SUBSISTENCE               __________________________
	
	
	

	     4.  OTHER                           __________________________
	
	
	

	
	
	
	

	      (   ) TOTAL PARTICIPANT COSTS
	
	
	

	G.  OTHER COSTS
	
	
	

	     1.  MATERIALS AND SUPPLIES
	$     3,000
	
	

	     2.  PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
	$     5,000
	
	

	     3.  CONSULTANT SERVICES
	
	
	

	     4.  COMPUTER SERVICES
	
	
	

	     5.  SUBAWARDS
	
	
	

	     6.  OTHER
	
	
	

	      TOTAL OTHER COSTS (1 THROUGH 6)
	$     8,000
	
	

	H.  TOTAL COSTS (A THROUGH G)
	$ 256,805
	
	


Cumulative (Year 1-5)

NRI

PROPOSAL BUDGET

	TTTLE OF PROPOSAL: Information Visualization and Mining in Remote Sensing and GIS Images
	
	
	

	
	
	
	

	A.  SENIOR PERSONNEL:  PI/PD, Co‑PI's, Faculty and Other Senior Associates
	Funds
	
	Total

	       (List each separately with title, A.7. show number in brackets)
	Requested
	Matching
	Project

	
	From NRI
	Funds
	Cost

	     1   R.M. Narayanan
	$ 0
	$
	$

	     2   S. Narumalani
	$ 0
	
	

	     3   S.E. Reichenbach
	$ 0
	
	

	     4  H. Vakilzadian
	$ 0
	
	

	     5   M.P. Peterson
	$ 0
	
	

	     6.  (  ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
	
	
	

	     7.  (5) TOTAL SENIOR PERSONNEL (1‑6)
	$ 0
	
	

	B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
	
	
	

	     1.  (1) POST DOCTORAL ASSOCIATES
	$    210,000
	
	

	     2.  (  ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
	
	
	

	     3.  (8) GRADUATE STUDENTS
	$   648,000
	
	

	     4.  (  ) UNDERGRADUATE STUDENTS
	
	
	

	     5.  (1) SECRETARIAL ‑ CLERICAL (IF CHARGED DIRECTLY)
	$     24,865
	
	

	     6.  (  ) OTHER
	
	
	

	       TOTAL SALARIES AND WAGES (A+B)
	$   862,865
	
	

	C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) : 23% of above PLUS $410 per student per year
	$   219,460
	
	

	       TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C)
	$ 1,102,325
	
	

	D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT.)
	_______________


	
	

	     1. _Personal Computers (8)_____________________________________      $ 20,000____________
	
	
	

	     2. _Workstations (2) __________________________________________      $ 20,000____________
	
	
	

	     3. _Image Data_______________________________________________      $ 18,000___________
	
	
	

	     4. ________________________________________________________      $__________________
	
	
	

	     5. ________________________________________________________      $__________________
	
	
	

	      TOTAL EQUIPMENT
	$      58,000
	
	

	E.  TRAVEL  1.  DOMESTIC (INCLUDE CANADA, MEXICO, AND U.S. POSSESSIONS)
	$      30,000
	
	

	                       2.  FOREIGN
	$      10,000
	
	

	
	
	
	

	F.  PARTICIPANT SUPPORT COSTS
	
	
	

	     1.  STIPENDS                    $__________________________
	
	
	

	     2.  TRAVEL                         __________________________
	
	
	

	     3.  SUBSISTENCE               __________________________
	
	
	

	     4.  OTHER                           __________________________
	
	
	

	
	
	
	

	      (   ) TOTAL PARTICIPANT COSTS
	
	
	

	G.  OTHER COSTS
	
	
	

	     1.  MATERIALS AND SUPPLIES
	$      15,000
	
	

	     2.  PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
	$      25,000
	
	

	     3.  CONSULTANT SERVICES
	
	
	

	     4.  COMPUTER SERVICES
	
	
	

	     5.  SUBAWARDS
	
	
	

	     6.  OTHER
	
	
	

	      TOTAL OTHER COSTS (1 THROUGH 6)
	$      40,000
	
	

	H.  TOTAL COSTS (A THROUGH G)
	$ 1,240,325
	
	


Budget Explanation Page

Personnel:

No salary support is sought for the principal investigators on the project. Support is requested for the following personnel: One post-doctoral researcher and eight (8) graduate students. The post-doctoral researcher will be paid $38,000 during the first year, with $2,000 salary increments each year subject to satisfactory progress. The graduate students will be paid a research assistantship in the amount of $1,250 per month each during the first year, with $50 per month raise each year, again subject to satisfactory progress. Modest administrative support is sought to manage the project finances, write periodic reports, and prepare publications. This amount is $4,500 (approximately 20% FTE) during the first year, with 5% annual increments. 

Fringe Benefits:

Fringe benefits are based upon the standard rate of 23% for all personnel, and an additional $410 per graduate student per year towards health benefits.

Equipment and Other Purchases:

During the first year, we plan to purchase eight (8) personal computers (PCs), one for each graduate student; and two (2) workstations, one for the post-doctoral associate and one shared by the graduate students. During the subsequent years, we plan to purchase satellite image data for study and analysis (@$2,000 per image).
Travel:

Annual domestic travel is based upon partial support for six individuals to domestic conferences to present research results, such as the International Geoscience and Remote Sensing Symposia (IGARSS), and the American Society for Photogrammetry and Remote Sensing Annual Meetings. We estimate this to cost $1,000 per individual. In addition, we plan one foreign trip by one individual to an international meeting or conference to present research results @$2,000 per trip.

Materials and Supplies:

Based upon our prior experience and the number of individuals involved in the project, we estimate materials and supplies costs to be about $3,000 per year. This includes computer supplies.

Publication Costs:

We estimate publication costs to be $5,000 per year based upon 50 journal pages in peer-reviewed archival journals @$100 per page.
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