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The ASPRS Digital Imagery Product Guideline Project

Abstract

TBD

Introduction

The American Society for Photogrammetry and Remote Sensing (ASPRS) Primary Data Acquisition Division is developing a Digital Imagery Product Guideline in conjunction with NASA, the U.S. Geological Survey (USGS), the National Imagery and Mapping Agency (NIMA), academia, and industry.  The goal of the guideline is to offer providers and users of digital imagery a set of recommendations analogous to those defined by the ASPRS Aerial Photography 1995 Draft Standard for film-based imagery.

Background

Because of the continued development of aerial and spaceborne sensors, digital storage, and soft-copy photogrammetry, applications have moved rapidly toward totally digital imaging solutions.  Although the Aerial Photography Draft Standard provides a common basis for film-based requirements definition, it is insufficient when considering digitally acquired imagery.  The proposed Digital Imagery Product Guideline describes various imagery parameters and is designed to enable users to quickly define imagery requirements.  The guideline does not state how a task must be performed—this is to be determined by the customer, service provider, and systems manufacturers—but it can serve as a common interface between client and provider.  

Digital Imagery Product Guideline

The Digital Imagery Product Guideline focuses primarily on the data and derived products—rather than the type of sensor used in the acquisition.  Although there is a wide variety of digital remote sensing systems, the guideline addresses products from systems operating in the passive reflective domain (400 to 2500 nm) using solar illumination.  Two main types of systems are addressed: panchromatic and multispectral.  Panchromatic systems have a single, relatively broad band usually covering the entire detector response.  In the case of a silicon-based detector system, this band can cover the visible through near infrared (400 to 900 nm) region.  Of the many varieties of panchromatic imagery systems, some might typically be designed to cover only the visible spectral region (400 to 700 nm).  Many of the multispectral systems flying today have 3 to 4 bands in the reflective spectral domain.  The digital imagery from these types of systems offers a broader range of products not possible from traditional film, and naturally facilitates the development of new methods and applications.  

The guideline is thus a pathfinder, which is likely to evolve significantly as the technology and the applications evolve over the next few years.

Imagery Request Form

The “user interface” for the Digital Imagery Product Guide is the Imagery Request, a web form used to solicit information from potential imagery buyers, and includes typical imagery and data acquisition options.  The form was built using Hyper-Text Markup Language (HTML), Active Server Pages (ASP), and JavaScript.


The Imagery Request Form is a simple guideline for factors to consider when ordering digital imagery.  Although it might not address all the requirements of a particular project or application, it can serve as common ground to start a dialog between users and providers.  
The format is a series of questions addressing three general areas, pertaining to intrinsic image parameters, acquisition, and processing/formatting.

Content of these segments of the form are:

· Intrinsic image parameters, which include

· imagery type (pan, true color, CIR)

· quantization

· hard copy scale and GSD

· spatial accuracy

· Acquisition

· temporal, phenology, and illumination constraints

· flight line continuity, reflight options

· collection geometry & flight direction

· Processing and formatting requirements

· Rectification, radiometry, and resampling

· Datums and projections

· Media

Options giving the user the opportunity to specify other requirements not included are embedded throughout the form.

In a compromise between simplicity and thorough physical description, the intrinsic effects of instrument/image parameters such as signal-to-noise ratio, edge response, radiometric accuracy and spectral dimensionality are not specifically addressed in the web-form.  The multidimensional nature of these parameters quickly accelerates the requirements to an impractical level of complexity that most users do not wish to apply.  A quick, visual alternative employs the use of an image gallery to demonstrate effects of resolution and scale on feature recognition.  Where appropriate, choices within the form are also accompanied by example image thumbnails, linked to definitions or concept explanation pages.  

Image Gallery


The Image Gallery consists of a collection of image chips of various features.  It is organized both by linked category, and a linked index (feature list).  When in the scale and GSD sections of the Imagery Request form, the user can link to the Image Gallery, and choose a feature of interest to view at different resolutions.
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Image chips were produced by spatially degrading originally high-resolution images to successively coarser resolutions in order to simulate reaquisition at larger GSD’s.  A pixel block-averaging method was used (in the Application Research Toolbox [ART]), in which 0.3m data was processed to make 0.6, 0.9, 1.2, and 1.5m GSD images.   Figure 1 illustrates this method.

Figure 1.  Resampling method for 0.9m product.  Resultant pixel is the block average of 9 originals.

Seven application-categories of features were chosen to be represented in the Image Gallery:  Agriculture, Environmental, Miscellaneous, Real Estate, Road Infrastructure, Tax Mapping, Urban Planning, and Utilities.

Selecting an application-category brings up a matrix of thumbnail-size features at the five resolutions previously mentioned (Figure 2).  Clicking on the category title produces a larger, extended view of the area, and each chip can also be selected (double-click) to bring up the extended view at resolution, and zoomed-in (to show effects of sampling) (Figure 3).  The Gallery imagery gives a general visual idea of the effect of resolution versus recognition for the feature of interest.  There is presently imagery for 42 features in the gallery (total 820 images including color, pan, and context-zooms.  See Table 1). 

Table 1.  Category and feature list.

	Category
	Feature

	Agricultural
	Orchard
	Row Crops
	Closed Canopy Crops
	Field Drainage Ditch
	Field Drainage Field

	Environmental
	Wetlands
	River/Canal
	Sewage Spill
	Dry Field
	Lakes

	Forestry
	Deciduous Open Canopy Leaf On
	Deciduous Open Canopy Leaf Off
	Deciduous Closed Canopy Leaf On
	Deciduous Closed Canopy Leaf Off
	Coniferous

	Miscellaneous
	Mailbox (rural)
	Walking Trail
	
	
	

	Real Estate
	Sidewalks
	Swimming Pool
	Roof Structure
	Tree Crown
	Mailbox

	Road Infrastructure
	Intersection
	Parking Lot, Cars
	Railroad Tracks
	Traffic Light
	SUV Trail

	Tax Mapping
	Fire Hydrant
	Small Satellite Dish
	Sheds
	Tennis Courts
	Baseball Diamond

	Urban Planning
	Residential Homes, Single Family
	Residential Homes, Multifamily
	Industrial Building
	Commercial Building
	Mixed Urban

	Utilities
	Telephone Poles
	Pipe System
	Power Lines
	Manhole Cover
	Erosion
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Figure 2.  Feature thumbnails (chips), tax mapping page.
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Figure 3. Expanded view, and zoomed-in chip (note scroll bars).

Form Output

At the conclusion of the Imagery Request form, a requirements list is generated from the answers supplied, and image providers can be contacted (emailed) automatically for further discussion.

Validation

To fully exploit digital imagery, data products should be specified and characterized in more dimensions than film systems.  The USGS certification process for film cameras has standardized the aerial photography remote sensing industry.  However the scope of the analog camera model characterization by USGS does not currently consider the additional parameters inherent in digital systems.  ASPRS is exploring the implementation of a NASA, USGS, and NIMA for developing spatial, spectral, radiometric, and geolocation certification methods.  This is well beyond the scope of present USGS certification.  That function could potentially be performed by a commercial, nonprofit, or government agency, and would require augmentation or replacement of long-term policies to be successful.  There is a high-priority need to address this subject, and it will be a topic of discussion at the ASPRS annual meetings.

The instrument certification process requires both laboratory and in-flight characterization.  As part of the NASA Scientific Data Purchase, NASA has characterized digital imagery from multispectral framing and scanner systems.  NASA has initiated the development of prototypical methods for laboratory characterization of multispectral charge-coupled device (CCD) cameras, including measurement of radiometric response, spectral response, edge response, and MTF properties.  Using permanent and deployable targets, NASA has also pioneered methods of in-flight verification of MTF, radiometry, and geolocation accuracy of framing cameras.  These techniques could serve as a starting point for developing the certification methods.  

In addition to certification techniques, there is a strong need for developing a better understanding of the requirements for various applications.  Suggested values in the guide are based on current methods and instruments for image acquisition, and they may need reconsideration as the state-of-the-art changes.  Also, requirements for the science community are not clearly defined, which implies that parametric trades (i.e., between ground sample distance (GSD), signal-to-noise ratio (SNR), and spectral bandpass) and application requirements cannot be generally made.  These issues are being prioritized by ASPRS and NASA and will be subjects for future studies.
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