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New Data Library, Tiling Schema, and File Naming Convention

Plibrary3: A New Data Library

Driven by large growth in the county’s raster and grid datasets (aerial imagery, digital ground models, etc.), and the ongoing migration of GIS data from the Unix to Windows platform, a new GIS data library, Plibrary3, has been added to the KCGIS Spatial Data Warehouse, which currently includes the data libraries Plibrary and Plibrary2. Plibrary3 will host all of King County’s base imagery and gridded spatial data, and some derivative vector products, such as landcover polygons.

Plibrary and Plibrary2, will continue to host the great majority of KCGIS vector data (for coverages and shapefiles, respectively). The legacy grid data that is currently in Plibrary (such as landcover, elevation, and impervious surfaces), and the image data that is in Plibrary2, will be migrated to Plibrary3 and re-tiled (see A New Tiling Schema below). Henceforth, new imagery and grid data will be loaded directly into Plibrary3.

Users should continue to access legacy data in Plibrary and Plibrary2 during the migration process and until specifically notified of the availability of the same dataset(s) in Plibrary3. A sunset date for removal of the various Plibrary and Plibrary2 directories that contain only migrated data will be determined once the full migration process has been completed and all users have been notified.

Plibrary3: A New Tiling Schema

Purpose and Overview

Due to the nature of large raster and grid datasets, efficient tiling of the data is a critical factor in designing the structure of Plibrary3. The goal is to provide raster and grid data in the most suitable tile chunk and file format to meet any given user’s particular business needs, which vary widely across the KCGIS enterprise.

Currently, image and grid data maintained by King County is stored in a variety of file formats and represent several different tiling schemas. To accommodate variations in technology and in user needs, while providing users with consistent, standardized access to all raster and grid datasets, a new, four-tier tiling schema has been designed for Plibrary3 data. This schema will be used to re-tile all legacy image and grid data, and it will be applied to all new image and grid data acquisitions in order to maximize storage and access efficiencies for all formats.

The new tiling schema forms the basis for the structure of Plibrary3. Unlike Plibrary and Plibrary2, in which data is maintained according to file format and data theme, Plibrary3 will provide data in multiple data formats in a first-order geographic structure (geographically tiled data at four levels—tiers—of scale/extent/resolution) and a second-order “data set group” structure (organized by data theme and data type). By integrating all raster and grid data in a vertical geographic model (scale/extent), the new tiling schema will provide users with access to multiple key base data sets and multiple file formats according to their geographic area of interest. This should maximize data usability and accessibility across the broad range of KCGIS users and software.

Some key points about the new tiling schema:

· The business needs and application requirements of a given user will guide which tiling level (i.e., which of the four tiers) the user will access for a given data set. Where appropriate, a particular data set / data type, e.g., Emerge orthophotography, will be provided at more than one level of resolution to meet a broad range of user requirements and areas of interest, and to support data that is available in more than one storage format, e.g., compressed mosaic vs. individual GeoTIFF image tile.

· To provide maximum flexibility for users, while avoiding unnecessary data storage redundancy, not all data are represented at every tier. Most users will find that they should move up-tier (smaller scale/lower resolution) rather than down to find data to meet their needs.

· Although the tiling schema may seem complex at first use because of the multiple tiers and data types, most desktop GIS users will find that the data from one tier, the township-range level (idxptrmbr; see below), where almost all datasets will be represented, will satisfy their needs.

The Four-Tier Foundation

The four tiers of the tiling schema are the basis to how Plibrary3 is organized. Each of the four primary tier directories is named for a spatial index which defines the tile organization at that level. Spatial indexes and directory names all start with “idxp” reflecting that each index (‘idx’) is defined by a series of polygon (‘p’) boundaries.

· idxp7500—This is the bottom tier, ‘building block’ level for all high-resolution image and grid datasets. It is based on a row-column grid that covers all of King County and southwestern Snohomish County. The grid cells are 7500 feet per side. The idxp7500 tier is intended primarily for data storage, not project use. If a user were to access data at this level, the purpose would probably be detailed analysis of a very small area or engineering-type mapping. 

· idxptrmbr—This tier is expected to be the primary user access point. Data is assembled at the township-range (‘tr’) level using a “minimal bounding rectangle” (‘mbr’) to define data extents with straight-line sides (as opposed to the often irregular township-range boundary lines).

· idxpzone—At this level data is organized into geographic zones, each of which encompass about twenty township-range (idxptrmbr) tiles. This level will be most useful for large-area analyses, such as a watershed-based analysis, and for many of the county’s cartographic applications.
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KeyRegion—This uppermost tier contains the maximum tile size (geographic area) for any given dataset. Tiles correspond to, and will vary in extent depending on, the areas of interest defined for the various data development projects that produce the data sets.
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The various tiling indexes and related reference data are stored in a Plibrary3 directory named “references.” Within the “references” directory, indexes are stored in a subdirectory named “indexes” and image catalogs will be stored in a subdirectory named “catalog.”

At the first- and second-tier tiling levels (idxp7500 and idxptrmbr, respectively), the sheer number of tiles makes subdirectories necessary for managing and accessing the tiles effectively. The tiles within a given tier are distributed among tier subdirectories according to “data set groups,” such as orthophotography, digital ground models, etc. The first portion of the name of each data set group folder represents the type of data in the group, for example, “ortho_” for orthophotography and “dgm” for digital ground model. The second part of the folder name more specifically identifies or describes a dataset within a group. For example, there are several orthophotography folders, such as “ortho_2000emerge” and “ortho_nies1996,” and several digital elevation model folders, such as “dgm_tin,” “dgm_hillshade” and “dgm_elevation.”

At the third-tier tiling level (idxpzone), data set groups are not used. All data is stored solely by geographic zone. The four zones are Northwest, Northeast, Southwest, and Southeast. This makes it easy to access data from multiple data sets for a given geographic area of interest while limiting the overall number of files so that searches do not become complex or time-consuming. 

At the top (fourth) tier, called KeyRegion, there are no subdirectories. All data for a given theme at this level is stored as a single area of interest tile. For example, the 1996 NIES orthophotography is stored as a single, highly compressed (lossy) mosaic, and elevation data is provided as a reduced resolution, single-piece grid.

See the Plibrary3 organization chart:
http://metrokc.gov/gis/documents/datalibrary0703/KB_UnixDirectoryStructurePlibrary3.htm.

The Tiers In Detail

idxp7500—Primary Storage/Building-Block Level
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The tiling schema for idxp7500 is a grid of cells that covers all of King County and a surrounding buffer. The real-world dimensions of each grid cell are 7500 feet in both easting and northing, hence the tier name. Each cell is labeled with a unique column-row identifier. Each column is represented by two letters, each row by two digits, a system which provides enough row and column IDs to cover the geographic extent of existing and possible future data sets. Each cell ID is simply the cell’s column ID concatenated with its row ID, for example, aa09, bb11, etc.

An idxp7500 data set can comprise many hundreds of tiles, over 1800 for the lidar elevation data, for example. However, most users will rarely need to access data at this level. In fact, due to physical storage limitations not all data at this level will be stored online. Beyond serving as the basic building block for all subsequent tiling levels, data at this level will be useful for applications that require, for example, full-resolution imagery, or lidar elevation data as mass point files or in TIN format.

Within the idxp7500 directory, data is stored in subdirectories according to data set groups. Folder names take the form “data-group_data-type.” For example, the folder “dgm_tin” would contain digital ground model (DGM) TINS. Generally, data stored at this level does not overlap adjacent tiles, as the tiles themselves are butt-joined. An exception is the digital ground model TIN data, where each cell is extended with a 100-foot buffer to minimize edge effects when mosaicking with adjacent tiles.

idxp7500 metadata:
http://metrokc.gov/gis/documents/datalibrary0703/Idxp7500_Tile_Index.html
http://metrokc.gov/gis/documents/datalibrary0703/Idxp7500_Tile_Index.faq.html
idxptrmbr—Primary User-Access Level

The name given to this tier indicates first that the tiling is based on Public Land Survey System (PLSS) townships, hence “tr” for township-range. The balance of the name refers to a series of bounding boxes that minimally encompass all of the sections within a township, hence “mbr” for “minimal bounding rectangle” (MBR). The application of MBRs over the townships, which can be irregular in shape, is necessary to ensure orthogonal tiles with straight edges. Because of irregularities in township boundaries, idxptrmbr tiles overlap, with the overlap varying depending on the geometry of the particular underlying townships.
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The idxptrmbr tiling method offers several advantages, starting with the fact that PLSS is a familiar framework for most GIS data users. Also, the rectilinear MBR boundaries create orthogonal overlaps between tiles, which ensures that void data areas in one township do not block good data on an adjacent tile.

The naming convention used for idxptrmbr tiles is very straight-forward. It is simply a concatenation of the township and range numbers, such as t24r04, t24r11, etc. (Meridian-relative identifiers—N for townships, E for ranges—are not required to create unique tile names.) To enhance the integrity of digital data at this level, all tiles created will always maintain the same x-y boundaries regardless of how much ‘real’ data exists for that tile (void data areas will be filled with ‘blank’ data). This means that updates to raster tiles, much like updates to vector data, can be made on a predefined cell base without any changes to the outer limits of the data.

As in idxp7500, data in the idxptrmbr directory is stored in subdirectories according to data set group. Folder names take the form “data group_data type,” and the subdirectories parallel, where appropriate, the subdirectories in the idxp7500 tier. Additional subdirectories are created as necessary for data groups and types that are not represented in the idxp7500 directory.

idxptrmbr metadata:
http://metrokc.gov/gis/documents/datalibrary0703/Idxptrmbr_Tile_Index.html
http://metrokc.gov/gis/documents/datalibrary0703/Idxptrmbr_Tile_Index.faq.html
idxpzone—User-Access Level for Large-Area Projects
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The basis of this tier is a set of four zones that are aggregates of idxp7500 tiles. Together the four zones encompass all of King County and a buffer area of adjacent counties. There is a two-cell (14,000-foot) overlap among the zones.

Zone boundaries align with idxp7500 tile edges, which are two tiers down, rather than the idxptrmbr boundaries just one tier down, because aggregated groups of MBRs would have resulted in irregular zone tile edges. There is, however, a strong correspondence between zone extents and township boundaries.

Regular users of KCGIS image data will find that the tiles in this tier are roughly analogous in data resolution and geographic scope to the existing MrSID mosaics in Plibrary2. The zone concept makes it possible to present all image and grid data in a consistent geographic manner regardless of data theme and type, and unlike the two lower tiers, data in idxpzone is grouped only by geography. The four zones, and their corresponding subdirectory folder names are simply:

· Northwest

· Northeast

· Southwest

· Southeast

Depending on the area of interest (AOI) a user can access any base theme, identified by name, for their geographic zone of interest by searching in only one directory. As an aggregate of the lower levels, idxpzone data is dependent on the completion of data builds for the lower levels. Thus, data for this tier will be added incrementally following data population of lower-level tiles.

An example of an idxpzone image tile can be found in the Southwest directory of Plibrary3: \\gisdw\kclib\plibrary3\idxpzone\southwest\  . The tile is illustrated by this graphic: http://metrokc.gov/gis/documents/datalibrary0703/1998WADNR-Zone-Tile.jpg. Notice that as additional data is added to a zone directory, themes will be commingled, identified by their unique name code.

idxpzone metadata:
http://metrokc.gov/gis/documents/datalibrary0703/Idxpzone_Tile_Index.html
http://metrokc.gov/gis/documents/datalibrary0703/Idxpzone_Tile_Index.faq.html
KeyRegion—User-Access Level for Countywide/Regional Projects

[image: image9.emf]KeyRegion is the top-tier storage level, but it is not truly an index level because each data set is stored as a single file rather than as multiple tiles (hence the name of the tier lacks the “idxp” designation). Greater flexibility in file naming and geographic extent is allowed in KeyRegion than in the other tiers so that each dataset can be provided in a single piece for the entire county (or as much of the county as a data set covers) at a suitable, manageable resolution. The bounding extents of the various data sets vary according to the area of interest for which the data was acquired or created. An polygon file showing the extent of each KeyRegion dataset will be added to the references directory once it is compiled.

Most of the data that is represented at the idxptrmbr level will also exist in a lower-resolution KeyRegion version that is suitable for projects that cover large areas. However, KeyRegion will also contain datasets that do not have lower-tier versions. For example, it is not logical to subdivide a Landsat satellite image into idxptrmbr tiles since data of this nature is best applied and analyzed at the regional level. On the other hand, it might make sense to tile shapefiles of Landsat-derived landcover polygons depending on resolution and file size.

Since KeyRegion is a storage-oriented tier, not an index (i.e., tiled) level there is no spatial index and thus no index metadata.

Tier/Tiling Summary

The four-tier tiling schema is a strongly integrated vertical data environment. It allows users consistent, geography-based access to image and grid datasets regardless of data category and type. Furthermore, for any given data category and type, users can readily access several different versions of the data (from the various tiers) in order to pick one that is appropriate in scale, resolution, geographic extent, and file size to satisfy their project requirements. Finally, this is a adaptable schema in that future data acquisitions can be designed to fit into one or more of the tiers; no additional tiling schemas will have to be developed.
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The Four Plibrary3 Tiers Superimposed

Plibrary3 File Naming Convention

Overview

Data in Plibrary3 is provided in a variety of raster and grid formats to meet the broad range of business needs within the county, and to provide flexibility for the users of the various GIS and CAD software packages that are employed throughout the enterprise. Plibrary3 also contains some derivative vector products, such as contours generated from the digital ground model elevation data, and point-density polygons derived from the lidar ground sample distribution. Closely tied to the Plibrary3 data structure and the image/grid tiling schema is a new naming convention which has been created for Plibrary3 data files.

Plibrary3 Image/Grid File Formats

· ASCII text

· TIN (Triangulated Irregular Network)

· ArcInfo Grid

· TIFF

· IMG

· JP21 


Plibrary3 Vector File Formats

· Shapefile

· DWG (AutoCad Drawing)

The new naming convention is closely correlated with the tiling schema and the various tier-based subdirectories. The naming convention, in conjunction with the data structure and tiling schema, offers the following advantages:

· For a given data set in a given file format only the geographic component (the tile identifier) of the name differs. The data set descriptor remains consistent across the tiers.

· In the upper two tiers, idxpzone and KeyRegion, files of different data types and formats are commingled, which eliminates the need to switch between multiple directories for data access. Despite the commingling, the naming convention keeps the files distinct and consistently identifiable. Under this system a user could, for example, add a bare-earth hillshade and overlay it with contours and two different sets of orthophotography all from the same folder.

· With few exceptions the convention adheres to a naming pattern in which the character position is consistent and indicative of the nature of the data.

· Coding for image data provides on-sight recognition of the resolution of the data and its spectral display (e.g., natural color vs. panchromatic vs. multispectral). 

· Resolution descriptors immediately indicate whether a dataset is a raster (i.e., image or grid) set or a derived vector set, and thus how appropriate the data is for a particular GIS application.

· Names, regardless of whether what is named is a single file (e.g., a TIFF image file) or a directory (e.g., an ArcInfo grid), are always lowercase, and all numeric values (up to three digits) are padded with zeros (0). 

Naming Convention Components

Each file name in Plibrary3 is composed of a series of alphanumeric and delimiter characters that in total are designed to be highly descriptive of the tile geography and data characteristics. There are four parts to each name, each of which is described fully following the list below.

1. Tile Identifier

2. Data Set Code

3. Supplemental Resolution Descriptor

4. File Format Extension
1. Tile Identifier

The Tile Identifier is the portion of the name that specifies a particular tile, and is thus geographically based. Tile Identifier forms vary depending on tiling tier. Each Tile Identifier is followed by an underscore delimiter which serves to separate it from the Data Set Code portion of the file name.

· idxp7500
Tile Identifiers are four-character, concatenated, row-column, idxp7500 cell IDs. For example, a file whose name starts with “ak27” contains data for the idxp7500 cell at the intersection of row “ak” and column “27.”

· idxptrmbr
Tile Identifiers are six-character, concatenated township-range IDs. Township numbers are preceded by the letter “t.” Range numbers are preceded by the letter “r.” For example, a data file that represents Township 22, Range 12 would begin with “t22r12.”

· idxpzone
There are only four, three-character Tile Identifiers for this tier. Each begins with the letter “z” for zone.

· znw = Northwest zone

· zne = Northeast zone

· zsw = Southwest zone

· zse = Southeast zone

· KeyRegion
As there are no tiles at this level, each KeyRegion data file begins simply with “reg.”
2. Data Set Code

Non-Image Data

Following the Tile Identifier and underscore delimiter in each file name is a three-character code that describes the type of data the file represents. Some of the codes that are in use for non-image data during the initial population of Plibrary3 are:

· imp = impervious surface landcover

· ctr  = isoline elevation contours

· den = lidar bare-earth (digital ground model) point density

· dgm = digital ground model (bare-earth) elevation

· dsm = digital surface model (top-of-surface, also known as full-feature elevation)

· dlm = digital last model (last return lidar points)

· fri = first return lidar intensity

· lri = last return lidar intensity

· ghs = digital ground model hillshade

· shs = digital surface model hillshade

· gti = digital ground model tin

· sti = digital surface model tin

Some codes are unique to the idxpzone and KeyRegion levels. Examples are: 

· lndc = landcover classification

· lndu = land use classification

· demned = digital elevation model, USGS National Elevation Dataset

· nedghs = National Elevation Dataset, ground hillshade

For a full matrix of all codes see the spreadsheet, “King County Plibrary3 - Image and Raster File Naming and Data Directory Convention” (http://metrokc.gov/gis/documents/datalibrary0703/NamingConventionDataSetCodes.xls).

Image Data

The Data Set Codes for image data are designed to communicate even more information, specifically, the year of image acquisition in addition to the type of image.

· The first two characters of each three-character image Data Set Code is a pair of numerals that represent the year the image data was acquired. Usually, only image data sets will have such a pair of numerals in this portion of the file name, which thus distinguishes image files at a glance from other types of raster and grid data.2
· The third character is a letter that identifies of the image type (spectrum) thusly:

· c =  color infrared imagery

· m = multispectral and hyperspectral imagery

· n = natural color imagery

· p = panchromatic (b&w) imagery

· r = pan-sharpened imagery (merged lower resolution color imagery and higher resolution panchromatic imagery from the same acquisition)

· s = satellite imagery/orthoimagery (Landsat, SPOT, Ikonos, etc.)

· An example of an image Data Set Code is “96n” which would represent NIES natural color aerial imagery from 1996. Note, however, that this code represents a data type, not necessarily a specific data set (the “n” stands for “natural color” not “NIES”).

3. Supplemental Resolution Descriptor

Where appropriate each Data Set Code is immediately followed by (there is no separating delimiter) three numerals that represent the resolution of the data. This gives the user an approximation of the resolving power or ground sample distance (GSD), for example, of the data, without having to look up the metadata. However, the Supplemental Resolution Descriptor is not meant as a substitute for the full descriptive information that is to be found in metadata in the KCGIS Spatial Data Catalog.

The specific meaning of the Supplemental Resolution Descriptor depends on the type of data represented.

· Orthophoto images

Orthophoto imagery often has pixel resolution (ground sample distances) in the sub-foot range. To accommodate this, the Supplemental Resolution Descriptor for orthophoto image data represents hundredths of a foot.

Examples:

· 1-foot pixel resolution: 100
· 0.5-meter pixel resolution: 164 (0.5m ≈ 1.64ft)

· 0.5-foot pixel resolution: 050
· 6-foot pixel resolution: 600
· Other raster/cell-based data

Non-photo data, such as elevation grids, hillshade images, and landcover grids, for which cell size is dependent on a posting or sampling interval chosen during data processing, resolutions are typically in the multiple-foot range. For example, the standard product for the new lidar digital elevation data is a six-foot posted grid; and USGS National Elevation Dataset (NED) tiles have a cell size of 26 meters. For these types of data, the Supplemental Resolution Descriptor represents integer feet.

Examples (from the paragraph above): 

· 6-foot lidar digital elevation data: 006
· 26-meter NED: 086 (26 meters converted to the nearest State Plane integer foot which is 86)

· Derived contours

For contours derived from gridded elevation data, the three-digit Supplemental Resolution Descriptor represents the contour interval, not the resolution of the parent data. The descriptor represents integer feet. For example a file of contours spaced five feet apart would have a descriptor of 005.

4. File extension

The fourth and final part of the naming convention is a standard, three-character software/operating system file extension which indicates file type, such as tif for Tagged Image File Format (TIFF), jp2 for JPEG2000,3 shp for shapefile, etc.

ArcInfo grids are directories and thus grid data set names do not have extensions.

The native file format for lidar elevation data is ASCII text. Such files have the extension asc rather than txt.

All file extensions are preceded by a period as delimiter, which serves to separate the extension from the other three portions of the file name.

Naming Convention Spreadsheet

For a summary of the Plibrary3 tiling schema and file naming convention, see the spreadsheet “King County Plibrary3 - Image and Raster File Naming and Data Directory Convention” (\\dwgis1\KCGISWEB\badinov\documents\datalibrary0703\WebSetLinks\NamingConventionDataSetCodes.xls).

Naming Convention Examples

A DAIS image tile: t22r02_00c164.jp2

[image: image2.emf]
A hillshade image derived from lidar elevation data: zsw_ghs030.tif

[image: image3.emf]






























	


1 See the document, � HYPERLINK "\\\\Dwgis1\\KCGISWEB\\badinov\\documents\\datalibrary0703\\WebSetDocs\\PlibChgJP2.doc" ��“JPEG200 Image Compression Format”�
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smaller scale / lower resolution / larger tile area / fewer tiles / fewer subdirectories


Tier 4: KeyRegion


Tier 3: idxpzone


Tier 2: idxptrmbr


Tier 1: idxp7500


larger scale / higher resolution / smaller tile area / more tiles / more subdirectories


Plibrary3 Four-Tier Tiling Schema











2 An exception is made for landcover/land use data themes. A two-digit year identifier is included to indicate the year the interpretation was performed. Data of this type usually occurs only at the idxpzone and KeyRegion levels.


3 See the document, � HYPERLINK "\\\\Dwgis1\\KCGISWEB\\badinov\\documents\\datalibrary0703\\WebSetDocs\\PlibChgJP2.doc" ��“JPEG200 Image Compression Format”�
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