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Image Storage Architecture 
GIS data resources have expanded rapidly in recent years. These resources are supported 
by a proliferation of new data collection technology, in conjunction with expanding 
initiatives, to promote sharing and the distributed use of geographic information services. 
Requirements for online data resources have grown to capitalize on new Web-based 
geographic mapping services technology, and federal requirements for integrated 
information management and real-time data access are placing growing demands on 
connected storage solutions. 

ESRI has teamed with EMC to evaluate available storage technology alternatives and to 
identify viable storage strategies that address the growing need for online data access. As 
a result of this research, a unique cost-effective storage architecture, Image Storage 
Architecture (ISA), was created to support large volumes of image and historical data in 
an enterprise GIS production environment. 

What Is Image Storage Architecture? 
 
ISA is a family of storage solutions designed around the specific needs of the ESRI user 
community. This family of storage solutions was jointly developed by EMC and ESRI to 
support the growing needs of the GIS community. These packaged, integrated, and tested 
solutions mitigate risk and support turnkey deployment. Turnkey solutions include 
hardware, software, and implementation services. 

The ISA platform environment supports a “buy-as-you-need” deployment strategy, where 
customers pay for only what they need at the time they need it. The modular architecture 
supports future expansion requirements with minimum loss of investment. The ISA can 
contribute to more than a 50-percent reduction in customer storage costs with very little 
reduction in user performance and system reliability. 

Why Is ISA so Important?  
 
Increased storage requirements 

Most geographic database environments in the 1990s needed production database 
environments that required up to 100 GB of storage, supported primarily by vector data 
resources (points, polygons, lines, etc.). Most GIS operations today, however, require 
over a terabyte of storage that supports a mix of vector and image data resources. 

Expanding data resources 

Traditional geographic vector database environments requiring 10 to20 GB of data in the 
1990s have grown to over 100 GB. These production database environments are being 
supported by a proliferation of additional digital image data. Image data resources have 
grown from 100- to 200-GB file-based systems in the 1990s to several terabytes of data 
in current operation storage environments. 
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Online requirements 
Internet-based Web mapping services offer an alternative source for geographic 
information and spatial data resources. Web mapping services provide user access to 
enterprise GIS data resources supporting standard business operations. Enterprise servers 
provide online access to very large image data resources supporting a variety of core 
business operations. 

New business processes 
Corporate business process evolution is demanding online access to historical data 
resources. Reduced dependence on paper information repositories is placing high 
demands on improved data archival and historical digital document integrity. Increasing 
interest in historical geographic research and evaluation of spatial data resources over 
time places increasing interest and business demands on maintaining historical spatial 
vector and image data resources. 

IT evolution 
Infrastructure requirements have grown from supporting departmental GIS operations to 
organizational-, community-, state-, and international-level sharing of GIS data resources. 
Central data repositories are growing in number, along with an exponential growth in 
geographic data storage capacity requirements. 

Increasing storage costs 
The cost of storage is outpacing available operational budgets. Storage capacity 
requirements are rapidly expanding, much faster than what can be offset by the reduction 
in storage disk cost. The cost of storage is becoming the predominant technology 
investment, matching or exceeding the cost of enterprise server platforms and operational 
software technology in supporting most enterprise operations. The operational capacity 
and associated cost for data storage is growing at an alarming rate. 

• CY 2000: $5,000  (50-GB database at $100 per GB) 
• CY 2002: $30,000  (1-TB database at $30 per GB) 
• CY 2003: $250,000  (10-TB database at $25 per GB) 
• CY 2004: $2,000,000  (100-TB database at $20 per GB) 

Complex storage management 

Skyrocketing storage hardware capacity requirements present a growing level of 
complexity in managing these data resources. Optical systems have proven unreliable, 
driving cost of ownership beyond limits. These volumes of data resources cannot be 
effectively retrieved or referenced reliably from tape silos. The decreasing cost of disk 
has made tape and optical storage environments much less desirable and cost effective.  
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GIS Database Technology Overview 
Geographic information products provide a map display of a variety of data resources. 
These data resources include GIS vector data, business attribute data, and a wide range of 
image data. An overview of the types of GIS data resources is provided in Figure 1. 

Figure 1  
GIS Data Resources 

DBMS Index
Tables

DBMS Index
Tables

Business
Tables

Business
Tables

Relationships

Dependencies

Intelligent Geodatabase

Business
Tables

Business
Tables

RelationshipsRelationships

DependenciesDependencies

Intelligent Geodatabase

Add/Delete
Tables

Add/Delete
Tables

Maintenance Database
Version Layers

Add/Delete
Tables

Add/Delete
Tables

Maintenance Database
Version Layers

100s of total layers
10-40 Layers/Map Display

GIS Vector Data
Points, Polygons, Lines
Random Disk Access

10GB – 100GB

100s of total layers
10-40 Layers/Map Display

100s of total layers
10-40 Layers/Map Display

GIS Vector Data
Points, Polygons, Lines
Random Disk Access

10GB – 100GB

Single Layers
ImageRaster Data

Images, Orthophotos, Grid
Sequential Disk Access

100GB – 10TB

Single Layers
Image

Single LayersSingle Layers
ImageRaster Data

Images, Orthophotos, Grid
Sequential Disk Access

100GB – 10TB  
ESRI production database environments are supported by an intelligent object-relational 
data model, which incorporates relationships and dependencies between spatial data 
features stored in the database. This data model establishes a feature-based, object-
relational geodatabase that supports geographic analysis and display functions executed 
by the ESRI ArcGIS desktop applications. This geodatabase environment provides the 
business framework to maintain and support enterprise business applications. The 
geodatabase business data can be presented on top of spatially registered (georeferenced) 
raster data (images) to support a composite map display. 

Geographic raster data can be stored as files or in an ArcSDE database environment. 
Storing images in an ArcSDE database improves query performance and quality 
management of the image resources. 

GIS data resources are maintained within a central ArcSDE database environment. ESRI 
ArcGIS desktop applications and ArcIMS Web Services are supported by network access 
to the ArcSDE server. A typical ArcGIS desktop map display is supported by a range of 
10 to 40 individual vector data layers normally overlaid on top of one raster image layer. 
Similar map displays are generated by ArcIMS Web Services. Each layer display is 
supported by a series of database queries to the ArcSDE server, and supports DBMS disk 
I/O requests to the storage environment. A typical 1-second map display may generate 
over 100 database queries and render over a megabyte of spatial data extracted from the 
ArcSDE database storage environment. These queries place heavy I/O processing 
demands on the disk storage subsystem. The majority of these I/O transactions are 
focused on accessing the production geodatabase (GIS vector and tabular business data). 
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The image data queries are less than 10 percent of the overall query transactions and 
normally are stored sequentially on the disk storage media. 

ISA Technology Overview 
The Image Storage Architecture (ISA) provides an optimum mix of high-performance 
fiber-channel disk storage technology with high-capacity, lower-cost ATA disk storage as 
a standard GIS production storage architecture. Both disk technologies are integrated in a 
high-performance, highly available, fault-tolerant hardware RAID storage environment 
supported by best-of-breed storage management technology. A variety of storage 
strategies are supported with current vendor technology to cover a wide range of 
customer storage capacity needs. 

The ISA takes advantage of dramatic differences between GIS disk performance 
demands for vector and image data resources in supporting standard map display queries 
(see Figure 2). A very large number of vector data queries are required to support a single 
map display, while a relatively small number of image queries support the same map 
display transaction. Vector and tabular data are supported on high-performance/capacity 
fiber-channel disk storage, while image and historical data are supported on higher-
density, lower-cost ATA drive technology. The relatively high-capacity storage 
requirements for GIS image data result in a significant reduction in overall ISA storage 
cost. 

Figure 2  
ISA Disk Access Performance 
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High-performance fiber-channel storage is important to avoid disk contention when a 
very high quantity of disk queries must be supported from the storage volumes. Fiber- 
channel technology provides the highest level of disk access performance and capacity 
available in the storage marketplace. This technology is important to support an ArcSDE 
production database, particularly with peak concurrent client loads in access of 50 clients. 
The total number of disks must be sufficient to avoid I/O performance bottlenecks. Most 
Web mapping services fall below the equivalent load of 50 concurrent desktop clients 
(peak map requests of 75,000 TPH would generate an equivalent load of 50 concurrent 
desktop clients). 
 

The primary ISA production environment is a two-tier architecture (see Figure 3). A tray 
of standard fiber-channel, high-performance/capacity disk drives supports the first tier. 
The second tier is supported by a variable number of trays with standard ATA high-
capacity disk drives. 

Figure 3  
ISA Data Placement Strategy 
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The first storage tray supports the ArcSDE production geodatabase. This includes both 
vector and tabular business tables, and database index and log files. Standard GIS storage 
recommendations should be followed to keep index and log files separate from the vector 
and tabular business tables. A single storage tray can support up to 15 fiber-channel 
disks, with disk volume selections of 32 GB, 73 GB, or 146 GB, depending on customer 
data capacity requirements. The first storage tray supports over 2 TB of disk capacity 
(when using 146-GB drives), providing plenty of capacity to support ESRI customer 
current-period production geodatabase environments. 

The remaining storage trays are used to support ArcSDE image data, historical online 
ArcSDE geodatabase instances, and standard image files. This includes both vector and 
tabular business tables, and database index and log files. Index and log tables for this data 
can be supported on the fiber-channel tray for improved access performance. Currently, a 
single storage tray can support up to 15 ATA disks, each supporting 250 GB of storage 
capacity. The first ATA storage tray supports over 3.7 TB of disk capacity, which is ideal 
for most entry-level image storage environments. ISA disk storage solutions can support 
up to 16 trays in a single rack-mounted storage environment, supporting over 57 TB of 
GIS data resources from a single high-performance disk controller. Several of these 
systems can be supported in an enterprise storage environment to support online storage 
of over a petabyte of online image data resources. 
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ISA Deployment Strategies 
The ISA can be deployed to support a variety of ESRI customer production 
environments. These environments range from entry-level to the largest ESRI customer 
environments. Typical implementation strategies are highlighted in the following sample 
architecture drawings. 

• Entry-Level ISA Departmental/Regional File Server Environment 

Some of the smaller entry-level GIS operations are supported by GIS file data sources. 
These environments are typically department-level GIS operations and have limited IT 
administration resources. This solution does not support an ArcSDE database 
environment. 

Figure 4  
Entry-Level ISA File-Based Departmental/Regional Server Environment 
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The GIS file server is supported by a network attached storage appliance. The first 
storage tray supports the primary GIS vector layers and the second tray supports the 
image data. A single rack-mounted system supports up to 5 TB of total disk storage 
capacity. 
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• Entry-Level ISA ArcSDE Enterprise Environment  

Many of the smaller entry-level GIS operations are supported by ArcSDE geodatabase 
production data and a variety of file data sources. These environments can vary from 
department-level GIS operations to small community or commercial business operations. 
This environment will require a DBMS database administrator and is typically supported 
by a production IT administration team.  

 

Figure 5  
Entry-Level ISA ArcSDE Enterprise Environment  
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A standard ArcSDE server supports the database and file server environment. The first 
storage tray supports the primary ArcSDE production geodatabase and database index 
and log tables. The second tray supports the image and history data sources. A single 
rack-mounted system supports up to 5 TB of total disk storage capacity. 
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• Standard ISA ArcSDE Enterprise Environment  

Most GIS production operations can be supported by this storage environment. This 
environment supports a full ArcSDE production geodatabase and up to 10 TB of image 
data.  

 

Figure 6  
Standard ISA ArcSDE Enterprise Environment 
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A standard ArcSDE server supports the database and file server environment. The first 
storage tray supports the primary ArcSDE production geodatabase and database index 
and log tables. The second tray supports the image and history data sources. A single 
rack-mounted system supports up to 13 TB of total disk storage capacity. 
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• High-Capacity ISA ArcSDE Enterprise Environment 

The largest GIS production operations can be supported by this storage environment, 
which supports a full ArcSDE production geodatabase and up to 50 TB of image data. 
Storage requirements can be expanded (up to 1 petabyte of online data) by integrating 
several of these rack-mounted storage solutions behind a storage area network 
environment. 

Figure 7  
High-Capacity ISA Enterprise Environment 
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A standard ArcSDE server supports the database and file server environment. The first 
storage tray supports the primary ArcSDE production geodatabase and database index 
and log tables. The remaining storage trays support the image and history data sources. A 
single rack-mounted system supports up to 57 TB of total disk storage capacity. 
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ISA General Cost Comparison 
Significant cost savings can be realized from the Image Storage Architecture. A 
comparison of market storage prices for standard high-performance, best-of-breed storage 
solutions is provided in Figure 8. 
 

Figure 8  
Market Storage Price Comparison 

 
 
This pricing comparison shows over $165,000 savings over standard fiber-channel 
storage when using the ISA with 10 TB of data. 

Summary 
The ISA provides a cost-effective design alternative for supporting large volumes of 
image and historical ArcSDE production instances in an enterprise GIS production 
environment. Figure 9 provides an overview of the technology alternatives included in 
the EMC/ESRI Image Storage Architecture design study. 

 

Figure 9  
ISA Design Alternatives Overview 

 
 
 
More Information 
For more information about the ISA solution, please call your ESRI sales representative 
or contact us at sihelp@esri.com. To find out more about EMC products and solutions, 
visit their Website at www.emc.com. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


