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Abstract: 
 
In the current era of using web technologies for sharing information, WebGIS is becoming more 

and more mainstream. This paper illustrates how the capabilities of enterprise Geographic 

Information Systems (GIS) are exploited in order to reach a broad spectrum of employees 

through a high performance web mapping application with functionalities like intercity and intra-

city routing and search engine. ESRI’s ArcGIS server technology framework and techniques such 

as server map cache, Network analyst extension and Maplex labeling engine were utilized for 

building the application. Server map cache stores pre-rendered map tiles in the form of images 

at predefined scales on the server. These tiles are returned to the browser whenever a request is 

sent to it. Building a map cache involves number of aspects to be considered such as map 

design, map scales, tile size, image format, DPI etc.  Various difficulties faced while building the 

server map cache are also discussed. Using the ArcGIS framework for application development 

and harnessing map caching technique, an extremely efficient web mapping application is 

delivered to the user. Significantly, the user base has increased more than 10 times in three 

weeks after its launch on corporate WAN. 
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Introduction: 
 
Traditionally, the parts of Geographic Information Systems (GIS) have been discussed in terms of 

data, software, people, and hardware/systems. Initially, GIS required specialized hardware and 

expensive software that only highly trained experts could run. Those requirements are no longer 

constraints. The evolution of www has opened doors to the new ways to share information. Robust 

GI Systems comprising of Enterprise Geodatabase and Server GIS coupled with advanced tools are 

used extensively to reach a broad spectrum of users over the web. This rapidly increasing audience 

can no longer be expected to be GIS savvy. They won't wade through complex interfaces or wait 
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more than 30 seconds for a map to appear. Hence performance of mapping applications over the 

network deserves a lot of attention. 

 

This paper illustrates how the capabilities of enterprise Geographic Information Systems (GIS) can 

be exploited in order to reach a broad spectrum of users through a high performance web mapping 

application with functionalities like inter city and intra city routing and search engine. ESRI’s ArcGIS 

server technology framework and techniques such as server map cache, Network analyst extension, 

Maplex labeling engine etc. have proved a boon to WebGIS. 

 

About the application: City Maps 

A high performance web mapping application portraying maps of Indian cities with navigational and 

Search functionalities has been developed for internal users with robust enterprise Geodatabase and 

Server GIS as the backbone. Salient features of the web application include: 

• Seamlessly navigate between map, image (shaded relief) & hybrid.  

• Intercity and intra-city routing  

• Search functionality enabling user to directly locate his AOI. 

Faster map rendering to user even at peak load on the   server side 

 

 

 

 

 

 

 

 

 

 

 

 FIGURE 1: HOME PAGE WITH NAVIGATION 
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FIGURE 2: HOME PAGE WITH SEARCH FUNCTION 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

FIGURE 3: NAVIGATION WITH 'RESTRICTIONS' 
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Methodology 

Technology 

ESRI’s ArcGIS Server technology framework, Microsoft .Net 2.0 framework and JavaScript was used 

in building the application; right from authoring maps to navigation facility. Powerful techniques 

such as Server Map Cache were used in order to make maps run faster over the web. 

Software 

• ESRI’s ArcGIS Server 9.3 SP1 Distributed Configuration 

• ESRI ArcMap\ArcInfo 9.3 SP1 (Maplex Labeling Engine) 

• ESRI ArcSDE 9.3 SP1 

• Microsoft .Net Environment 2.0 

• Microsoft’s Internet Information Services (IIS) 

Server Map Cache 

Server map cache stores pre-rendered map tiles in the form of images at predefined scales on the 

server. Building a map cache involves number of aspects to be considered such as map design, map 

scales, tile size, image format, DPI etc. Various difficulties faced while building the server map cache 

are also discussed in this section.  The map caching process may be delineated in following steps: 

Designing the map document:  It is important that all the data should be in the same coordinate 

System and projection. Scale dependence of layers at different scales was effectively used so that 

only required layers draw at a particular scale. Symbology used especially for streets was ESRI 

optimized emf’s so as to minimize rendering time. Maplex labeling engine was used for better 

placement of labels. 

Planning the cache: This involves designing of cache parameters. 

1. Cache type: Of the two cache types viz. fused and multilayer; fused cache was chosen. The 

reason for choosing fused cache was minimum number of tiles and high performance over the 

web. 

2. Number of scales: Various map scales at which user would be viewing data were carefully 

chosen. These scales were chosen after studying different number of scales and its usability to 

the user over the web. In all, there were 15 scales from 23 Million to 2500 i.e. from sub 

continent level to street level. 

3. Tile Size: We studied tile sizes ranging from 128 X 128 pixels to 1024 X 1024 pixels.  After 

studying the expected number of tiles, storage requirement and windows memory block size, 

512 X 512 pixels size was chosen.  This size was observed to be best in terms of performance 

over the LAN as optimum number of tiles are downloaded on the client as compared to smaller 

tiles. 
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4. Image Type: Not all browsers support a particular image type for transparency and other 

attributes. After various tests on all image types we chose PNG32 for vector maps and JPEG 

with compression ratio of 75% for raster maps.  PNG32 tiles are best in performance and 

quality and occupy only slightly higher space over JPG. 

5. DPI: This was kept to default i.e.96 as the tiles would be displayed in internet explorer 

environment. 

Creating the cache tiles:  Cache creation was achieved in two phases. In the first phase cache was 

created for the full extent for smaller scales and in the second phase for larger scales city based 

cache was built. This was done using the python script by Jeremy Bartley. This saved a lot of disc 

space by not creating tiles for unwanted areas. 

An important factor in cache generation time is number of server instances used for generation. 

Various experiments done on this part gave us that 2 SOC instance per CPU giver better results i.e. 

faster cache generation at about 75% CPU load approximately. 

Using the cache:  Once tiles are created, these tiles are stored on the server. These tiles are 

returned to the browser whenever a request is sent to it. Hence the client response becomes much 

faster by just returning these pre rendered tiles rather than drawing map every time the user zooms 

or pans the map.  To use this cache more effectively we have used ArcGIS Server’s JavaScript API 

to minimize load on server side. 

Updating the cache 

As and when there is a change in data used in the map, cache is updated using the tools provided in 

Arc Catalog and / or using the python script. 

Route Navigation 

This functionality is provided enabling users to find routes from one point to other point by building 

network dataset for roads all over the country. The results given to users are in the form of route 

graphics, travel time and the distance between the chosen points. 

Search 

In order to zoom/pan directly from one place to other, based on State, city and PIN based search 

functionality is built in the application framework. 

Bottlenecks 

MXD Performance 

During cache generation, map is rendered at given scales and tiles are created. More the time in 

map rendering; more the time in tile creation. Hence it is important that map document is 

lightweight. This includes lightweight Symbology, map projection of data and the map etc. This was 
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tested by Mxd performance test tool: Mxdperfstat. Mxdperfstat is a command line, standalone 

diagnostic tool that identifies and diagnoses Mxd performance problems. The diagnosis is given in 

the form of performance report for each scale and layer in the Mxd. 

 

 

 

 

 

 

 

 

 

 

FIGURE 4: MXD PERFORMANCE STATISTICS REPORT 

Map Cache python script bailing out 

While using python script in building cache for larger scales, our attempts to use multiple SOCs have 

been unsuccessful, with the process bailing out 

• Without any error log on SOM machine several times.  

• Some times with an error "Completed with error. One or more Server contexts failed.” 

• Some times with an error "Mxd cannot be opened" 

To overcome these problems, we used a batch file in which the script path was written many times, 

so that whenever process bailed-out, the script again started automatically at the point where it 

stopped. 

Testing and Deployment 

Before releasing any web application it is of utmost importance to test it in terms of functionality 

and load it can handle. 

Web testing 

Web testing was carried out using Fiddler (a freeware web debugging proxy). Fiddler helps in 

analyzing the number of request sent to the web server and responses received from the web 

server. Unwanted requests were removed from the application after analyzing in Fiddler. 

Load testing 

Load tests were carried out in order to evaluate the scalability of the application by simulating client 

loads.  Fiddler was used to record the script and save the script in Visual Studio Webtest format. The 
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script was recorded with 13 different transactions. Then load tests were carried out in Visual studio 

Team System 2008. 

The load test was performed with 250 concurrent users with a step load of 10 users and with a think 

time of 6 seconds between each transaction. 

The test successfully ran till 200 users, after which it started failing. It was observed and analyzed 

that the web server started utilizing more than half of the memory and the CPU utilization shot up to 

80% to 90%. 

Benefits 

Web GIS is by far one of the easiest and most affordable tools in disseminating GIS data. Because it 

is a relatively inexpensive way of disseminating spatial data and basic GIS functionality, web GIS 

has become widely used by both public and private organizations. A good portion of the basic 

functionality of desktop GIS is now available to users interacting with GIS databases via the World 

Wide Web or an intranet. 

The use of server map cache has boosted the performance of maps over the network tremendously. 

Scalability of the application has also been increased.  The application can support more than 200 

concurrent users. 

Thus, using the robust ArcGIS server framework for application development and harnessing the 

map cache technique, an extremely efficient web mapping application is delivered to the user. 

Way Ahead 

As web application easily reaches the user, the user base continuously expands hence it is necessary 

to increase the scalability and take the usability to the next level i.e. features such as ability to add 

locations and add information on the map in the form of “tags”. Further, this information may be 

validated and put in database so as to increase the information in the maps is possible. 
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