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ABSTRACT 
Data indexing and compression procedures have 
enabled several significant advances in the application 
of spatial data. Data coverage, portability, transfer, 
multi-scale representation (pyramids), queries, and 
encryption have all become more effective with the 
data reduction ratios attained with today’s 
compression technology. Applications that were 
previously prohibitively expensive with Text data now 
become feasible with Shape, RLE, Huffman, and 
Reduced Huffman compressors. 
However the compression techniques applied are not 
without risk. Data loss, corruption, chunking, and 
outliers, are all examples of problems that can arise, or 
are aggravated by, higher order compression 
processes. 
To minimize the opportunities for data quality decline 
in the compression process, a well defined data 
conversion protocol has been established. The 
protocol includes gaining hands on understanding of 
data compression tools; the use of best software 
engineering practices for developing software using 
those tools; strictly controlled software deployment 
and execution; and testing the resulting product using 
a combination of spatial analysis and spatial queries. 
This paper will present data compression 
fundamentals; their application to spatial data; 
examples of successes, and failures in their use; best 
development and implementation practices taken to 
protect data quality; and a test regimen developed to 
detect the failures. The context of this paper will be 
those experiences gained in the development of a 
production system for a high performance display, 
query, geocoding and routing data product in ESRI’s 
Smart Data Compression (SDC) format. 
 
1.0 Introduction 
 
Compressed data is a double-edged sword.  It provides 
great promise and opportunity for creating 
geographically intelligent applications and devices 
that were heretofore prohibitive due to space and 
performance constraints. However data compression 
can also result in unexpected data loss and corruption. 
To overcome these constraints and evaluate the risks, 
Tele Atlas undertook a project to create a data product 
that utilized high compression technology. The project 
involved the use of ESRI’s Data Development Kit 

(DDK) to create Tele Atlas desktop, web service, and 
mobile capable StreetMap Premium for North 
America.  
 
2.0 Problems 
 
2.1 Data storage 
 
A typical high-resolution street network with 
attribution sufficient to support routing and geocoding 
for a nation of 40 million street edges occupies the 
space listed in Figure 1. 
 

Format Size 
SHP 25 GB 
Text 20 GB 
ArcSDE 10 GB 

Figure 1 
File size by format 

 
Storage adequate to hold these amounts of data has 
been available in server environments for the past 
several years, and became available on PC clients 
within the past 4 years. Storage adequate for the text, 
SHP and ArcSDE formats is still not available on 
DVD, in-car navigation units, PDA (pocket pc) or 
mobile devices.  As a result of this, tradeoffs have to 
be made in one or more of the following data 
parameters to enable storage of street network data on 
mobile devices: 
 

• Resolution 
• Attribution 
• Coverage 
• Topology 

 
2.2 Application Requirements 
 
While the tradeoffs in data parameters were acceptable 
when applications of the data were oriented towards 
consumer or casual users, mobile devices are 
increasingly being tasked with performing critical 
operations by field oriented organizations. Utilities, 
transportation, and telecommunications are just a few 
of the business types that are deploying mobile 
technology to deliver services and goods. These 
enterprises are also increasingly using these devices to 
capture, and even edit, spatial data. The practice of 
omitting data to enable the use of data in mobile 



devices is unacceptable for these newer, more 
demanding applications.  
 
2.3 Processor Speed 
 
Due to heat issues and power requirements, mobile 
devices generally run slower processors. This further 
complicates the situation for users of mobile 
technology and storage limited devices. As a result, 
these slower processors currently need data related 
improvements to attain the speeds that mobile 
applications require. 
 
3.0 Compression Fundamentals 
 
3.1 Background 
 
Data compression has been used for decades with 
Braille, Morse code (Salomon, 2006) and Vocoder 
(Sayood, 2005) being early examples of encoding 
techniques developed to reduce data volume. The two 
major categories of modern compression are: 
 

• Lossless  
• Lossy  

 
Lossy compression is used in audio and visual 
applications where the loss of certain bits of 
information will not be noticed. Unpredictable loss of 
data is not acceptable in the high performance 
geocoding and routing domain and as a result the 
remainder of this paper concerns lossless data 
compression.   
 
The two major compression techniques employed in 
both categories above are: 
 

• removing redundancy 
• removing noise 
 

Removing redundancy involves substituting symbols 
or codes that indicate the presence and/or frequency of 
repetitive bits of data whereas noise removal involves 
the elimination of data that adds no information value. 
  
3.2 Categories 
 
The major categories of compressors used in lossless 
data compression today are: 

 
• Huffman 
• RLE Huffman 
• Reduced Huffman 
• Universal shape 

 
3.2.1 Huffman 
Huffman compression is a lossless compression 
algorithm that is ideal for compressing text or program 
files as it uses codes of varying lengths to replace 
symbols based upon the probability of the symbol 
appearing in the data. Symbols with higher 
probabilities of incidence are coded with shorter code 

words, while symbols with lower probabilities are 
coded with longer code words. Huffman codes belong 
to a family of codes with a variable codeword length. 
That means that individual symbols which make a 
message are represented (encoded) with bit sequences 
that have distinct length. This characteristic of the 
code words helps to decrease the amount of 
redundancy in message data i.e. it makes data 
compression possible. For example, symbols A, B, C 
and D are represented with following code words: 
 

Symbol Code word 

A 0 

B 10 

C 110 

D 111 
Figure 2 

Example of code words for symbols 
 

Symbols A and B have distinct lengths of their code 
words (“0” and “10”). At the first look it seems that 
the code words are not uniquely decodable. But, the 
power of Huffman codes is in the fact that all code 
words are uniquely decodable. So, the sequence of 
bits:  01101110100 is uniquely decodable 
as `ACDABA`.  
 
3.2.2-RLE 
Run length encoding (RLE) stores counts that indicate 
repeating values in sequential records. It is effective in 
spatial applications where proximity correlates to 
values (spatial autocorrelation). RLE Huffman 
combines the RLE counts with the Huffman codes to 
attain improved compression rates over the individual 
approaches. 
 
3.2.3-Reduced Huffman 
This compressor is used for numeric attribute fields 
when there is no information about distribution of 
values in the field. It is an optimization of the 
Huffman algorithm where Huffman codes are used to 
store lengths of values. 
 
3.2.4 Universal shape 
 
Universal shape data compression compresses the 
change in coordinate values (deltas) from a base value 
using Reduced Huffman encoding.  
 
Figure 3 provides a quick reference of the best 
compressor to use based upon data type; spatial and 
row order distribution; and the number of unique 
values in the field to be compressed. NA indicates that 
this variable is not a significant factor in compressor 
selection. 



 
Data 
Type 

Distribution Unique 
Values 

Compressor 

Number Random NA Reduced 
Huffman 

Number Clustered NA RLE Reduced 
Huffman 

String Random Low Huffman 
String Clustered NA RLE Huffman 
Table Random High Huffman 
Table Random Low Huffman 
Table Clustered Low RLE Huffman 
Geometry NA NA Universal shape 

Figure 3 
Compressor selection 

 
 
4.0 Implementation  
 
4.1 Space 
 
Compression ratios of at least 10:1 (Figure 4) over the 
input sources were consistently attained in the creation 
of features in the SDC format. For example the size of 
the street network in ESRI’s ArcSDE format was 10 
GB whereas the size of the final street network in 
compressed SDC format was 1 GB.  Whereas the 
ArcSDE format requires the user to store the data in a 
relational database, such as Oracle or SQL Server, 
SDC is a file based format, requiring no relational 
database. When compared to the other file based 
formats, SDC has a compression ratio advantage of 
20:1 over text representation and a 25:1 over ESRI’s 
Shapefile format. The other breakthrough over the 
Shapefile format is the elimination of the 2GB file size 
limitation. This enables data users to now create 
nationwide, file based, layers. 

 
Format Compression Ratio 

SHP 25:1 
Text 20:1 

ArcSDE 10:1 
Figure 4 

Compression ratios attained by format 
  
4.2 
Performance 
 
Through a combination of more efficient data storage 
and indexing, compressed data access is faster 
resulting in improved drawing and querying speeds 
and greatly improved routing and geocoding speeds 
when compared to input sources.  
 
4.3 
Function 
 
4.3.1 Pyramids 
 
The goal of creating and storing data for multiple 
representations has been an elusive one partially due 

to space issues and associated rendering speeds. 
Through a combination of advances in RDBMS 
technology and compression approaches, the creation 
and storage of multiple levels of data granularity is 
now feasible and practical (Figure 5). SDC files 
enable data producers to store several generalization 
levels in a single file. And applications that read SDC 
can reveal them at user defined thresholds. Figure 6 
shows the generalization settings used to create the 
pyramid and the fields used to store the generalized 
output. 
 

 
Figure 5 

Pyramid of generalization levels 
 
 

 
Figure 6 

Generalization settings 
 

4.3.2 Single DVD 
 
Data sets that formerly required multiple CD’s or 
DVD’s now fit on a single disc, thereby enabling 
developers to create products that eliminate the need 
to copy the product to a computer’s hard drive. Users 
can now use the product directly from the disc. The 
entire SMP North America occupies 3.7 GB which 
easily fits on a 4.7 GB single layer DVD. 
   
5.0 Surprises  
  
5.1 Feature movement 
 
During the geometry compression phase, users have 
the option to manually set output precision. The 
advantage of lowering the precision is a reduction in 
the size of the output. However the disadvantage is the 
movement of features relative to their location in the 
source data (Figure 7). 



 

 
Figure 7 

Feature movement at various precisions 
 
 
A significant reduction in file size can be attained 
however with a minimal reduction in precision. A file 
can be reduced nearly 25% in size with less than 1 
meter loss in precision. Figure 8 shows the file size 
changes associated with reductions in precision. For 
applications that will not tolerate precision loss, the 
SOURCE data precision compressor option was 
selected which eliminated any feature movement. 
 

Precision File size 
.1 Meter 1,386,434 
1 Meter 1,054,116 

10 Meter 670,886 
Figure 8 

File size reduction by precision 
 
 
5.2 Corruption 
 
Logical compression is an option to the Huffman 
compressors and enables users to combine multiple 
fields into a single field. This works fine if the values 
in the fields are the same. However when they are 
different, using the compression strategy available at 
the time, one overwrote the other resulting in 
confusing results. In Figure 9, an attempt to geocode 
to an address that had a different postal code on the 
opposite side of the street results in a lowered match 
score (91/100). This occurred because the POSTAL_L 
and POSTAL_R were compressed using the logical 
option and the right sided value overwrote the left 
sided value. 
 

 
Figure 9 

          Logical compressor geocoding penalty 
 
This error was traced to an unexpected scenario in the 
data which the logical compression option can now 
handle correctly. 

 
5.3 Blocking 
 
Blocking is the indexing and sorting of data based 
upon spatial distribution and/or spatial attribute value. 
It is a powerful tool for spatial data organization and 
results in blocks that are roughly equivalent in size. 
This predictability in block size makes for consistent 
and modifiable data access results.  By establishing a 
maximum number of features per block users have a 
fair amount of control over the spatial indexing. Quad-
tree and Oct-tree tessellation is available and enables 
users to tune their indexing to match their application 
requirements. The basic tradeoff is access speed vs. 
file size with a smaller number of features per block 
resulting in more blocks, and a larger file size, but 
faster access. 
 
 
 
5.3.1 Chunking 
 
A by product of the control of the maximum number 
of features per block is the creation of super blocks. 
Super blocks are larger blocks to hold the features that 
did not “fit” into the blocks. They did not fit because 
they were either too large, too many or a combination 
of both.  This tends to occur when there is a mix of 
many long segments in an area with many short 
segments. The results can be super blocks with an 
excessive number of segments that can degrade access 
times. Figure 10 is a representation of a geocoding 
segment distribution that resulted in the creation of a 
poor performing super block, containing 90K 
segments.  This was corrected by increasing the 
maximum number of features per block, thereby 
reducing the number of features that ended up in the 
super block. Another, less than ideal, solution is the 
splitting of the longer edges to reduce the extent of the 
super block. 
 

 
Figure 10 

Super block scenario 
    
5.3.2 Sweet spot 
 
Occasionally a spatial distribution scenario resulted in 
blocking failures using anything but one particular 
maximum/minimum combination, aka a sweet-spot.  
These were very difficult to deal with as they involved 



a heuristic approach to finding that value. The use of a 
spatial distribution analysis tool is being considered to 
help determine where these scenarios exist and what 
blocking settings to use. Figure 11 shows the 
parameters for dealing with one of those scenarios. 
 

 
  Figure 11 
Heuristically achieved spatial blocking settings 
 
Until the analytical tool is developed, the software 
developers have calculated a pre-determined set of 
values for users to reference. 
 
5.4 Outliers 
 
Like any statistically based process there are scenarios 
that deviate from the norm.  In the scenario in Figure 
12, an address 2000 KM away from the actual address, 
and in a different country, was selected when 
geocoding. The only item in common between the two 
address was the address number, 215.  This outlier is 
still being examined for cause. One possible 
explanation is a symbol substitution error in the 
Huffman encoding.  
 

 
Figure 12 

Geocoding outlier 
  
5.5 Dropped values 
 
When compressing numeric data, users have the 
option of compressing the data as a character string. In 
this case, the choice of string to compress 
STREET.NAME_FLAG resulted in values other than 
3 omitted from the output, Figure 13. This error was 
traced to an incorrect default setting for handling 
NULLs within the DDK when using the compress as 
string option. 
 

 
Figure 13 

Incorrect compress as string setting 
 

This error was corrected by disabling the compress as 
string option. 
 

 
Figure 14 

Correct compress as string setting 
 

5.6 Environment issues 
 
The compression of the generalized geometry is a 
resource intensive process, consuming considerable 
processor and disk resources on both the client and the 
server.  Some datasets resulted in unexplainable 
compression failures, Figure 15. The root cause of this 
category of failure is still outstanding. However it 
does appear to be an RDBMS environment issue as a 
change from Oracle to SQL Server as the host 
RDBMS cleared up the problem. 
 

 
Figure 15 

Environment related compression failures 
 
 
6.0 Best practices 
 
As evidenced in the previous discussion, there are a 
large number of variables involved in conducting a 
data compression project, and an equally large number 
of opportunities for mistakes to be made. As a result 
best software engineering practices were observed in 
developing a data compression workflow and 
production system.  All requirements are assigned a 
number and tracked throughout the life of the 
requirement. Conversion and production issues are 
also tracked to insure that they are not overlooked or 
re-introduced. Production system software is managed 
for version in a code repository and is released for 
quarterly production. 
 



7.0 Testing 
 
The resulting quarterly product contains 3.7 GB of 
data, in 180 files and 5 directories. Thorough testing 
this amount of data is significant undertaking 
requiring a rigorous test protocol to insure that the 
compression process did not result in loss of source 
data quality. The primary testing procedures include: 

• Regression 
• Issue 
• Routing 
• Geocoding 

 
This testing is a challenge, yet it also presents an 
opportunity. The scope of this product enables large 
area testing that was heretofore difficult because of the 
data management involved. Having continental layers 
of data available in single files enables macro and 
micro level testing without the overhead of assembling 
a large number of files. 
 
8.0 Further Investigation 
 
Spatial data is a unique category of information. For 
some applications high accuracy is critical, whereas 
for others more general location is adequate. It could 
be argued that no other field of data usage has such a 
range of precision requirements. 
 
To fulfill the needs of this user community we as 
developers of spatial data have an opportunity to help 
refine the accuracy requirements of the variety of 
disciplines that consume our offerings. Associated 
with this opportunity is the responsibility to determine 
ways to more efficiently create, store and use 
information. Areas where we should focus our 
energies: 
 

• Higher compression orders 
• More user friendly compression tools 
• Better understanding of compressor 

behavior 
• Lower data compression costs 

 
9.0 Conclusions 
 
Spatial data compression is an application enabling 
technology that has passed the bleeding edge of the 
innovation lifecycle and is now entering the 
mainstream. To successfully harness its full potential, 
users of the technology should have a basic 
understanding of its principles, and a full appreciation 
of its risks. The errors that can be introduced are 
insidious and many, but with adequate development, 
implementation and testing safeguards in place, users 
can create lightweight, yet powerful, data offerings. 
 
Also, applications that consume spatial data have a 
variety of accuracy requirements. The author has 
demonstrated that by better understanding the 
compression tools that are available to data 
developers, data compression can be used to create 

products for this variety of application accuracy 
requirements, and in the process, avoid undesirable 
results. 
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