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Lecture 6: Data Storage and 
Representation 



Today’s Themes 

How we represent the world makes a big 
difference in how we map it 

Technology impacts how the computer can 
store maps 

During the data capture and initial 
transformations errors abound: be wary! 



Hardware for Computer 
Cartography 

Clarke, K., 1995, Analytical and Computer Cartography 



Input Devices for Computer Cartography 



What is Geocoding? 

 “Geocoding is the conversion of spatial information 
into computer-readable form. As such, Geocoding, 
both the process and the concepts involved, 
determines the type, scale, accuracy and precision 
of digital maps” – K., Clarke, 1995 

Geocoding involves capturing the coordinates, and 
sometimes also capturing the attributes 

Often involves address matching 



What is Geocoding? (ctd) 

Real world broken into 
phenomena, landscapes  
Phenomena can be 

broken down into 
cartographic entities  
Entities are geocoded to 

become cartographic 
objects  
– Geometry  
– Topology 
– Attribute 

 



Two fundamentally different data models 

Features 
– Objects 
– Entity-by-entity 
– Point/Line/Area/(Volume) 
– Based on coordinates with given precision 

Fields 
– Variable is continuous 
– Measurement can take place anywhere 
– Samples are used, sampling strategy matters 



Common issues with Cartographic Data 
Models 

Holes 

Undefined areas 

Discontinuities 

Multi-values 

Uncertainty 

 



Topology 

Non-topological Approach Topological Approach 

Topology - The spatial relationships between 
connecting or adjacent map features (e.g., points, 
lines, and polygons) that remain when geometry is 
removed 



Characteristics of Geographic Data 

Geocoding is the process of digital-encoding the 
fundamental characteristics of geographic data 
– Location 
– Volume 
– Dimension 
– Continuity 

 



Continuity vs. Discontinuity 



Fundamental Properties of Geographic 
Objects 



Fundamental Properties of Geographic 
Objects (ctd) 

 Neighborhood 



Fundamental Properties of Geographic 
Objects (cnt.) 

 Shape 
– Lee and Sallee index 
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North Korea's Yongbyon Nuclear Scientific Research Center is 
pictured in January 16, 2017 handout satellite image 



Measure the Properties of Geographic 
Objects 



Goals of Geocoding Methods 

Minimize Labor Input  

Detect and Eliminate Errors  

Optimize Storage Efficiency  

Maximize Flexibility  



Geocoding methods for maps 

Digitizing  

Scanning 

Field data collection 



On-screen digitizing 



GPS navigation/tracks 



Address Matching 

Most GISs contain 
capability 
Start with 123 State St, 

Santa Barbara, CA 
93101 
End with Coordinates 

 
May need to interpolate along blocks 
Street number range, left and right side e.g. 101-

199 
 



Storage Media 

 Traditionally, the paper map has 
performed a storage function for 
spatial information  

Computer cartography requires 
information to be digital and stored 
explicitly  

Storage is increasingly distributed 
over networks  

Many mapping programs require 
local storage of data  

Cost and size restraints now less 
important  



Evolution of Storage Media 



Physical Storage 

 Bit - the most basic 
information unit in a binary 
system (1 / 0) 

 1 Byte = 8 bits 
 Binary (2-based), 

Decimal(10-based), and 
Hexadecimal (16-based) 
System 

 Binary Operator – AND, OR, 
NOT 

 Data on a disk -Sectors, 
Tracks, Platters 

 File system – File, Directory 



Maps as Numbers 

Map data is stored in the computer’s 
memory in a physical data structure (i.e. 
files and directories). 

Files can be written in binary or as ASCII 
(American Standard Code for Information 
Interchange) text. 

Binary is faster to read and smaller, 
ASCII can be read by humans and edited 
but uses more space. 



ASCII Table 



ASCII Table (extend) 



Storage Efficiency and Data Compression 
 

Cartographic data sets are typically large  

Need to reconfigure data formats, structures etc.  

Seek to retain 
information content, lose 
volume.  

 Is redundancy 
necessary?  



Storing Coordinates (Vector) 

Physical Compression  
– 4,513,410 m N;587,310 m E; Zone 18,N (32 

characters, 15 digits)  
– 4513410 587310 (13 digits, one space) Need 

metadata  
– 98 96 7F 0F 42 3F (six bytes)  

Logical Compression 
– Drop last two digits (10 ASCII or 2 bytes per 

coordinate)  

 



Raster data Compression 

Run-length encoding  
Quad-trees 
… 



Data Storage Formats for Cartography 
- U.S. Geological Survey 

 DLG – Digital Line Graphs (1:24,000; 1:100,000; 1:2,000,000) 

 DEM – Digital Elevation Model (1:24,000; 1:250,000) 

 GIRAS – Land-use and Land-cover Digital Data (1:100,000; 1:250,000) 

 GNIS – Digital Cartographic Text 



Data Storage Formats for Cartography 
- U.S. Geological Survey 

USGS DLG format 



Data Storage Formats for Cartography 
- U.S. Geological Survey 

USGS 1:250,000 3-arc second DEM format (1-degree block) 



Data Storage Formats for Cartography 
- U.S. Geological Survey 

USGS 1:24,000 30 meter DEM format (7.5-minute quadrangle) 



Data Storage Formats for Cartography 
- CIA World Data Bank 

 WDB I (1:12M base, 100K points)  

 WDBII (1:3M base, 6M Points)  

 DCW 1:1M base- 4 CDs, 14 layers DMAs VPF  



Storage Issues 

Compression: Lossy vs. Lossless 

Ease of Access (Time, # operations)  

Reliability 

Permanence 

Backup 

Redundancy 

Detail and Scale 

 Tiling, Mosaicing and Joining “Seamless” Database 

Maintenance, management 

Metadata (embed vs. attach) e.g. GeoTIFF 

 



Web-Mercator 



Tiles and Seams 



Tiling: ASTER GDEM 



Discontinuity in Time and Space 



Data unlimited 

Proprietary vs. Open Source 
Accessible (i.e. Discoverable) vs. Isolated 
Protected, e.g. Private, Sensitive, 

Classified, Denied, Watermarked, 
Steganography 
Web-accessible, web-enabled, clearing 

house 
NSDI, GSDI, Digital Earth 



Open Source 

VMAP 0 

Open Street Map 



Isolated 



Denied Data 



Hidden Data 



Cartographic traps 

 Kerbela Street, Shrewsbury, England. Just off Meadow Farm Drive in 
Shrewsbury Google Maps shows a Kerbela Street, which does not 
physically exist at this location or even exist at all in Shrewsbury, 
according to Royal Mail.  

http://maps.google.co.uk/?ie=UTF8&ll=52.729215,-2.722281&spn=0.001673,0.006866&t=h&z=18


Future Memory: Efficiency vs. Access 

Whole internet on a disk? 

Search systems: Information value vs. content 

Dynamic and Real Time GIS 



Summary 

 Maps can be converted to data by digitizing, scanning or be native 
digital 

 Digital conversion is geocoding: adding coordinates, “geotags”, 
metadata 

 Data formats need logical data models 

 Different models retain different geographical measures and 
properties 

 Ultimately, geography is encoded into bits and bytes on storage 
media 

 Many factors can restrict the efficiency of map encoding 

 Map data storage must balance storage efficiency with ease of use 
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