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Orienteering is a sport of navigation with map and compass that requires detailed large scale maps, typical at 1:15,000. These maps must 
communicate the features which are obvious on the ground to competitors while running. This presentation will describe a rapid orienteering map 
creation process that utilizes ESRI's ArcPad software for data acquisition with customizations made with ArcPad Application Builder. In addition, the 
creation of ArcGIS styles and templates for cartographic production of orienteering maps will be discussed. Lessons learned from the process to 
include, form building, differential correction, cartographic sketching in the field, and other issues will be described.

Introduction

Orienteering is a sport of navigation with map and compass that requires detailed large-scale maps, typically at 1:15,000 scale.  Orienteering is a 
popular sport in many parts of the world, but in the state of Maine, participation is limited. Orienteering Maine (OME), a newly formed orienteering 
club established in 2001, is striving to introduce the sport to a greater portion of the state's population. The creation of maps with the detail required 
for enjoyable orienteering is a prerequisite to holding orienteering events. The club's limited finances and the immediate need for adequate, if not 
optimal orienteering maps necessitated using novel methods of orienteering map production. A club member currently attending graduate school in 
the Spatial Information Science and Engineering Department at the University of Maine, has access to a full suite of ESRI software along with a 
Compaq 3800 Pocket PC and Trimble Pathfinder Pocket GPS. In order to meet the immediate mapping requirements of Orienteering Maine and to 
increase exposure to ESRI's mobile GIS technology, the goal was set to rapidly create near-standard orienteering maps with  ArcPad and ArcGIS. 
Using these techniques, nearly ten maps capable of supporting orienteering competitions were created. The University of Maine's Demeritt Forest 
map is a representative example.

Orienteering Mapping

The object of orienteering is to run, walk, bike, or ski to a series of points shown on the map, choosing routes–both on and off trail–that will help you 
find all the points and get back to the finish in the shortest amount of time. The points on the course are marked with orange and white flags with 
punches, which you use to make an impression on a card to verify reaching the flag. Each flag, referred to as a control marker, is located on a distinct 
feature, such as a stream junction or the top of a hill.

Fig 1. Subset of an orienteering map with a portion of an overprinted course

During the competition the only navigational aids that competitors may use is the map provided by the organizer and a compass. The location of each 
control is marked on the map, along with a description of where it is located. For example, north side of a 2 meter high boulder is a typical control 
description. To allow orienteering competitors to navigate in this manner, detailed terrain features must be depicted on the map. 

Due to their unique nature, the creation of orienteering maps poses a number of interesting technical challenges. The International Drawing 
Specifications for Orienteering Maps (ISOM2000) describes the characteristics of orienteering maps. The scale of an orienteering map it typically 
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1:15,000 or 1:10,000. From the competitors' point of view, an accurate and legible map is a reliable guide for choosing and following a route. With 
this in mind, relative accuracy is of primary importance.  The map must contain the features that are obvious on the ground to a running competitor 
and they must be depicted accurately relative others features. The competitors should not perceive any inaccuracy in the map.

Historically, these detailed orienteering maps have been produced by creating a photogrammetrically derived base map and conducting an iterative 
process of extensive manual field surveys and detailed cartographic work. The field-surveying component, by far the most time consuming, is still 
most often a manual measurement and documentation process. However, the use of Global Positioning System (GPS) and Geographic Information 
System (GIS) technology is becoming more popular. The software of choice for most orienteering map production is OCAD, a cartographic software 
application specifically designed for orienteering mapping.

A number of orienteering maps, using OCAD and standard techniques, are now in production for Orienteering Maine. These maps are being produced 
by the cartographic firm of Orienteering Unlimited, at Pineland Farms in support of the Maine Games. The remaining portion of this paper describes 
the techniques used to create the interim orienteering maps over the last two years using ArcPad and ArcGIS.

Orienteering Mapping Using ArcPad and ArcGIS

The advances of GPS and mobile computing provide an opportunity for students in the Department of Spatial Information Science and Engineering at 
the University of Maine to produce orienteering maps with the tools and techniques taught in the classroom. This paper's author is an officer in the 
United States Army and is affiliated with the United States Military Academy at West Point. Through this relationship, hardware and software was 
made available for this and other related research projects.

This orienteering mapping project revolved around the available hardware and software. The hardware available for field data collection was a 
Compaq 3800 Pocket PC along with a Trimble Pathfinder Pocket GPS. This coupled with the availability of ESRI's ArcPad software allowed the 
students to determine the feasibility of gathering field data for orienteering maps with this configuration. The software used throughout this project is 
ESRI's ArcPad, ArcPad Application Builder, and ArcGIS.

Prior to beginning the map project, a number of software customizations are required. ArcPad Application Builder is a software tool designed by 
ESRI to customize forms in ArcPad. This project used ArcPad Application Builder to create forms customized for data collection of ISOM2000 
standard orienteering map features. In addition, a style sheet is created in ArcGIS using the specifications in ISOM2000. The mapping process itself  
begins with the creation of a basemap from available sources. Using this basemap as a reference an iterative cycle of field checking, processing the 
data, and updating the map begins, figure 2. The next sections will describe this process in more detail.

http://www.ocad.com/
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Fig 2. Orienteering Map Production Process 

 

Software Customization

ArcPad Form Customization with Application Builder

To ensure efficient field data collection, three customized forms were developed with ArcPad Application Builder. Each form is associated with a 
shape file used to gather orienteering features. There is one shape file for each fundamental data type; point, line, and polygon.

The ISOM2000 associates a unique ID with each feature category. For example, ID 206 is a boulder. The features symbolized as point features are 
gathered and stored in a point shape file. Likewise, linear features such as a contour line, are stored in a line shape file. Polygon features are gathered 
and stored in a similar manner in a polygon file.

The form associated with each shape file allows the user to select a standard orienteering feature from a list of all available features of that type in 
ISOM2000. The form automatically displays the ID code and allows the field worker to type additional notes, figure 3. The point shape file form 
provides an additional page on the form where the field worker can note the offset from the user's location to the feature. This is helpful when 
mapping numerous features from one location. 

Fig 3. Point shape file form created in ArcPad Application Builder

ArcGIS Style Sheets for Orienteering Symbols

The ISOM2000 provides detailed specifications on the symbolization of features on orienteering maps. Using these specifications, a style sheet in 
ArcGIS was created. The name of each style is the unique orienteering feature ID code. This ID code is an attribute in the shape files and in this 
manner, the orienteering map is created. 

Basemap Creation

The Maine Office of GIS manages an extensive collection of geographic data in its GIS Data Catalog. USGS 1:24k files comprise a large portion of 
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this data, and were used to quickly create basemaps for this project. The data files of most use include; contours, rivers, streams, ponds, and roads. As 
a result of the extensive wetlands found in portions of Maine, the National Wetland Inventory (NWI) data files proved particularly useful. In addition, 
the Digital Orthophoto Quad (DOQ) file was found to be helpful for reference and on screen digitization of certain features. 

Two features that are noticeably absent are buildings and vegetation. When these features were not available from other sources, they were extracted 
from the Digital Raster Graphic (DRG). The color associated with each feature type, (building - black and vegetation - green), was singled out in 
ArcGIS. This layer was cleaned by hand and vectorized into shape files. 

Field Work

Prior to going to the field, the layers used to create the basemap were exported from ArcGIS to ArcPad using the tools provide by ESRI. ArcPad does 
not support the advanced symbology used in the orienteering style sheet and as a result the symbols displayed in ArcPad are often different than that 
used in the final map.

The decision was made to use raw GPS data without differential correction. When this project started, differentially correcting the data collected in a 
standard ArcPad configuration was found to not be possible. As a result, one of the goals of this project was to determine if uncorrected GPS data 
could effectively be used for orienteering mapping. It was thought that due to the de-emphasis on absolute accuracy, this might be possible. It was 
found that uncorrected data collected on the same day provided useful information, but integrating data collected on different days was difficult, 
though often within the bounds of normal cartographic generalizations at the scale required.

ArcPad allows the user to gather linear features while moving and at the same time collect point features. To improve accuracy, however, first 
gathering only linear features, such as trails, was found to be the best procedure. This data was then processed and the base map updated. Upon 
returning to the field, the collection of point features was the primary focus. This system was effective as gathering linear and point features, though 
accuracy is limited when taking GPS readings in vegetated areas. 

Gathering polygon regions, though, proved difficult. It is inefficient to traverse the boundaries of all the polygons involved in an orienteering map. 
The most effective way to gather this information is to sketch these features from some vantage point. ArcPad's small display screen and limited 
sketch capability make this method of data gathering difficult. Subsequently, these features were often sketched in the field on hardcopy printouts.

Processing the Data and Updating the Map

Returning to the lab, the three shape files used to gather data are transferred from the handheld computer to the desktop. These files are displayed with 
the orienteering style sheet and overlaid on the base map. Features are adjusted to account for inaccuracies and the required cartographic 
generalizations for ease of reading. One of the most critical issues to account for is to ensure that point features such as boulders are displayed on the 
correct side of trails and other linear features.  If more data must be gathered, these files are transferred back to the handheld devise and the user 
returns to the field. When the data is completed gathered, the marginalia of the map is added. The orienteering style sheet created includes a limited 
number of styles to assist in this process. The key items included are; title, scale, legend, north arrow, and warnings.

Publishing the Map

When the map is complete, it is ready to be used for an orienteering event. The map is printed on an inkjet or color laser printer. The map can be 
saved as an Adobe pdf file. It was found that the current method of displaying dot screens as specified in the ISOM2000 results in unacceptably large 
file sizes. Adjusting the style sheet to account for this problem is a goal of further work.

In addition to printing the basic map, the control points for the specific orienteering event can be created as a separate layer in ArcGIS. These maps 
can be printed and made available for the event. The course established for a Cross Country Ski Event at the University of Maine demonstrates this 
approach.

Conclusion and Future Work

This project met the goal of rapidly creating near-standard orienteering maps with available resources to quickly meet the map requirements of the 
newly formed Orienteering Maine. In addition, it provided a mechanism to explore numerous hardware and software configurations of mobile data 
collection and  map production. The key limitations in this approach include; 

●     Limited contour detail with USGS 1:24,000 data source. 
●     Handheld computer's screen too small for effective cartographic sketching in the field.
●     ArcPad's sketching capability limited. ArcPad was not designed as a mobile mapping system, but as a method of collecting and verifying 

attribute data of spatial features in the field. 
●     The difficulty in differentially correcting the data is a limitation. Gathering data for orienteering maps with differentially correcting is possible, 

but additional post processing and low accuracy should be expected.
●     The symbolization of ArcPad is limited. 

http://www.spatial.maine.edu/~hendrick/Orienteering/Maps/Demeritt_SKIO_15Feb03_withCourse.pdf


Future improvements planned for using ArcPad and ArcGIS for orienteering mapping include:

●     Updating ArcPad customization for better offset data collection and automatic coordinate conversion to offset location.
●     Continue to improve the style sheet to better meet ISOM2000 standards while ensuring efficient storage of the resulting map in various file 

formats
●     Test the Tablet PC with ESRI software while creating orienteering maps
●     Research differentially correction techniques available with ArcPad.

For additional information on this project and other orienteering map projects, you can go to the Orienteering Maine's Map Web site at: http://www.
spatial.maine.edu/~hendrick/Orienteering/O_info.htm
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