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Introduction: 
 
Avionics is an area where there is a lot of potential for GIS. ESRI's ArcView based FliGIS 

product developed by NeST provides a set of tools in solving the cumbersome problem of 

manually extracting the heights of the terrain at various segments along a flight path from 

hardcopy aeronautical maps. The Flight paths of any airline change periodically and Terrain 

profile charts need to be generated for every change in the flight paths. The terrain 

information is required for the pilot if the flight has to descend on account of loss of oxygen at 

certain high altitudes. This application will greatly help in identifying the peaks, so that when 

the pilot decides to descend a flight, it will not have any obstacle in its descending path. Due 

to the military operations or Govt imposed restrictions the Air Traffic Controllers keep 

modifying the paths. The flight planners of an airliner frequently generate the flight paths and 

the corresponding terrain profiles for each flight. 

 

Using this product, the flight planners can automatically generate maximum elevation values 

along a user defined corridor of a flight path or a set of flight paths.  For each segment 

corridor, maximum terrain height is extracted. An appropriate chart showing the terrain profile 

is also drawn. This product has the provision to read the Digital Flight Data Recorder (DFDR) 

data and draw the actual path a flight has traversed, and to draw comparison between actual 

flight path and planned flight. This paper deals in detail all the salient features of the 

application and the benefits accrued to the end users of this product. 

G K Viswanathanhan 
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System Requirements: 
 

• Software:ArcGIS 9.2 Desktop 

• Development Platform:  Visual Studio .Net 

 
Hardware requirements:  

• Windows XP/Windows 2003 

• A high-end processor (preferably dual processor, 2.8 Ghz +)  

• A dedicated graphics card of 256 MB  

• RAM of 4 GB and  

• 200 GB HDD 

 
Data Requirements: 
 

• Digital Elevation Model – A Digital Elevation Model of necessary resolution and 

referenced to WGS 84 Datum is a pre-requisite for running the application.  

• Airport and Waypoint Database - MS Access Database is used by this application for 

storing Airport and Waypoint data in tables. Waypoint table will have id, waypoint, 

latitude, longitude, and identifier as its attributes and Airport table will have id, 

latitude, longitude, airport and length as its attributes. User can upload latest data to 

these tables through the input text files as and when required using a custom tool of 

this application. 

This product comes with a pre-loaded global airport and waypoint database and the 

user can update these databases as and when required.  

• Layer Files - The layer file used by this application contains two group layers. The first 

group layer has feature classes for Waypoints, Flight Path, Buffer Corridor, Airports and 

Decision Points and the second group layer has the DEM as raster and feature classes 

for the political boundaries and meridians.  

 
Application Functionalities:   
 
About FliGIS 
 
FliGIS is a customized ArcMap 9.2 application for generating terrain profile information with an 

easy to use GUI. The main purpose of this software is to extract the maximum terrain 

elevation values between waypoints in a given flight path or a set of flight paths. A digital 

elevation model (DEM) of desired resolution referenced to WGS 84 Datum is pre-processed 

and used for extracting terrain heights. A height buffer of given value will be applied to the 

extracted values to form the final output. Output files can be generated in three different 
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formats with these maximum elevation values. The final image will be visible through ArcMap 

interface and will have the flight path, DEM, Airports, Decision Points, etc.,  

 

User will have the privilege to save the final map document for viewing at a later point of time 

and to draw graphs for the generated output for a given flight path. The advantage of this 

product from an user perspective is that the users can use the application with minimal 

training. The application has been developed in ArcView 9.2 desktop, file geodatabase feature 

classes and MS Access. Visual Basic.NET (2.0) and ArcObjects libraries available within the 

ArcGIS software have been used as the development platform for this application.  

The FliGIS application uses a set of parameters that are configurable. The user needs to 

update the configuration file with the desired inputs before executing the application. This 

includes distance between waypoints, height buffer to be added to the final output, waypoint 

database file path, airport database file path and buffer corridor distance. Once the application 

is initialized, it reads the configuration file and validates the contents. If invalid entries are 

found, the application will terminate after displaying appropriate errormessage. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: A Sample Flight Path 
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Terrain Height Extraction: 
 

This tool enables the user to extract the maximum terrain elevation values between waypoints 

in a given flight path or a set of flight paths. User can select either one input flight path or 

many flight paths at one instance, which are processed to extract the terrain height, and 

finally the image will be displayed on the map and the outputs are written as text files. The 

input files are flight plan, airport and decision point files. They contain the waypoint, airports 

along with their corresponding latitudes and longitudes. The user can also create intermediate 

waypoints by providing the value of distance of his choice.  

After reading the waypoint latitudes and longitudes, the flight path is created connecting the 

waypoints. If any intermediate waypoint is created by the user, the same will be added in the 

flight path. The application will split each segment (i.e two successive way points will be 

treated as one segment) and generate buffer polygons for each waypoint segment. The buffer 

distance shall be provided by the user.  

Once the buffer zone is created, the same will be superimposed over DEM raster and will 

extract the maximum elevation value for each buffer zone polygon. If required, a height buffer 

can be added to the extracted values.   

The application will generate obstacle path, and updated waypoint files as outputs. They will 

contain the flight id, maximum elevation value and  buffer id as attributes. Once the process is 

over, the application will generate the image displaying the following:  

• Waypoints including Intermediate Waypoints with waypoint name 

• Route Number 

• Flight Path 

• Airports along with the name 

• Decision Points along with the name 

• Height (Terrain Height + Height Buffer) rounded off to nearest 100. 

• Distance between waypoints 

• DEM 

• Meridian parallels and Political 

Boundaries  

 

 
 

Figure 2: Final Image Ouput 
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Profile Graph Creation 
From the output files, user can create profile graph (step graph) as depicted below. The x-axis 

will have the waypoints, while the y-axis will have the height extracted between each 

waypoint segments. This will give a viewer a clear idea as to how the terrain is represented 

along a flight path. With this chart, the pilots can easily identify the peaks when he wants to 

descend the flight.  

 
Figure 3: Sample Step Graph 

 

Other additional Tools:  
 
The following are some of the additional tools provided as part of the product. 
 
Add and Delete Interactive Waypoints: 
 
The add interactive waypoint will help the user to place the waypoints interactively at a 
location for a particular flight path for further analysis. In case two successive standard 
waypoints are placed far apart and the planner wants to find out a peak at an intermediate 
location, he can induce a waypoint at a location of his choice. The user will be required to give 
a distance from an existing waypoint and the application will update the output file after 
extracting the terrain height between the newly created segments. The user can place multiple 
interactive waypoints in an instance.  
 
The delete waypoint tool enables the user to delete the waypoint placed by the user 
interactively. The user however will not be able to delete any standard waypoints or waypoints 
that were not placed interactively.  
 
Reset Layer 

 
The reset layer tool will help the user to reset the original layer file settings for the displayed 
Feature Classes. Any changes in the feature class appearance that would have been made 
during running the application or after can be restored to default pattern by using this tool. 

 
Graticule Interval 
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The Graticule interval tool will help the user to set Graticule grid intervals on ArcMap Layout 
based on selection.  This tool will work in the layout view and the user can select the desired 
interval (Degrees) from the drop down list and the output will be displayed with the Grids that 
would be placed as per the user selected interval. 

 
Flight Path Renderer 
 
The flight path renderer tool will help the user to render flight path feature class based on the 
unique values in “FLIGHTID” field of the flight path feature class. A sample output is depicted 
here. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Output based on Flight Path Rendering  

 
Reference Scale: 
 
Reference scale tool will help the user to minimize the label overlaps, by adjusting the map 
scale ratio. A dialog is provided for entering the desired scale ratio level. 
 
Route Viewer  
 
Using this tool, the user can see any flight plan of his choice that are stored in the database. 
Provision is given to list the flight plans available in the database. The user can search the 
database by providing appropriate attribute information in Destination and Departure fields of 
the Application. The selected flight plan can be viewed on the map. Also, there is a provision 
to save the new flight paths in the directory for easy retrieval later. 
 
Comparison between vertical and profile and traveled route 
 
Using this tool, user can generate vertical profile of DEM along the flight path. The maximum 
elevation value of DEM is used to generate vertical profile. This option will assist the route 
planner in visualizing the elevation information and Climb/Descent details.  
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Figure 5:  Chart depicting Vertical profile and traveled route 
 
Comparison between planned and traveled route 
 
This functionality will display planned flight path and the actual traveled route for comparison. 
The actual route will be created from the DFDR data (Digital Flight Data Recorder). DFDR 
consists of Latitude, Longitude and Altitude values at 1-second interval. The DFDR data will be 
downloaded from the monitoring devices and plotted on the screen. A provision has been 
made available for joining the DFDR points to view the actual traveled route.  
 
Apart from the above, standard ArcMap tools such as <save> for saving the .mxd <export> 
exporting the image to any standard format supported by ArcMap, and <draw leader line>  for 
depicting arrow mark to a point (Say escape route or pointing to a nearest airport) from one 
or more waypoints are also provided.  
 
View Airport in Google Earth 
 
With this tool, the user can choose an airport of his choice from the Airport Directory and if the 
Google Earth is installed in the system, it (the Google Earth) will open and take the user 
straight to the Airport selected in a zoomed view. The airport directory contains world wide 
Airports which can be updated as mentioned earlier.  
 
The need for developing this product: 
 
Flight paths of all the airliners change periodically and terrain profile charts need to be 
generated in a stipulated time for each change in the flight path. Extraction of terrain heights 
greatly helps the flight planners in identifying the peaks in a flight path. Manual extraction is 
error prone and time consuming. When it is done manually for each flight plan on a paper 
map, the maps get soiled and become unusable after some point of time. Hence an automated 
solution is a perfect alternative. Also, the tools that are used for creating interactive, 
intermediate waypoints, escape routes and alternate airports provide the user to visualize on 
the screen different scenarios, while manually it is much difficult.  The procurement of various 
industry standard aeronautical charts are expensive as they need to be bought for each 
change in the flight path. When this tool is available, many photocopies of the charts for any 
flight path can be taken and analyzed. It is difficult to compare various scenarios manually. 
With the latitude and longitude information, waypoint can be accurately placed in ArcMap, 
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while it is time consuming and accuracy is not guaranteed when placed manually on a paper 
map. Drawing flight paths using Color Sketch pens is a cumbersome process and after drawing 
few paths, the hard copy map may have to be discarded. Calculating terrain heights is also 
easier in the automated process while difficult to do so manually. Labeling any information 
according to the choice of the user is easily done with this tool. Output files are generated 
once the tool is run automatically. When it is to be done manually, the user has to key in all 
the information and generate them. The same is the case with step graph. Within no time this 
can be generated using this tool, while it is a time consuming job when done manually.  
 
Salient Features of the Product: 
 

• Thematic representation of DEM data 

• Updated Airport database consisting all major airports of the world 

• Country boundaries  and Graticule Grid are provided as  base layers 

• Generating max terrain values between any two waypoints in a set of flight paths 

• Functionality to add/delete interactive waypoints 

• Tool provided to save the session for further reference 

• Export the charts into any industry standard image format with desired resolution 

• Graph tool helps vertical analysis in Height Vs Waypoints or Height Vs Distance 

• User can modify the Print size / dimension of page layout as per the chart 

• Customized Layout with Escape routes 

• User can fix the interval of Graticule grid 

• Thematic representation of Flight paths using Flight path Renderer tool 

• Provision for customizing the legend 

• Final print out consists of Diversion route, Diversion Airfield,  Escape route in addition 

to the Airports, Decision Points, Flight Paths,  Buffer Corridor, Country Boundaries & 

DEM 

• End user may add valid information about the Flight and other relevant details. 

• Spatial Analyst extension is not required, even though there is a raster- vector 

interaction. Therefore considerable cost is saved. 

 
Future Enhancements: 
 
In the subsequent versions, it is planned to use PLTS Aeronautical extension which will greatly 
enhance the functionality to manage aeronautical information and to produce database driven 
aeronautical charts.  
 
Conclusion: 
As has been discussed in this paper, this product- a first of its kind in dealing with extracting 
terrain heights for flight planning- will be a great tool for the flight planners. It is an 
inexpensive solution as even the spatial analyst extension is not required though maximum 
height is extracted from raster data (DEM) super imposed over a vector dataset. The inherent 
problems associated with manual procedures in the flight planning operation can be easily 
done away with when this product is used. 
 


