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Abstract

Line simplification algorithms are used to produce a simplified version of an original polyline. Often a polyline can have a resolution far greater than is necessary. For example, a polyline can have several vertices within the vicinity of one pixel. For the sake of efficiency, line simplification algorithms have been developed and are widely used for both computer graphics and geographic information systems (GIS). This report deals with the implementation of some of these algorithms and how to demonstrate them by visual means and web technology.
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1 Introduction

Sometimes a linear map feature might be unnecessarily complex. Polyline simplification replaces these features with a less complex representation. For this reason line simplification algorithms have been developed with the aim of eliminating redundant or unnecessary coordinate information from line features whilst still retaining the original geometric characteristics of a line. 
As figure 1 demonstrates, if successive vertices on a polyline are located too close together that a number of them become irrelevant, they can be reduced to a single vertex while still preserving the overall shape of the line therefore simplifying the line and improving the efficiency of the processing stage. The blue circles indicate the vertices to be connected after simplification.
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Figure 1. Before and after line simplification.
The aim of the project is to create and design and fully functional program capable of performing line simplification. This program will be designed entirely using java, line simplification algorithms and mathematical formula. This program will be engineered primarily using the Douglas-Peucker algorithm and recent modifications. The program will be able to analyse a line segment by drawing a polyline or inputting coordinates of the line. It will then be able to simplify the polyline according to a specified tolerance level. It will also include recent modifications of the Douglas-Peucker algorithm enabling it to guarantee preservation of consistency. The program will also be able to be used on the internet as an applet.

This report is concerned with the implementation of these line simplification algorithms in a java program. The report is structured as follows, the Background Research section deals with the various algorithms that have been researched and implemented in the program. It offers information about other areas that also incorporate these algorithms. The Progress Report describes what has been achieved in the project from the start date to the date of this report. The Future Work section outlines what still remains to be done in the project and further improvements.

2 Background Research

2.1 Line Simplification Algorithms
Simplification of lines is a “generalisation process” that has been the topic of much scientific research. Line simplification may be defined as the elimination of unwanted detail. This process is accomplished by selecting a subset of points which best represent the geometric properties of a polyline while eliminating the remaining points. 

Line Simplification algorithms have become especially important in the field of cartography. Nowadays, with digital records of maps and terrains these algorithms are incorporated frequently in many areas. In general, up to 80% of the information on digital maps consists of lines. Line simplification can greatly improve the efficiency of these systems.
Reasons for Line Simplification:
· Reduced Plotting Time: If the plotting time is slow in relative terms, it can cause a bottleneck effect where the plotting time “clogs up” an output. After simplification, the number of vertices are reduced, therefore increasing the plotting time.
· Reduced Storage: Coordinate pairs take up large amounts of space in GISs. The coordinates or data can be significantly reduced by simplification, in turn decreasing the amount of storage space needed and the cost of storing it.
· Processing: Simplification can greatly reduce the time needed for vector processing a data set. It can also speed up many types of symbol-generation techniques.
2.2 Classical Douglas-Peucker Algorithm
The classical Douglas-Peucker algorithm was developed by David Douglas and Thomas Peucker in 1973 and still remains one of the most widely used and effective line simplification algorithms. It has a worst case complexity of O(n²), where n is the number of vertices along the polyline.
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The algorithm works by calculating the point with the maximum distance from an edge segment. Given a line that needs to be simplified, the algorithm starts by joining the starting point and the end point of the line with a straight line segment. It then calculates the perpendicular distance of all vertices from this line. If the distance between each vertex and the line segment is within a specified tolerance* (distance value), then the straight line segment represents the whole line in its simplified form.
Figure 2. Polyline showing points of maximum distance.
If the tolerance condition is not met, the point with the greatest distance from the straight line segment is selected, and the straight line segment is subdivided, joining the two end points to the point of maximum distance. This process is repeated until all vertices are within the specified tolerance as this algorithm relies on a recursive decomposition of the line.
Figure 3. Douglas-Peucker: Finding the point of 
maximum distance.


*Tolerance: The tolerance is a pre-determined threshold distance used to define the maximum distance to be simplified. The distance is measured from each vertex along a perpendicular path to the current approximating segment.
There are, however, some problems with the algorithm in its classical form. The Douglas-Peucker algorithm does not guarantee preservation of consistency.
Problems: 

· Intersections: This is when the simplified line intersects other polylines
· Self Intersections: This is where the simplified line intersects itself.
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Figure 4. Example of intersection and self intersection
· (Point) features change sides: This is where a feature changes sides after a polyline has been simplified.
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Figure 5. The island has jumped inland after simplification
2.2.1 Hershberger and Snoeyink’s modification of the Douglas-Peucker Algorithm
The most expensive step in the simplification process is finding the point of maximum distance from the current approximating segment. Hershberger and Snoeyink proposed that the maximum point must lie inside the convex hull. They developed data structures to efficiently maintain and access the current convex hull. This increases the worst case complexity of the algorithm from O(n²) to O(n log n).
2.2.2 Saalfelds Modification of the Douglas-Peucker Algorithm
Saalfeld was the first to demonstrate topological preservation in lines simplified by Douglas-Peucker subdivision. Saalfeld argued that generalisation causes coordinate displacement but that these displacements will always fall within the convex hull of the original line. The convex hull contains the two endpoints and the maximum deviation of vertices on both sides of the polyline. This essentially limits the search for these inconsistencies to within the convex hull. 
Saalfeld modified the Douglas-Peucker algorithm so that it could calculate the parity check values of these vertices that lie within the convex hull. The parity checks at each vertex by projecting a ray and counting the amount of intersections with the polyline and the segment connecting the two endpoints of the polyline. An even sum indicates the same number of polylines and the segment connecting the endpoints, which prevents an overlap.
Saalfeld’s modification guarantees:
1. No self-intersections: The simplified line will not intersect itself.
2. No intersections: The simplified line will not intersect other polylines.
3. No topological inconsistencies: Islands will not jump inland.
2.3 Geographical Information Systems (GIS)
Line simplification algorithms are used in many different technologies nowadays. They have given rise to new ways of media and digital technologies which can be used for depicting geography, monitoring. The usefulness of line simplification algorithms is most evident in GIS applications.
GIS is a system of computer software, hardware, data and personnel to help manipulate, analyse and present information that is tied to a spatial location. GIS is used all around the world in many different industries ranging from the petroleum industry to forest managements to phone companies. A GIS system combines various types of data about a location to provide a better understanding about that place.

A GIS could analyse for example, the distribution of mailing list subscribers in an area like the United States. Data like this is analysed and the results are used to make decisions by making future assumptions. This data could indicate where more people are likely to subscribe to a newsletter and so businesses could spend resources on focusing advertising in these areas which are likely to be more profitable.

GIS is responsible for planning, decision-making, operations management and inventory. It is trusted with the responsibility of planning and routing hundreds of miles of transmission and distribution lines, waterways, sanitary sewers and outlining boundaries for forest management practises. GIS is even used for organising traffic circulation and improving the efficiency of newspaper routes. It is incorporated in the petroleum industry letting the oil companies 
GIS largely uses and stores visual records and data which occupies large amount of memory space. Line simplification algorithms can be applied to line segments which can significantly reduce the data size on disk. The fact that the size of the file has been reduced means that the plotting speed is increased improving the efficiency of the GIS.
3 Progress Report

The project has evolved pretty closely to the guidelines set down when work began. The aim was to create a program which could demonstrate the line simplification process that could also be viewed on the internet. The project went through a period of research in order to determine the appropriate means by which to construct the project. It was eventually decided that the most appropriate language to design the program would be java as it could be easily implemented on the web.
3.1 Applet

The applet is very useful as the line simplification program can be run directly from a java-compatible web browser. The entire workings of the project are contained within the applet which will be made available online. There will be an online web page with the program integrated in it.
3.2 Controls

A control system also had to be set up for the program in order to perform certain tasks. 
The program needed to be able to display some information in the applet to be viewed by the user, for example, the amount of lines and points added to the vector. It also required the user be able to modify certain parts of the code, namely the tolerance. The final element in the control panel specified that users also needed to be able to execute commands. 
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Figure 6. Control System
The most effective way of displaying and modifying the data turned out to be using Text Fields. This is because the data values could be easily inserted into the Text Fields to be either displayed or modified. I had initially used various mouse events to execute commands, but found using buttons to be far more effective. 
Two buttons currently are available to the user. A “compute” button and a “clear” button.
· The compute button controls when the polyline simplification is initialised.

· The clear button actually resets the program, removing all elements from the vectors and repainting the JPanel.
3.3 Tolerance Level
The tolerance level specifies how much data reduction is to be applied to a polyline during the line simplification process. It works by accepting an integer from the user and simplifying every point that has a greater distance from the simplified line. The tolerance is input through a text field at present for testing purposes, but will later be implemented as a slider for easier visual demonstrations.
3.4 Mouse Events

The mouse events were set up as a way of recording and implementing details about the polyline. There are several of these mouse events including, mousedReleased, mousePressed and mouseDragged. Along with performing draw functions, they are used to return the exact location of the cursor and can store that value as a dimension in a stack. The purpose being, that if the points which make up a polyline are recorded, this data can then be manipulated using equations to come up with geometric information. The information generated is then used by the simplifying engine to produce simplified lines.
3.5 The Simplification Engine

The program needed to be designed in such a way as to be able to analyse a polyline and create a geometrically effective replica with a given tolerance. With this in mind, I created a JPanel with the intention of making a scribble pad to demonstrate drawing these lines. The location of all the vertices are stored in vectors automatically by the Mouse Handlers. The start point and the end point are identified and are directly connected by a line segment which is stored in a separate vector. Then each vertex is individually analysed to check the perpendicular distance between it and the line segment. When the vertex of maximum distance is found, the connecting line segment is removed from the vector and is split into two parts connecting both end points to the maximum point. The program recursively analyses the points, measuring the distance to its corresponding line segment and splitting the line in two until vertex lies within the specified tolerance level. Each time a line is split in two, the old connecting line is removed from the vector and replaced by the two new lines.
3.6 Paint Component
A new paint component had to be designed to handle various actions. One problem that existed was that when the program was restored after being minimised, the program repainted the JPanel. Being that there was nothing stored in the default paint component all lines and points disappeared. This was fixed by firstly creating a custom-built paint component and secondly placing all drawing elements in the paint component to be drawn exactly as they were. Another reason for the paint component was to be able to display different variations of the simplification process for the same polyline. For this to be possible, the paint component was designed so that after every simplification the original polyline along with the simplified line (according to a specified tolerance) are drawn.
3.7 Finishing Touches

The finishing touches were general improvements that polished the functionality and look of the program. The program needed to be able to draw a series of lines within the limits of a JPanel. If the mouse cursor travelled outside these boundaries then its location could not be recorded. In order to combat this error, a boundary limit was specified in the JPanel to stop the mouse cursor overrunning its limits.
The program has seen many different changes in its design. Colours were introduced to enhance the polylines. Layouts were carefully tweaked to control the location of the buttons and Text Fields. The finished product is expected to look drastically different to the current model.
3.8 Gantt Time Chart
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Figure 7. Gantt Time Chart (Work Completed)
The above chart represents the total project time (ten weeks), the total amount of time assigned to each aspect of each part of the project.  The team is of the opinion that each time chart of each milestone has been followed almost without compromise.

· Program Design: This is the period representing the entire time dedicated to the actual design of the program, including coding and fixing problems.

· Research: The research period is the time spent on researching various algorithms. It also includes the time spent on researching methods in order to implement the algorithms in the program.

· Scribble Pad: The scribble pad required a surprising amount of coding in order to interpret the mouse events in the right manner.
· Algorithm Implementation: This is the bulk of the program and represents the time period spent on implementing the algorithm in the program.
· Tolerance: The tolerance required a large amount of attention. Firstly, it needed to be fully functional and secondly, it needed to be able to be demonstrated on the same polylin
4 Future Work
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Figure 8. Gantt Time Chart (Future Work)
4.1 Web page

A web page will be created to demonstrate a fully functional web-based line simplification algorithm program on the internet. It will contain the program, instructions on how to use it along with information on line simplification. It will be constructed according to the theme of the project and will reflect that in its design. The look of the web page will be designed using XHTML (extensible hypertext markup language) and CSS (cascading style sheets). The webpage will be made using the finest web standards and will be made valid and accessible to all browsers. 
4.2 Algorithm improvements
Improvements will continue to be made throughout the programs life. Before completion date the program is expected to be able to implement the Classical Douglas-Peucker algorithm along with Saalfeld’s improvements. This means it will be able to guarantee the preservation of consistency.
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