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I. Purpose

A “Level Editor” is a piece of software that aides in the creation of video games. A video game allows a player to interact, explore, and exist in a virtual environment. It is the level editor’s job to allow game developers to produce these worlds or “levels” for the player to explore. 

A Level Editor produces these worlds by offering a visual tool that allows level creators to build, edit, and save maps. These maps are then loaded by the game or engine (piece of software powering the game) for the player to explore.

This particular level editor is a part of a larger project: Elysian Shadows. Elysian Shadows is a two-dimensional, multiplatform game for the PC and Sega Dreamcast gaming console. The level editor is responsible for allowing rapid creation of worlds for the Elysian Shadows game.

Due to the fact that Elysian Shadows was written and coded from  ground-up (rather than using pre-existing technology), the game requires a specialized level editor that is capable of producing levels in specific custom formats.

A team of independent game developers is currently developing a new video game for the PC and a gaming console known as the “Sega Dreamcast”. The game’s main engine is being created from scratch, making it quite different and highly customized when compared to other engines already available on the market. These differences call for a unique system through which the main engine interfaces with input data. Because of this, level designers attempting to create playable scenarios are unable to implement their ideas without some kind of tool or utility to handle formatting their output data in a way compatible with the main game engine. It would be both impractical and unmanageable to teach each level designer how to manually convert their maps, items, characters, sheets, etc. into raw binary data readable both by the Dreamcast and the PC. 


 As a result of this problem, a piece of software must be engineered that can synchronize with the main engine. It must provide a simple, easy-to-use way for level designers to create and implement their ideas. The software must be robust, reliable, and consistently up-to-date with the standards of the main engine. 


In August of last year, I set out to undertake this engineering task. The purpose of this project is to detail the work that I have done and the engineering process that was vital to the development of the utility, as well as the numerous problems, revisions, modifications and future goals that make up the project.

II. Engineering Objectives


Because the level editor must output data in a specific format that is readable by the main engine, there are certain requirements it must meet or surpass. These requirements are subject to frequent change, as the engine itself is still not finalized. For this reason, it would be impossible to predict future modification or additions to this set of objectives. Therefore, I will only be detailing the most recent goals as of today, February 4, 2009. 

· Functionality

The video game in development, Elysian Shadows, is a tile-based, two-dimensional role playing game. The main engine is designed to read data from a series of files containing binary representations of numbers and text. These files are “levels” or virtual worlds that the player interacts with in the game. Each number corresponds to either positioning coordinates of graphics or other game-related entities that exist in the virtual world. Text most frequently corresponds to directories and locations of external dependencies that the engine must rely on, such as other levels, graphics, scripting files, etc. 
The level editor must provide an interface through which the user can edit and create worlds for the game. In addition to this, it must provide easy interfacing that allows the user to edit environments while simultaneous providing safety features to prevent the user from inputting invalid data and unintentionally causing bugs or fatal crashes in the main engine. 
· In-Game Entities

To fully understand the specific tasks the editor must accomplish, it is necessary to become acquainted with the numerous in-game entities that the editor must represent, which are detailed below.

· Terrain

Terrain refers to all environmental factors that exist in a given level. This is the main visual appeal of a game, as the foreground, background and overlay are all aspects of this category. The Elysian Shadows main engine was designed to deal with two specific entities representing terrain: tiles and objects.
· Tiles: 
A tile is an entity that is drawn below the player; it amounts to the ‘ground.’ A tile contains a 32x32 pixel image that is drawn to fit a grid, creating the illusion of vast expanses of grass, sand, dirt, water, skies, etc. Each tile has a set of attributes unique to that tile type; each individual instance of a tile type is identical in every aspect except location. Modifiable attributes for each tile as well as acceptable values are detailed below:

Table II.1 – Tile Attributes and Values
· Objects:
Objects are similar to tiles in that they represent 32x32 pixel images. However, they differ by allowing for more specific collision as well as having other attributes. Because objects are drawn above tiles, it is not only practical, but necessary to allow for transparencies. This creates the illusion of depth as anything rendered below the transparent object will show through. Editable attributes are shown below:

Table II.2 – Object Attributes and Values

· Interactive Elements
Anything that the player can directly interact with would be considered an interactive element. Such objects usually have speed, movement, velocity, weight, and other physical attributes to allow interaction with each other and the environment. There are, however, some ‘abstract’ components that would still be considered an ‘interactive element,’ such as an inventory item or piece of equipment. These are usually status modifiers which improve character variables and help deliver dynamic game play. There is one set of items for the entire game; this sets them apart from tiles or objects, which are reloaded and different for each map. Because of this difference, items require a much wider variety of attributes than objects and tiles. Interactive elements that the editor must directly handle are detailed below:

· Items (concrete):
Items are any collectable entities in the game, such as currency, weapons, clothing, etc. Concrete items all have physical attributes, such as weight, mass, and density. These concrete entities are managed through the main engine’s physics system. The player can throw, kick, and apply forces to these items as though they were real-world entities.
· Items (abstract):
Abstract items are items that cannot be physically interacted with; the player cannot pick them up and throw them in game. There are abstract items that have the ability to become concrete; the player has the option to select items from their inventory and ‘drop’ them onto the map. 

· Treasures: 
Treasures are compound entities that consists of an object and item. If an object’s ‘type’ attribute is equal to ‘2’ or ‘5’ (openable, openable/triggerable respectively) then it can contain an item placed within it. The item will not be drawn to the map or revealed to the player unless they ‘open’ the object by pressing the action command button. An animation is then played (handled by the main engine) of the player receiving the item as a treasure, and it’s added to the inventory as an abstract item (with the ability to become concrete upon a drop). An example of this would be finding an item in a treasure chest or dresser drawer.
· Non-Playable Characters (NPC’s):

A non-playable character is usually an enemy or ally that the player can interact with, usually via the action command or battle. The level editor is only responsible for placement coordinates of NPC’s on the map, as the rest are individually handled by level designers using the in game scripting language, Lua. 

· Warps:
A warp is not drawn visually. It has placement coordinates, as well as ‘exit’ coordinates. When the player moves into a warp, he is transported to the warp’s ‘exit.’ Though this process is simple in theory, it requires a number of different scenarios and attributes to be handled specifically by the editor, such as two-way warping, inter-map warps, camera coordinate adjustments, etc. These warps can be used to move the player from one map to another. Entering a house in the forest would be an example of warping from a forest map to a house map.
· Interfacing with In-Game Entities

As a major part of functionality, the editor must be able to easily interface with each of the above entities. This includes the ability to browse for images, edit attributes of objects, tiles, items, treasures, warps, as well as place each on the map. How this is done is entirely up to me, the software designer. 

· Engine Synchronization
Part of the functionality of the editor includes easy integration with the engine as a tool for level creation. This includes the ability to save projects in formats the engine can use without tweaking, and the ability to launch the engine from within the editor to test levels. 

· Robustness 

In addition to having strict functionality specifications, the level editor is a tool that should be considerably robust. This includes error checking for all values, containing little to no bugs, and being all-around reliable software. 
· User Friendliness
Being user friendly is a major part of the software specifications. The tool should include a number of options to improve level creation time, such as copy/paste, undo/redo, keyboard/mouse shortcuts, as well as concise, easy to follow dialogues and graphics. As a specification, one should be able to quickly and easily create or modify levels; therefore the editor must be specifically designed for ease-of-use. In addition to this, it must include a number of functions to make it a helpful tool for not only the level designer, but artists and programmers alike. Functions such as this include the ability to reload and redisplay art, to view coordinates, and to easily access different variables and attributes.

II. Procedure

In order to accomplish such a large task, I have selected to use an iterative approach to software development. 
As a first step, I assess my requirements by contacting the rest of the development team. This is usually done via forums, as time zone and geographical distances limit our communications. 
Next, it is my job to analyze the given requirements. Are they realistic? How can they be accomplished using my current system? Do I need to design a new system, or will an existing one work?

If a new system must be made and implemented, then I set to work on designing it. A careful design is very essential to any big project, so I include thorough documentation and take time to sketch out ideas and run them by the rest of the team. If I have their approval, I proceed to the implementation phase.
Implementation is carried out though long hours on the computer. I use the BlitzPlus IDE to carefully transpose my design into code. From there, I run and test my given system and assess whether or not I’ve reached my requirements. If I have, then I proceed to releasing a build of the editor to the rest of the team. If not, then I repeat the last few steps until satisfactory.

After releasing a build to the team, I wait for feedback or a new set of objectives. Only one few additions to the editor are made with every release—doing it this way allows the team to be constantly up to date with the newest build, and allows me to fully assess and debug my previous additions. 

My development cycle is roughly characterized by this chart, found on IBM’s official website:
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Figure III.1 - Iterative development
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Attribute:                    Purpose:                                                                                               Acceptable Values:


ID                                Corresponds to an image number on a given graphic sheet                     0-255


Solid                            Whether or not players can walk across given tile                                  1/0, True/False


Damage                        Amount of life reduction player receives when crossing given tile       Any Integer   


Dmg Frequency           How often (in frames, ~1/60ths a seconds) player takes damage           Any Integer


Animation                    Is the image for the tile animated?                                                          1/0, True/False


Next Tile                      If it’s animated, what’s the next tile to be displayed?                             Tile ID, 0-255


Anim Freq                    How often (in frames, ~1/60ths a seconds) animation occurs               Positive Integer


Friction                         Speed addition/reduction entities receive from crossing given tile        Any Integer


Slow                             Endurance reduction entities receive from crossing given tile               Any Integer


Type                             An attribute used by ingame scripts to categorize the tile                      Any Integer


Particle r,g,b                Three values representing color of special effect particles                     float 0.0 -  1.0














Attribute:                    Purpose:                                                                                               Acceptable Values:


ID                                Corresponds to an image number on a given graphic sheet                   0-255


Quad 1-4 Solid            The 32x32 image is divided into four 16x16 squares of solidity           1/0, True/False


Z-Coord                  Which layer to draw the object on                                           1,2 (layer ID)


Special                    Used for ingame scripting or actions                                       Any Integer


Animated                Tells if the image is animated                                                  1/0, True/False


Next                        Which object to switch to if it’s animated                               Object ID (0-255)


Anim Fre                      How often (in frames, ~1/60ths a seconds) animation occurs               Positive Integer


Type                             Enables/Disables addition attributes.                                                      0-5


Description                  If object type is 1 or 2,  text that player will see upon                            3 Lines of Text


                                     clicking on object 
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