[image: image14.jpg]



Game Design Document

Jonathan Schmoll

CIS 588

Table of Contents

1. Overview
1
a. Appearance
1
b. Story Abstract
1
c. Gameplay
2-4
d. Development Platform
4
2. Game Mechanics
5
a. User Interface Description
5
b. Use Cases
5
c. Storytelling
5-6
d. Level Summary
6
3. User Interface Design
7
a. Key Screen Images
7
b. Control Summary
8
c. State transition diagrams
8
d. Design Rules
9
4. Artificial Intelligence
10
a. Opponent AI
10
b. Non-Player Characters
10
c. Reactive Items
10
5. Story Overview
11
a. Plot Summary
11
b. Story Board
11-12
c. Character Bible
13
6. Game Progression
14
a. Flowchart
14
b. Level and Scene Details
14-15
7. Bibliography
16
8. Lessons Learned
17
Overview

Appearance

Nucleus is a 3D action puzzle game.  It contains simple 3D graphics consisting of spheres (of various primary colors) and circles/ellipses that can change in size and shape.  The center of the screen holds a cluster of spheres fused together into a “nucleus”.  At the center of this nucleus resides another white sphere (the “core”).  The background is a solid black color.  While this game uses 3D graphics, it is actually played on a 2D plane from a top-down viewpoint.

A number of “would be nice” graphical items are not part of the original design, but may be added at a later date.  These include a core that “glows”, particle effects on sphere collisions, highlighting effects on selected particles, detailed backgrounds, and a polarized “electron microscope” mode (see Key Screen Images on pg. 7 for more info).

Story Abstract

Evil nuclear physicist Dr. Quaternion has discovered a powerful new particle that resides at the center of an atom’s nucleus.  Quaternion is attempting to harness this power for his own nefarious uses.

You must stop him.  By manipulating the particles inside an atom, you can strengthen the nucleus, thus denying Dr. Quaternion access to this new destructive force.  You must protect the nucleus!

Gameplay

Nucleus is an “action-puzzler” (other popular action-puzzlers: Tetris, Bejeweled).  

The object of the game is to connect particles of the same color while avoiding collisions with different color particles.  Same color collisions increase the size of the nucleus; opposite color collisions reduce it.  The nucleus will also decrease in size on its own.  When the last particle in the nucleus is destroyed (thus exposing the core), the game ends.

Particles orbit around the nucleus, traveling in visible, circular paths.  The player selects a particle with the mouse.  That particle becomes fixed to the mouse’s movement, ceasing its rotation.  However, any other particles on the same orbit will continue their rotation.  When the selected particle is moved, its orbit changes to accommodate (becoming elliptical.)  This new orbit can stretch to a length no greater than the circumference of the original orbit.  Rotating the particle along its orbit either slides the particle around the orbit, or rotates the orbit itself (depending on the shape of the orbit, i.e. if the orbit has a severe elliptical shape).  You might do this to “align” the particle with a particle on another orbit.  If the particle is released, it resumes its rotation and its orbit returns to its original circular shape.

Players connect particles in one of two ways:  (1) by holding a particle in place and letting another particle on the same orbit smash into it, or (2) by moving the particle so that it collides with a particle on a different orbit.  When two particles are very close to each other, they will “snap” together like magnets.  Once a collision has been made, the connected particles will leave their orbits and attach themselves to the nucleus.

The player must be careful, however, to make sure they aren’t making unwanted collisions with other particles elsewhere on the same orbit.  For example, if the player has stretched an inner orbit so that it crosses an outer orbit, the inner orbit will cross the outer orbit in two places:  (1) the position of the held particle, and (2) 180° in the opposite direction – the other side of the ellipse.  Other free particles (those not directly under the player’s control) moving along one of those orbits could collide.  See the Storyboard (pg. 12) for more info.
These “extra” collisions can also be beneficial and this is where the game becomes more strategic.  When a player makes a collision of same-color particles, they are afforded a split-second of enhanced control called relative movement, where both of the connected particles come under the player’s control.  Other non-connected particles cease to move on their orbits.  Essentially, all particles not directly under the player’s control freeze momentarily.  When this relative movement time ends, all free particles continue their rotation as normal.  When the player releases the mouse button, all particles in the current combo fuse (completing the combo) and are added to the nucleus.

Players can also create clusters (connecting 3 or more particles in the same group) and chains (creating 2 or more separate groups of particles).  Each subsequent cluster or chain affords the player another few more moments of relative movement.  

Once a combo is completed, fused particles are sent to the nucleus, the remaining particles resume their orbits, and the affected (elliptical) orbits return to their natural state.  During this time (before the fused particles attach themselves to the nucleus), additional collisions can be made by the player.  These after-the-fact combos are called cascades, and combine with previous combos to generate additional (and sizable) bonuses.  Cascades can also occur naturally as a particle on a shrinking orbit collides with another particle.

The larger the successfully completed combo, the faster the nucleus grows, and the greater the bonuses that are bestowed on the player.  

There is a downside to this, however.  If a single particle of opposite color collides with one of the combo groups, that part of the combo collapses.  Relative movement time immediately ends, and all particles involved are subtracted from the nucleus.  The larger the combo, the more difficult it is to control unwanted collisions (remember, the player is affecting the orbits of all particles involved in the combo.)  Completed combos are not affected.

Additional particles continue to appear at random (random color, random orbit, random position on that orbit).  There are a maximum number of particles allowed on the board at one time, and the game will always strive to reach this equilibrium.
See Use Cases (pg. 4) and Flowchart (pg. 13) for more gameplay info.

Development Platform

Nucleus is being developed for the PC platform.  It is being coded in C# and is entirely dependent on Microsoft’s DirectX API.  Game development will make use of the following software packages:


Programming IDE:  Microsoft Visual Studio .NET 2002


Framework:  Microsoft DirectX 9.0c SDK (June 2005)

3D Modeling:  Softimage XSI 4.2


Imaging & Texturing:  Adobe Photoshop CS

Documentation:  Microsoft Word XP

Game Mechanics

User Interface Description

The user interface is simple and intuitive.  The main menu consists of buttons that correspond to various gameplay types.  In-game, players use the mouse to select a particle and move it around the screen.  The particle’s movement is restricted by its orbit.

Holding down the left mouse button over a particle selects that particle and fixes it to the mouse cursor.  Releasing the left mouse button releases the particle.

See User Interface Design (pg. 7) for more information.

Use Cases

Making a 2-particle combo:  The player selects a particle and collides it with another particle of the same color.  Relative Movement time begins.  The player releases the particles to complete the combo.

Making a 3-particle cluster:  The player selects a particle and collides it with another particle of the same color.  Relative Movement time begins.  The player collides the two-particle group with a third particle.  The player releases the particles to complete the combo.

Making a 2-chain combo:  The player selects a particle and collides it with another particle of the same color.  Relative Movement time begins.  The player collides another particle on a different part of one of the orbits they control with yet another particle (creating two separate groups).  The player releases the particles to complete the combo.

Making a cascade:  The player selects a particle and collides it with another particle of the same color.  Relative Movement time begins.  The player releases the particles to complete the combo.  The player selects a particle and collides it with another particle of the same color before the previous combo reaches the nucleus.  The player releases the particles to complete the combo.

Storytelling

Most of the story is told by the game’s manual.  Because Nucleus is an action-puzzle game, a story is not a necessary element for the player to enjoy the game.  A back-story does flesh out the game world, however, and gives the player some motivation.

Some elements of the story can be seen in the game’s menu system as background images, but may not completely make sense to the player unless they have read the manual.  This reliance on the manual to convey the game’s story should not have a negative impact on the game experience.

Level Summary

Standard Mode: This mode contains 20 separate levels of increasing difficulty, where the player must complete a goal (get a set number of combos or chains, etc.).  See Level & Scene Details (p. 14) for more info.

Arcade Mode:  This mode only has one “level” per say, in so far as the player continues to play until the core is exposed and the game ends.  The game will continually increase the difficulty level based on the amount of time the player has been playing, their score, and the current size of the nucleus.  The speed of the particles, the number of orbits, the maximum number of particles allowed on each orbit, the number of different colors a particle can be, as well as the rate at which the nucleus decays, will continually increase.

User Interface Design

Key Screen Images

Main Menu:
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Control Summary

Left Mouse Button down (held): selects a particle on the screen.

Left Mouse Button up (after fusing 2 or more particles): completes a combo.

Mouse (without held particle): moves the cursor.

Mouse (with held particle): moves a particle.

Escape key: pauses the game, opens the menu screen.
State Transition Diagrams
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Design Rules

Target Audience:  Casual gamers.  While Nucleus does not exclude hardcore gamers, puzzle games are one of the genres that seem to “cross over” into the mainstream.  

Feature Visibility:  Nucleus’ features will be largely transparent for the proof-of-concept demo.  However, the future multi-level version will have HUD showing current level goals, etc.

State Visualization:  Particles will highlight when selected by the player.  Particles that are part of a combo will also be highlighted.  Completed/botched combos will have look different (muted colors, transparency, etc.) to separate them from active particles.

Grammar Principle:  Nucleus follows an Object ( Action grammar.  Selected particles fix to the mouse cursor and become themselves a kind of “tool”.

Help:  None (aside from this design document) for the proof-of-concept demo.  The final version will contain an in-game demo showing players the basics.  The final version will also have a manual with a gameplay explanation, but Nucleus’ design does not lend itself well to text explanation – see the complexity of the Gameplay Overview (p. 2) for an example.

Context:  There will be a clear visual separation between menu system and active gameplay.  At this time it is uncertain whether some form of special effects will be used, or a simple screen-covering menu will be used.

Aesthetics:  Nucleus will feature clean, clear, simple lines and bold solid colors.  The main menu system will also follow this aesthetic.

Artificial Intelligence

Opponent AI

Nucleus does not contain any autonomous AI characters.  But there are some simple AI elements that govern gameplay.  The AI system knows when particles of the same or different colors have collided, and what to do in each situation.  The AI knows how many particles remain on the playing field and when to add more.  The AI also knows how long the player has been playing and how successful they are.  See Level Summary (pg. 6) for more info.

Non-Player Characters

Nucleus does not contain any visible NPCs, but within the context of the story it can be assumed that Dr. Quaternion is responsible for adding new particles onto the playing field.  From that perspective, the Doctor “controls” the over-arching AI system.

Reactive Items

Particles:  Reacts to player input (can be manipulated).  Reacts to collisions (positively or negatively, depending on color).

Orbits:  Reacts to player input indirectly (can be manipulated through orbiting particles controlled by the player).

Nucleus:  Reacts to spheres (grows or decays depending on positive or negative sphere collision).

Story Overview

Plot Summary

Evil nuclear physicist Dr. Quaternion has discovered a new particle that resides at the center of an atom’s nucleus.  This particle holds immense destructive power, but only if it is obtained naturally – no atom smashing allowed!  Dr. Quaternion desperately wants to harness this power, so he has devised a way to breakdown a nucleus by dropping particles into an atom’s orbits and letting them “naturally” annihilate each other, destroying pieces of the nucleus in the process.  With each collision, Dr. Quaternion gets one step closer to the core!

You must stop him.  Luckily you have created your own device which allows you to directly interact with the particles orbiting an atom’s nucleus.  By forcing similar particles to collide, you can strengthen the nucleus, thus denying Dr. Quaternion access to this new destructive force.  You must protect the nucleus!

Story Board
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Character Bible

Dr. Quaternion: A brilliant, but evil (of course) nuclear physicist.  He has discovered a new core particle in atoms that holds immense power.  Like all evil geniuses, he wants to take over the world.

The Protagonist (a.k.a. the player):  While not a character in the truest sense of the word, the player must have some motivation for stopping Dr. Quaternion.  Because the player’s character is not explicitly described, this motivation is imagined and may be unique to each player.

Game Progression

Flowchart

​
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Level and Scene Details

Arcade Mode:

· Initial

· 2 orbits

· Starts with 3 particles on each orbit

· Starts with slow-moving particles

· Starts with only 2 different colors

· Starts with a 10-second nucleus decay rate
· As Difficulty Increases

· Orbits added (max 5 orbits)

· Particles per orbit increased (max 5 per orbit)
· Particle speed increases

· Number of different particle colors increases (max 7 colors)

· Nucleus decays faster

· Highest Difficulty Level

· Particle speed increases

· Nucleus has a maximum of 12 particles (from 44)
· Nucleus decays quickly (min 2-second decay rate)
Standard Mode:  

· Level 1

· Orbits: 2, large spacing

· Particles per Orbit: 3
· Particle Colors: 2

· Particle RPM: 3

· Time Allowed: 10 minutes

· Nucleus Decay: 1 particle every 10 seconds

· Goal: Get 10 combos

· Level 2
· Orbits: 2, large spacing

· Particles per Orbit: 3

· Particle Colors: 2

· Particle RPM: 3

· Time Allowed: 10 minutes

· Nucleus Decay: 1 particle every 10 seconds

· Goal: Get 3,000 points

· Level 3
· Orbits: 2, large spacing

· Particles per Orbit: 3

· Particle Colors: 2

· Particle RPM: 3

· Time Allowed: 10 minutes

· Nucleus Decay: 1 particle every 10 seconds

· Goal: Get five 3x clusters

· Level 4
· Orbits: 2, large spacing

· Particles per Orbit: 4

· Particle Colors: 2

· Particle RPM: 3

· Time Allowed: 10 minutes

· Nucleus Decay: 1 particle every 10 seconds

· Goal: Get two chains

· Level 5
· Orbits: 3, large spacing

· Particles per Orbit: 4

· Particle Colors: 3

· Particle RPM: 4

· Time Allowed: 10 minutes

· Nucleus Decay: 1 particle every 10 seconds

· Goal: Get 6,000 points

· Level 6
· Orbits: 3, large spacing

· Particles per Orbit: 4

· Particle Colors: 3

· Particle RPM: 4

· Time Allowed: 8 minutes

· Nucleus Decay: 1 particle every 9 seconds

· Goal: Get a 1,000 point combo

· Level 7
· Orbits: 3, large spacing

· Particles per Orbit: 4

· Particle Colors: 3

· Particle RPM: 4

· Time Allowed: 8 minutes

· Nucleus Decay: 1 particle every 9 seconds

· Goal: Get five 4x clusters

· Level 8
· Orbits: 3, large spacing

· Particles per Orbit: 4

· Particle Colors: 3

· Particle RPM: 4

· Time Allowed: 7 minutes

· Nucleus Decay: 1 particle every 9 seconds

· Goal: Get 20 combos
· Level 9
· Orbits: 3, large spacing

· Particles per Orbit: 4

· Particle Colors: 3

· Particle RPM: 4

· Time Allowed: 7 minutes

· Nucleus Decay: 1 particle every 9 seconds

· Goal: Get five chains
· Level 10
· Orbits: 4, small spacing

· Particles per Orbit: 4

· Particle Colors: 4
· Particle RPM: 5
· Time Allowed: 6 minutes

· Nucleus Decay: 1 particle every 8 seconds

· Goal: Get 10,000 points

· Level 11
· Orbits: 4, small spacing

· Particles per Orbit: 4

· Particle Colors: 4

· Particle RPM: 5

· Time Allowed: 6 minutes

· Nucleus Decay: 1 particle every 8 seconds

· Goal: Get 5 cascades

· Level 12
· Orbits: 4, small spacing

· Particles per Orbit: 4

· Particle Colors: 4

· Particle RPM: 5

· Time Allowed: 6 minutes

· Nucleus Decay: 1 particle every 8 seconds

· Goal: Get a 1,500 point combo

· Level 13
· Orbits: 4, small spacing

· Particles per Orbit: 4

· Particle Colors: 4

· Particle RPM: 5

· Time Allowed: 5 minutes

· Nucleus Decay: 1 particle every 8 seconds

· Goal: Get three 5x clusters points

· Level 14
· Orbits: 4, small spacing

· Particles per Orbit: 4

· Particle Colors: 4

· Particle RPM: 5

· Time Allowed: 4 minutes

· Nucleus Decay: 1 particle every 8 seconds

· Goal: Get 25 combos

· Level 15
· Orbits: 5, small spacing

· Particles per Orbit: 5

· Particle Colors: 5

· Particle RPM: 6

· Time Allowed: 5 minutes

· Nucleus Decay: 1 particle every 7 seconds

· Goal: Get 15,000 points

· Level 16
· Orbits: 5, small spacing

· Particles per Orbit: 5

· Particle Colors: 5

· Particle RPM: 6

· Time Allowed: 5 minutes

· Nucleus Decay: 1 particle every 7 seconds

· Goal: Get a 2,000 point combo

· Level 17
· Orbits: 5, small spacing

· Particles per Orbit: 5

· Particle Colors: 5

· Particle RPM: 6

· Time Allowed: 4 minutes

· Nucleus Decay: 1 particle every 7 seconds

· Goal: Get 10 cascades

· Level 18
· Orbits: 5, small spacing

· Particles per Orbit: 5

· Particle Colors: 5

· Particle RPM: 6

· Time Allowed: 4 minutes

· Nucleus Decay: 1 particle every 7 seconds

· Goal: Get four 6x clusters

· Level 19
· Orbits: 5, small spacing

· Particles per Orbit: 5

· Particle Colors: 5

· Particle RPM: 6

· Time Allowed: 3 minutes

· Nucleus Decay: 1 particle every 6 seconds

· Nucleus Size: Inner only (12 particles)

· Goal: Get 50 combos

· Level 20
· Orbits: 5, small spacing

· Particles per Orbit: 5

· Particle Colors: 5

· Particle RPM: 7
· Time Allowed: 3 minutes

· Nucleus Decay: 1 particle every 5 seconds

· Nucleus Size: Inner only (12 particles)

· Goal: Get 20,000 points
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Lessons Learned

Lesson 1:  Generating ellipses is non-trivial
I struggled for a long time on how to create the orbits in Nucleus.  The Windows GDI has a function for drawing ellipses.  The problem was, I didn’t just need to draw an ellipse.  I also needed the path of an ellipse, so the particles would know where to go.
After a few dead-ends, I soon realized I would need some form of point plotter.  The Bresenham algorithm was a natural place to start.  From there, I stumbled on C. Bond’s white paper for an ellipse plotting algorithm.  His algorithm uses the Bresenham as a base, but takes it one step further by accommodating ellipses with very sharp curves.  He was very forthcoming with his algorithm, and supplied me with the code that forms the basis of the ellipse generator found in Nucleus.
Lesson 2:  Picking is non-trivial
For clarification, “picking” is the process of selecting an object in a 3-D world with the mouse (a 2-D tool).  Why picking is not built into the DirectX 9 framework is beyond me.  Or if it is and I just don’t know about it, I could have saved myself a lot of time.  I struggled with this for some time before Google revealed the matrix math behind the problem.
Lesson 3:  Uniformly distributing points on a sphere is non-trivial
When creating the “nucleus” part of Nucleus, I knew I wanted to place particles so they formed a sphere.  But the standard sphere mesh (like the one generated by the DirectX Mesh object) does not have points that are uniformly distributed.
After a few unsuccessful attempts at creating a generalized algorithm for uniformly distributing points on a sphere, I decided to cut my losses and use fixed geometric models.  Hence the inner sphere forms an icosahedron (12 points) and the outer sphere forms a pentakis dodecahedron (32 points).

Lesson 4:  It’s the little details that get you
It’s not easy to go from game concept to complete game.  There were many small details I simply hadn’t thought about.  This wasn’t poor planning on my part - these were things I couldn’t have planned for ahead of time.  Some coding problems should have been easy but weren’t.  Some gameplay balancing could only be done by actually playing the game.
The lesson here is: you’re not going to think of every problem or situation ahead of time and put it in your design document, so make sure you put some extra time on your schedule for “intangibles”.  That being said…

Lesson 5:  Don’t start in the dark
While I’m not sure you would call this a true Design Document, it is definitely a thorough specification.  When I started coding, I had a firm jumping-off point.  I referred to this document numerous times during the development process, although it would seem I should have checked it a few more times.  Late in the development process I realized I hadn’t implemented some significant gameplay features (namely relative movement and cascades).  Luckily my code design was sound enough that I was able to add them in without too many complications.
I’m convinced Nucleus would have taken me two or three times longer if it weren’t for all this pre-planning.
Lesson 6:  We’ve come a long way
BASIC games aside, I started my game programming career with C++ and Microsoft DirectX 7.  Things have improved significantly since then.  DirectX 9.0c is a vast improvement over DX7.  The new SDK and sample framework make the whole process less impenetrable for beginners.  And while C# may be slower than C++, it prototypes faster and produces more readable, stable code (for me at least).
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