Blind cricket – functional testing

Implementing a physics engine
 

Using Director 3D lingo there are two methods of implementing a physics engine for realistic simulation of cricket. These come in the forms of the "Havok" and "PhysX" xtras. Xtras are essentially plugins that extend the functionality of Director/Shockwave. 
 

The Havok xtra was supplied with versions of Director from 8.5 through to MX (released in 2003), but ceased to be supplied from 2004 (due to licensing issues between the publishers). The xtra does still work if installed with newer versions of Director although may be incompatible with newer operating systems... 
 

The PhysX xtra has been supplied with versions 11 and 11.5 of Director. It can create rigid bodies of primitive and complex shapes and create terrains in the physics scene using static concave objects. The PhysX engine can detect and control events in the 3-D world through raycasting, through registering collision callback for colliding bodies and enabling/disabling callback for specific rigid bodies. It required extensive knowledge of Lingo and considerable setting up of events and objects through code. Given the better support (and compatibility) for the PhysX engine it was decided that this xtra would be used.
 

 

The dimensions and physics of cricket
 

The first step was to create a 3d world using realistic dimensions of cricket item. These are as follows:
Each bail shall conform to the following specifications
Overall length- 4 5/16 in/10.95cm
Length of barrel- 2 1/8 in/5.40cm
Longer spigot- 1 3/8 in/3.49cm
Shorter spigot- 13/16 in/2.06cm
A cricket ball is between 8 13/16 and 9 inches (22.4cm and 22.9cm) in circumference, and weighs between 5.5 and 5.75 ounces (155.9g and 163g)
The bat. The bat is no more than 38 inches (96.5cm) in length, and no more than 4.25 inches (10.8 cm) wide. The hand or glove holding the bat is considered part of the bat.
Law 8 The wickets. The wicket consists of three wooden stumps that are 28 inches (71.1 cm) tall. The stumps are placed along the batting 
crease with equal distances between each stump. They are positioned so they are 9 inches (22.86 cm) wide. 
Two wooden bails are placed on top of the stumps. The bails must not project more than 0.5 inches (1.27 cm) above the stumps, and must, for men's cricket, be 4 5/16 inches (10.95 cm) long.
The following objects were built in the 3d world: a cricket bat, a cricket ball, the ground, three stumps and two bails. A camera (viewer's perspective of the 3d world) was set up to be just behind the wicket, so that all of the action can also be perceived by onlookers/sighted users. For each 3d object in the world an equivalent "rigid body" object must be set up in the physics engine. Each of these rigid body objects has parameters that were tweaked until a "realistic" feeling simulation of a cricket environment was achieved. These parameters included "restitution" (the bounciness of the object), friction, mass (the weight of the object), linear damping (how much a moving object - i.e. the ball - will slow down) and "angular damping" (how much angular movement will slow down -e.g. the spin of the ball).
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Throwing the ball
In order to simulate the throwing of a ball at the batsman in the 3d space, various parameters and commands were tried. First of all various strengths of "force" were applied to the ball object. This would effectively make the ball move in a specific direction of x, y and z in the 3d space. By pressing SPACE the user could now throw a ball with random degrees of strength and direction (sometimes aimed directly at the wicket and sometimes to the side so that it would miss the wicket object). 
Additionally angular impulse could be applied to affect the "spin" of the ball as it was thrown. 

Once a realistic simulation of the ball physics was achieved a means of collision events was required. For example, when the ball hit a test "bat" object (in the first instance a static, "fixed" box) or wicket then we would need to (later) instigate a sound or action - e.g. rumble feedback or hitting sound. Collision call-back features of PhysX were successfully setup to achieve this.
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We were now ready to implement the 3d sound functionality.
Getting 3D sound to work with the physics engine
 

The 3D xtra was now implemented. In order for this to work the additional xtras "MPEG 3 Import Export" and "Sound Import Export" were required. The following parameters were required for the 3d sound environment in order for it to map to the visual 3d environment set up previously. For this to work:
 

+X is right
+Y is into screen
+Z is up
 

(This is known as the "right-handed" set up).
 

The sound source's default orientation was into the screen. The "listener" object would also initially be at the origin (i.e. x = 0, y = 0, z=0) with a default orientation into the screen (looking north if you will).
 

The listener position was then set to be at the same location as the bat, but set slightly higher - at 170cm from the ground to simulate a standing position.
 

Low quality / test sound recording were made. Sound objects were then assigned to the "ball" object, the "bat" object (for hitting sounds) and the wicket (for sound of wicket falling). An "ambient" background sound is also present.
 

After some experimentation a "roll-off" effect was applied to the ball sound. This affects what distance the ball sound can be heard and at what rate the noise increases as it gets closer to the listener.
 

Once the desired effect was achieved we were ready for implementation of the Wii Controller.
 

 

 

 

Connecting the Wii Controller
 

The Wii controller is connected to the computer using Bluetooth technology. This is very simple to do (see instructions document), although actually accessing the controller data is a different matter, as a data interface layer is required. Finding and getting such an interface to work proved to be one of the most difficult and time consuming tasks. Eventually the software called WiiFlash was discovered. This solved most of these issues as it provides an interface that can be accessed via Adobe Flash technology.
 

 

Getting data from the Wii Controller (using Flash)
 

A small Flash file was created through the use of AS3 (Actionscript 3). This connects to the WiiFlash server application through the use of a socket interface. This means that Wii controller data can be received from the controller. The initial test file returns the SensorX, SensorY, SensorZ, pitch, roll and yaw data from the controller as it is moved and rotated.
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Testing Wii controller feedback and response
 

The initial responses were found to be somewhat twitchy - a smooth movement would be hard to achieve. It was decided that the data needed to be interpolated in order to produce a smoother output. There was also a potential problem in the form of rotational "lock" - when the angle flips between 180 degrees to -180 degrees upon complete rotation. This is known as a gimbal lock. As the Wii controller deals more in the measurement of movement acceleration rather than precise degrees of motion, added to the fact that without the infra-red bar there is no sense of depth or space other than the rotational values, it was deemed that it would be difficult to simulate the true movement of a cricket bat into space without this sense of depth.
 

 

 

A simple "3d" test with Flash (using papervision) - car
 

This was a simple test to see if the interpolation of the data input would result in a smooth control system in a 3d space. Existing examples using Flash Papervision (3d code libraries for Adobe Flash) were implemented using the Wii controller as a means of steering and accelerating a car.
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The results were conclusive proof that a smooth motion system could indeed be achieved through the use of the Wii controller with Flash. The next step was to access that data using Director and Lingo.
 

 

Getting Wii controller data from flash to Director/Lingo
 

As Lingo and Actionscript can be used together in Director, and also that Director can read the attributes of Flash objects (or Sprites as they are known within the Director environment) it was a simple procedure to access the data received from the Flash "Wii controller object". A simple experiment was devised - to trace the data in an output window. This, as predicted, proved successful.
 

 

Applying Wii motion data to a 3d object using Lingo
 

A simple test was devised, whereby a 3d block would represent the rotational movement of the controller. Three dimensional rotational lock proved to be an obstacle here, causing the block to behave in unexpected and unstable ways.
 

 

Limitations of Wii controller data / accuracy + delay
 

Initial tests revealed that the Wii controller output is based more on inaccurate "acceleration" data, rather than truly accurate positional data. There is also no sense of space or depth. A slight delay was monitored between the movement and response of the returned data.
 

Using Infrared motion data
 

It was noted that some kind of limit on the degree of rotation in any one direction would have to be applied (e.g. limit to movement input to a 180 degree cone in any one direction). Where a traditional "vertical" stance of the bat was required it was found that the only reliable method of receiving positional data was to place the controller's IR (infrared) bar on the floor facing upwards, with the controller held pointing to the floor. This gave a sense of positional depth to add to the rotational data, and allows the user to "place" their bat in front of the wicket object. For the blind cricket stance (of holding the bat horizontally) the IR bar would have to be moved to either side, depending on whether the user is left or right handed, facing the user. The rotational values returned by the controller would instantly tell the application which hand is being used, although the IR bar would need to be moved (or another bar used).
 

Measuring head rotation
 

As the user's head will be moved to various positions and rotations, a truly realistic simulation is hard to achieve without that information. There is the possibility of using another IR bar or headset and another Wii controller pointed at the user to receive this data.
 

  

