Chapter 7
Human Interface Devices
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Types of Human Interface Devices






Magnavox Odyssey, released in 1972, was the first video game console.



http://en.wikipedia.org/wiki/Magnavox_Odyssey




Interfacing with a HID



Polling

Some simple devices, like game pads and old-
school joysticks, are read by polling the hardware

periodically (usually once per iteration of the main
game loop).

This means explicitly querying the state of the
device, either by reading hardware registers
directly, reading a memory-mapped I/O port, or via
a higher-level software interface (which, in turn,

reads the appropriate registers or memory-mapped
/O ports).



Interrupts

An interrupt is an electronic signal generated by the
hardware, which causes the CPU to temporarily
suspend execution of the main program and run a
small chunk of code called an interrupt service
routine (ISR).

Interrupts are used for all sorts of things, but in the
case of a HID, the ISR code will probably read the
state of the device, store it off for later processing,

and then relinquish the CPU back to the main
program.



Wireless
Devices

The inputs and outputs of a Bluetooth device, like
the WiiMote, the DualShock 3 and the Xbox 360
wireless controller, cannot be read and written by
simply accessing registers or memory-mapped
/O ports. Instead,thes of t war e must
device via the Bluetooth protocol.

The software can request the HID to send input
data (such as the states of its buttons) back to
the host, or it can send output data (such as
rumble settings or a stream of audio data) to the
device.




Types of Inputs



Digital Buttons

In software, the state of a digital button (pressed or not
pressed)isusuallyr epresented by a singl e &
common for O to represent not pressed (up) and 1 to

represent pressed (down).

But again, depending on the nature of the circuitry, and
the decisions made by the programmers who wrote
the device driver, the sense of these values might be
reversed.



typedef struct XINPUT GAMEPAD
WORD wButtons;
EYTE bLeftTrigger;
EYTE DbRightTrigger:

SHORT sThumbLX;
SHORT sThumbLY ;

SHORT sThumbRX;
SHORT sThumbRY;
} XINPUT GAMEPAD;



#define
fdefine
fdefine
fdefine
fdefine
fdefine
#define

fdefine

Hdefine

XINPUT GAMEPAD DPAD UP
XINPUT GAMEPAD DPAD DOWN
XINPUT GAMEPAD DPAD LEFT
XINPUT GAMEPAD DPAD RIGHT
XINPUT GAMEPAD START
XINPUT GAMEPAD BACK
XINPUT GAMEPAD LEFT THUME
XINPUT GAMEPAD RIGHT THUME

XINPUT GAMEPAD LEFT SHOULDER
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Analog Axes and
Buttons

An analog input is one that can take on a range of
values (rather than just O or 1). These kinds of
Inputs are often used to represent the degree to

which a trigger is pressed, or the two-dimensional
position of a joystick
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Relative Axes

The position of an analog button, trigger, joystick, or thumb stick is
absolute, meaning that there is a clear understanding of where zero
lies. However, the inputs of some devices are relative .

For these devices, there is no clear location at which the input value
should be zero. Instead, a zero input indicates that the position of the
device has not changed, while non-zero values represent a delta from
the last time the input value was read. Examples include mice, mouse
wheels, and track balls.



These are relative analog inputs, much
| 1 ke a moedimersionsal axesy o

When the controller is not accelerating
these inputs are zero, but when the
controller is accelerating, they
measure the acceleration up to 3 g
along each axis, quantized into three
signed 8-bit integers, one for each of X,
y, and z.

Accelerometers o



3D
Orientation
with the
WiiMote or
Sixaxis

A trio of accelerometers can be used to
detect the orientation of the WiiMote or
Sixaxis joypad, because of the fact that we
are playing these games on the surface of
the Earth where there Is a constant
downward acceleration due to gravity of 19
(a 9.8 m/ s

If the controller is held perfectly level, with
the IR sensor pointing toward your TV set,
the vertical (z) acceleration should be
approximately i 1 g.



The WiiMote has a unique feature
not found on any other standard
console HIDA an infrared (IR)
sensor. This sensor Is essentially a
low-resolution camera that records
a two-dimension infrared image of
whatever the WiiMote is pointed at.

Cameras




Sensor Bar
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Figure 8.8. The Wii sensor bar houses two infrared LEDs which produce two bright spots on
the image recorded by the WiiMote's IR camera.



Types of Outputs
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ForceFeedback

AForce feedback is a technique in
which an actuator on the HID is
drivenby amotor in order to slightly
resist the motion the human
operator Is tryingo impartto it.

Alt is common in arcade driving
games, where the steeringheel
resistsi K S LJattendpEo\iRrit,
simulatingdifficult driving conditions
or tightturns.




Audio

AAudio is usually a staralone engine
system. However, some HIpsovide
outputsthat can be utilized by the
audio system.

AForexample, thaNiiMote containsa
small, lowquality speaker.

ATheXbox 360 controller hasleads
jackand can be used just like an
audio device for both output \
(speakers) anthput (microphone).
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Other Inputs
and
Outputs?
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Game Engine HID Systems



RAW Data>Messaging and Abstracties GAME




Dead Zone

A joystick, thumb stick, shoulder trigger, or any other analog axis
produces input values that range between a predefined minimum and
maxi mum val ue, I|vahdil.c h weoOl | cal l

When the control is not being touched, we would expect it to produce a
steady and clear nundi stlur bedo val

The undisturbed value is usually numerically equal to zero, and it either
lies half-way between I..and |..for a centered, two-way control like a
joystick axis, or it coincides with I..for a one-way control like a trigger.



Analog

Signal combiningt h e
Filtering filtered input.

current

A discrete first-order low-pass filter can be implemented by

unfi |l tered

F32 lowPassFilter (F32 unfilteredInput,

f(t)=(1—a)f(t— At)+au(t),

A
 RC+ At

a

F3i2 lastFramesFilteredInput,
F32 rec, F32 dt)

F32 a = dt / (rc + dt);

return (1 - a)

* lastFramesFilteredInput

+ a * unfilteredInput;

n



Detecting
Input
Events

Button up/down event (change in state)
ButtonDowns= (prevButtonStates”ButtonStat¢s# ButtonStates

Chords(Multiple simultaneous Buttons)
How do you tell chord from individual buttons?
a) Use button effect plus the chord effect
b) Delay button effect or effect only upon release
c) Chord effect preempts button effects

Tappingand Sequences .
Comparen ¢ @ 2 Y E Hfmin, if greaterdrop/reset




Figure 8.10. Detecting circular rotations of the stick by dividing the 2D range of stick inputs
into guadrants.



Managing

M UItlple Most game machines allow two or more HIDs to be attached for
HIDs for multiplayer games.

M UItlple The engine must keep track of which devices are currently

Players attachedand route each oneés inputs
In the game. This implies that we need some way of mapping
controllers to players.

This might be as simple as a one-to-one mapping between
controller index and player index, or it might be something more
sophisticated, such as assigning controllers to players at the
time the user hits the Start butt on.






CrOSS #if TARGET XBOX360
if (ButtonsJustWentDown (XB360 BUTTONMASE A))

P | atfo rm #eliiff TARGET PS3

(ButtonsJustWentDown (PS3 BUTTONMASKE TRIANGLE) )

H | D SyStemS #elif TARGET WII

if (ButtonsJustWentDown (WII BUTTONMASK A) )
fendilf

{
}

// do something...

For example, if our game is to ship on Xbox 360 and PS3, the layout of the
controls (butt ons, axes and triggers) on these two joypads are almost
identical.

The controls have different ids on each platform, but we can come up with
generic control ids that cover both types of joypad quite easily.



Input ReMapping

Digital buttons. States are packed into a 32-bit word, one bit per butt on.

Unidirectional absolute axes (e.g., triggers, analog buttons). Produce
floating-point input values in the range [0, 1].

Bidirectional absolute axes (e.g., joy sticks). Produce floating-point
iInput
values in the range [i 1, 1].

Relative axes (e.g., mouse axes, wheels, track balls). Produce floating-
point input values in the range [1 1, 1] , where £1 represents the maximum
relative off set possible within a single game frame (i.e., during a period
of 1/30 or 1/60 of a second).



ContextSensitive Controls

Aln many games sing]egotéysical contredn havaifferent fynctions, . 5
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the characteto openthe door. If it is pressed while standing near an object,
It might causehe playercharacter to pick up the object, and sa on

AAnothercommon examplés amodal control schemaVhen the player is
walking around, the controlse usedo navigate and control the camera.

AWhenthe player is riding @ehicle, thecontrols are used to steer the
vehicle, and the camera controls midpet differentas well.






