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Part |. Introduction

We begin this book with some basic background information about Gadgeteer and the device drivers it
uses. This part iswritten primarily for programmers who are new to Gadgeteer and VR Juggler in gener-
al. Rather than including technical content in this part, we instead review concepts and goals to provide
new developers with an understanding of our motivations and our long-term goals for Gadgeteer.
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Chapter 1. Overview of Gadgeteer

Gadgeteer acts as a hardware device management system. It contains adynamically extensible Input
Manager that treats devices in terms of abstract concepts such as “positional,” “digital,” “gesture,” etc. It
also contains a Remote Input Manager that can share device samples between computers™. Most import-
antly, Gadgeteer provides device input for use with VR Juggler applications. As such, Gadgeteer was
designed from the beginning to be used with an ever-widening array of virtual reality hardware config-
urations.

Goals of Gadgeteer

Gadgeteer servesto hide input device hardware from programmers so that immersive software may be
written that can take advantage of awide variety of devices. This goal arises from previous experience
with software toolkits that tied immersive applications to specific devices, thereby limiting the portabil-
ity of the applications between immersive hardware configurations. With Gadgeteer, applications can be
written that migrate transparently between different hardware configurations with no required know-
ledge on the part of the application author relating to vendors, models, drivers, etc.

Gadgeteer categorizes input devices based on abstract input types. The categories are the following:

* Position

* Anaog
 Digita

* Glove

*  Gesture

* Simulator

Each of these is described in more detail below in the section called “Device Types'.

In this categorization, devices from different vendors may return data that maps to the same abstract
form. A single piece of hardware may even map to multiple input types, and more device types can be
added as new hardware becomes available. Application authors write their code in terms of abstract in-
put types, so aslong as adeviceis available that provides the needed input, the application can function.

Goals for Device Driver Authors

In keeping with the general goals of Gadgeteer, device driver authors should strive to achieve certain
goals for each device driver they write. In no particular order, we feel that the most important goals are
the following:

«  Portability
» Maintainability
IThe Remote | nput Manager provides the foundation for Cluster Juggler, the software that allows VR Juggler applications to be

run on a cluster of graphics workstations. For more information about Cluster Juggler refer to the Cluster Juggler Guide and to the
VR Juggler website [http://www.vrjuggler.org/].
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» Efficiency

e Modularity

For the most part, these goals are no different than those of any other software project. Nonetheless, we
will explain why each isimportant in the following subsections.

Portability

Gadgeteer is a cross-platform device management system, and as such, the devices it manages should be
usable on all platforms supported by Gadgeteer. While this may not always be possibl e2, devicedriver
authors should still attempt to make their drivers as portable as possible. The VR Juggler Portable
Runtime (VPR), introduced later in Chapter 2, Using the VR Juggler Portable Runtime, provides many
features that simplify the work of writing portable software. This appliesto device drivers as much as
any other piece of software, and thus, programmers should make use of VPR whenever possible.

Maintainability

Hardware tends to evolve over time, and new versions of a given device may be released. With new
hardware, the communication protocol may change, either through extensions or through extensive
changes. In order for Gadgeteer device drivers to be used with new hardware, a driver must be written so
that it can be maintained by other programmers. That means that a driver should be documented well,
and it should not use complex techniques to communicate with the hardware.

Based on our experience, we recommend that the following practices when writing a new driver:

» Do not “brute force” the driver implementation just to get something working. Implement the pro-
tocol clearly and completely.

» Do not hard-code maximum values to match alocal installation or the current limitations of the hard-
ware. For example, if apositional tracker at the local facility only has two trackers attached to it, do
not assume that everyone else has the same configuration.

» Do not do tricks with memory buffers. C and C++ provide very nice features for accessing blocks of
memory, so there is usually no need to do pointer math by hand. More often than not, ast r uct or
auni on will do amuch better job than an array of bytes.

Efficiency

Input devices used with virtual reality systems tend to sample at a much higher rate than the graphics are
rendered (1000 Hz versus 60 Hz). Thus, for a given frame, the driver may make tens or hundreds of
samples. Gadgeteer provides some facilities for efficient collection of samples, but ultimately, the driver
author must ensure that the driver will not overwhelm the local computer (or the network if the Remote
Input Manager is being used). On the other hand, minimizing input latency is very important in achiev-
ing good suspension of disbelief on the part of the user. Thus, it is not advisable to discard samples.

The key thing to keep in mind when writing a device driver for Gadgeteer is that the driver will be run-
ning asynchronously from the graphics. Usually, the sample rate will be limited by how fast the sample
can be read from the hardware, be it amemory access, a serial port read, or a network buffer read. A bal-
ance between low latency, memory efficiency, and possibly network efficiency must be found.

2There are various reasons why a given hardware device may not be usable between computers. For example, not al architectures
have parallel ports, and thus, a parallel port device could not be expected to be used where no port is available. In general,
however, the software device driver should not be the limiting factor in the use of a hardware device.

4
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Modularity

The current practices used in Gadgeteer encourage modularity of device drivers. Each driver should be
able to stand on its own as a single unit within the Input Manager. This philosophy allows individual
driversto be loaded on demand at runtime, and it simplifies compilation of driversthat are not supported
on all operating systems.




Chapter 2. Using the VR Juggler
Portable Runtime

In this chapter, we will review briefly key components of the VR Juggler Portable Runtime
[http://www.vrjuggler.org/ivapor/] (VPR) that will be used by Gadgeteer device driver authors. This
chapter is not meant to be a comprehensive description of VPR but rather a small guide to be used by
programmers new to Gadgeteer, VPR, and other modules used by VR Juggler. We assume that the read-
er has some familiarity with operating system programming, in particular with serial device /O, socket
1/0, and multi-threaded techniques. One or more of these will amost certainly come into play when
writing a device driver for use with Gadgeteer.

For those devel opers new to Gadgeteer and VPR, VPR provides an cross-platform, object-oriented ab-
straction layer to common operating system features. VPR isthe key to the portability of Gadgeteer,
Tweek, VR Juggler, and other middleware written at the Virtual Reality Applications Center. It has been
in development since January 1997, and it has grown to be a highly portable, robust tool. Software writ-
ten on top of VPR can be compiled on IRIX, Linux, Windows, FreeBSD, and Solaris, usually without
modification.

Internaly, VPR wraps platform-specific APIs such as BSD sockets, POSI X threads, and Win32 over-
lapped 1/0. Depending upon how it is compiled, it may also wrap the Netscape Portable Runtime
[http://www.mozilla.org/projects/nspr/index.html] (NSPR), another cross-platform OS abstraction layer
written in C. By wrapping NSPR, VPR provides devel opers with an object-oriented interface and gains
even better portability. These details are all hidden behind the classes that make up VPR, and users of
VPR do not need to worry about platform-specific details as aresullt.

Buffered I/O

Before discussing features of VPR useful to device driver authors, we must first understand how 1/O is
handled in VPR. All /O classes (file handles, serial ports, and sockets) share the base class

vpr : : Bl ockl O Reads and writes are performed using blocks of memory (buffers). This design
provides an API that more closely resembles that of the underlying operating system (with methods
caledread() andw i te()),butitisin contrast to stream-oriented 1/0O that is usually seen in C++.
Streams could be written on top of the buffered /O classes, but thus far, the need has not arisen. With
thisin mind, the design provides an APl that isimmediately familiar to programmers used to POSI X -
based interfaces, but the APl may seem clumsy to C++ programmers who are accustomed to using
std::ostream and friends.

Serial Ports

Most input devices used for virtual reality systems today make use of a computer's serial port for data
communication. For that reason, it isimportant that device driver authors have at least a basic under-
standing of the concepts behind the VPR serial port abstraction. In our experience, serial port program-
ming is not much different than other I/O programming. Implementing the communication protocol used
by a given device tends to be the hard part, and that will likely be the case regardless of the underlying
hardware.

The VPR serid port abstraction is based on the concepts implemented by the standard termios serial in-
terface used by most modern UNIX-based operating systems [Ste92]. As such, the API allows enabling
and disabling of a subset of the serial device featuresthat can be manipulated using termios directly. To
provide cross-platform semantics, however, some termios features are not included because thereis no
corresponding capability with Win32 overlapped I/O. Furthermore, any termios settings that relate spe-
cifically to modems are not included in the VPR serial port abstraction.
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Sockets
Note

Readers not familiar with socket programming should consult a reference manual ([Ste98] is
recommended). We do not attempt to explain the ins and outs of socket programming. Instead,
we assume that readers are familiar with socket-level 1/0 and the ideas involved with various
types of network communication.

The socket abstraction follows the concepts set forth by the BSD sockets API, which was also the model
for the Winsock APl used on Windows. In VPR, two types of sockets may be instantiated: stream-ori-
ented (TCP, vpr : : Socket St r eam and datagram (UDP, vpr : : Socket Dat agr am). The helper
classvpr: : | net Addr makesuse of Internet Protocol (v4) addresses easier. Built on top of

vpr:: Socket St r eamare two classes that make writing client/server code easier:

vpr:: Socket Connect or andvpr:: Socket Accept or. Thevpr: : Syst eminterface provides
cross-platform data conversion functions to deal with endian issues.

The utility of various socket classes will vary depending on the needs of agiven driver protocal. It is
usually safe to assume that the driver will connect to a server of some sort that will send out device
samples. Unpacking information from the samples may or may not be necessary, depending on the pro-
tocol. Such concerns are | eft entirely to the driver authors.

Threads

All device drivers written for Gadgeteer will process samplesin athread separate from the Input Man-
ager. We have chosen this design to avoid the complications that often arise from using non-blocking I/
O and to allow the drivers to act more as independent entities. Thus, it will be important to understand
how to use the VPR thread interface.

First and foremost, developers must always remember that Gadgeteer uses a shared-memory model for
all threads, regardless of the underlying platform-specific thread interface. This follows the lightwei ght
thread model set forth by the POSIX threads (pthreads) standard. With a shared-memory model, all
threads have access the same memory, and thus it will almost certainly be necessary to control accessto
shared variables. In most cases, the classvpr : : Mut ex will provide sufficient control over multi-
threaded data access.

Caution

Multi-threaded programming can be tricky, and it is not something that most people can jump
into without some background. Those devel opers who have not done multi-threaded program-
ming before should review a manual or other reference on the topic before beginning work on a
new driver. VPR threads are semantically similar to pthreads, and the concepts inherent in
multi-threaded programming (e.g., protecting critical sections) will be the same regardless of
the specific implementation. To learn more about pthreads specifically, we recommend

[Nicog].

Device driver authors will probably not have to do much with shared data access control because the
driver will operate almost entirely in the sample loop thread. Any other method invocations (starting the
driver, stopping it, configuring it, etc.) will happen in the Input Manager thread, and common memory
accesses have pre-defined hel per methods to simplify the work of driver authors. These details will be
explained further in later chapters.

Programmer Reference

The various VPR abstraction interfaces are documented extensively, and readers are encouraged to re-
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view the VPR Programmer Reference (refer to the VPR website [http://www.vrjuggler.org/vapor/] for
more information).

The VPR class names follow a standard convention, and understanding this can be helpful in navigating
the API documentation. Classes that wrap platform-specific interfaces are named as follows:

vpr:: <Type><Pl at f or . For example, the NSPR implementation of vpr : : Socket St r eamis
named vpr : : Socket St r eamNSPR. Here, <Type> is*“ SocketStream”, and <Platform> is“NSPR”".
Thefull list of platform names (as spelled in the class names) is as follows:

* Posix: Used for general POSIX-specified interfaces

» BSD: Used for the BSD socket wrapper classes

* Termios: Used for the termios serial port wrapper classes

» NSPR: Used for NSPR wrapper classes

*  SPROC: Used for the SPROC thread wrapper class

e Win32: Used for Win32-specific wrapper classes
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Part Il. Programming

In this part of the book, we explain how to write device drivers and add them to Gadgeteer. We begin
with a detailed description of device driver conventions in Gadgeteer and how the driversfit into the In-
put Manager. We then explain how drivers are configured using JCCL. Throughout the following
chapters, example code will be provided.
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Chapter 3. Drivers and the Input
Manager

Asits name suggests, the Input Manager isin charge of managing the active input devices and the
samples those devices return. Each device driver will hand off afreshly read sample (also known asa
sample buffer) to the Input Manager.

Drivers as Input Manager Plug-Ins

The Input Manager itself never cares about the true type of adevice. Instead, it looks at each driver asan
implementation of the gadget : : | nput interface. This design lendsitself well to a plug-in architec-
ture wherein drivers can be loaded at runtime without being compiled into Gadgeteer. Using the Gadget-
eer driver plug-in system, users can write their own device drivers without modifying Gadgeteer at all.
Indeed, they need not even compile Gadgeteer from its source. All that is needed is a binary installation
of Gadgeteer against which the user-written driver can be compiled.

Device Types

As of thiswriting, there are five key device types handled by the Input Manager:

1. Position: gadget : : Posi ti on
2. Digital: gadget:: Digi tal

3. Anadog: gadget : : Anal og

4. Glove gadget:: d ove

5.  Simulator: gadget : : Si ml nput , gadget : : Si nPosi ti on,gadget:: SinDigital,
gadget : : Si mnal og, gadget : : Si nld ove

Position

Positional input is usually collected from a six-degree-of-freedom (6DOF) tracker such as a Polhemus
Fastrak or an Ascension MotionStar. Thus, position devices in Gadgeteer return samples as standard 4x4
transformation matrices representing the position and orientation of a specific tracker. A tracker may not
be able to track all six degrees of freedom, and thisis allowed with the Gadgeteer position input type.

Digital

Digital input comesin discrete forms, as its name suggests. However, adigital devicein Gadgeteer
terms corresponds most closely with a button device that has an “on” state and an “off” state. In that re-
gard, amore appropriate name for a digital device within Gadgeteer would be a Boolean device, except
that Gadgeteer provides more than just two values for input from adigital device. Due to its frame-based
nature, Gadgeteer can tell users when the state of adigital device has changed since the last frame,
thereby allowing for up to four values to be returned from adigital device:

1. On: Thedeviceisin the on state.

11
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2. Off: Thedeviceisin the off state.

3. Toggle on: The device was in the off state during the last frame and changed to the on state this
frame.

4. Toggle off: The device was in the on state during the last frame and changed to the off state this
frame.

The management of the toggle states is handled by Gadgeteer; devices simply need to collect the raw on
and off values.

9

Analog input represents a continuous range of values. Of course, with digital computers, analog values
can only be simulated. In Gadgeteer, this simulation is performed using floating-point values.

At the application level, programmers get values from an analog device in the range 0.0 to 1.0 inclusive.
In other words, values returned by an analog device are normalized before they are returned to the ap-
plication. This allows applications to get analog input from a variety of analog devices without depend-
ing on a specific range of values returned by any given device.

re

ator

For each of the above, thereis at least one corresponding simulator device types. Such adevice standsin
for the corresponding “real” device when oneis not available. For example, when using aVR applica
tion on the desktop, a 6DOF position tracker is not usually available. Instead, the mouse and keyboard
could be used to stand in for the 6DOF tracker. Alternatively, a 3D graphical user interface (GUI) could
be written using GLUT to provide a more visually expressive desktop tracker stand-in.

The word “simulator” isabit of a misnomer. As noted above, these devices act more as stand-ins when
another device is not available. To a VR application, the data returned will look exactly the same, but
the input mechanism employed by the user will vary.

nput Mixer

The second version of the Remote Input Manager, introduced in mid-2002, implemented input distribu-
tion by sharing devices rather than proxies, as done in the origina version [OIs92]. This refactoring has
changed the class hierarchy for device drivers. Previously, classes such asgadget : : Di gi t al and
gadget : : Posi ti on derived from gadget : : | nput, and device drivers used multiple inheritance
to derive from one or more of gadget : : Anal og, gadget: : Di gi t al , etc.

With the introduction of gadget : : | nput M xer <S, T>, device drivers now derive from this single
template class. More information will be given in Chapter 5, Writing Device Drivers, but as an example,
consider adriver for apositional device. In VR Juggler 1.0 and in early versions of Gadgeteer, such a
driver class would have derived from gadget : : Posi ti on. Now, it would derive from gad-

3Gadgeteer is designed so that users may write new simulator devices. In fact, we encourage this so that we can expand on the
ways that various input types may be “simulated” for desktop use.

12
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get:: |l nput M xer<gadget:: | nput, gadget:: Position>. Useof gad-
get:: Il nputM xer<S, T>isrequiredif adeviceisto be used with the Remote Input Manager. If
the old class hierarchy is used (which is still allowed), the device cannot be shared between computers.

Note

As of thiswriting, the Input Mixer is not expected to be along-term solution. A future version
of Gadgeteer may do away with gadget : : | nput M xer <S, T>, and as such, driver au-
thors should be aware of potential API changes in the future.

13



Chapter 4. Device Driver Conventions

Before we get into the actual coding process, we must first explain the conventions we have used in
writing device drivers for Gadgeteer. We strongly recommend that all new drivers follow these conven-
tions as they have proven successful for us for many years.

Separation of Code

The most obvious convention that can be seen upon review of existing device driversis a separation of
the driver code into two pieces: a standalone, “low-level” driver and a Gadgeteer wrapper around the
standalone driver.

In this design, the standal one driver implements the compl ete hardware communication protocol without
using any features of Gadgeteer. As such, it stands completely on its own and does not need Gadgeteer
to be used. The result is that the driver can be tested and debugged without worrying that some part of
Gadgeteer could be causing the driver to malfunction. Driver authors can focus entirely on implement-
ing the hardware communication protocol so asto feel confident that the low-level driver isimplemen-
ted correctly.

Note

The standal one driver should use VPR to ensure portability. For example, adriver that will
communicate with the hardware via the serial port should use the VPR serial port abstraction.
For more information, refer to Chapter 2, Using the VR Juggler Portable Runtime and to the
section called “ Goals for Device Driver Authors’.

Tip

Thelow-level driver should have an easy-to-use interface that allows effective manipulation of
the driver state (starting, stopping, requesting a sample, etc.). To develop agood interface and
to test the standal one driver, write an application that creates an instance of the standalone
driver, starts the driver running, and collects samples. In writing the test application, the inter-
face can be matured for use by the Gadgeteer wrapper.

Around the low-level driver, a Gadgeteer wrapper is added. This wrapper makes use of the standalone
driver interface to activate the driver and read samples. The wrapper class will derive from one or more
of the Gadgeteer device types described in the section called “Device Types'. Instances of the wrapper
class will be handled by the Input Manager.

Tip
Do not put asample loop in the low-level driver. Instead, provide asanpl e() method in the

standalone driver API that the wrapper can call repeatedly. This allows the sample thread to be
managed by the Gadgeteer wrapper class.

14



Chapter 5. Writing Device Drivers

At long last, we have covered enough background information to explain how to add device drivers to
Gadgeteer. In this chapter, we will examine avery simple device that has an on state and an off state.
The general flow of this chapter will model the process that driver programmers would normally follow
when writing a new driver from scratch.

ldentifying the Device Type

Asdiscussed in the section called “Device Types’, there are a set of abstract device types supported by
Gadgeteer. Based on its capabilities, a new device will fall into at least one of the device type categories.
Itis perfectly valid for asingle device to provide more than one type of input. For example, an Immer-
sion Tech IBox returns both analog and digital data. Determining the device type for a new piece of
hardware should be the easiest part of the driver authoring process.

Implementing the Standalone Device Driver

The standalone device driver makes use of nothing in Gadgeteer. It can utilize dependencies of Gadget-
eer including VPR and GMTL, however. Reusing code from those projects is encouraged. In particular,
writing the driver on top of VPR allowsit to be much more portable than it would beif all the cross-
platform code were written from scratch. The reason that the standalone driver does not use Gadgeteer is
so that it can be tested without needing any of the complexity of the Input Manager, thereby allowing
easier, more direct debugging.

In most cases the standal one driver should be an implementation of the hardware communication pro-
tocol and nothing more. The standalone driver iswritten as a single C++ class that provides an interface
that the Gadgeteer wrapper class can call. The interface normally has methods such asopen() ,

sanpl e(),andcl ose() for opening the connection to the hardware, collecting a single sample, and
closing the connection to the hardware respectively.

The standalone driver class should return datait is most raw form in the majority of cases, but the data
should be meaningful. For example, if logic is needed to convert four bytes read from the hardware into
asingle floating-point value (afloat), that should be performed in the standalone driver. That sort of data
processing is part of implementing the communication protocol. However, processing such as unit con-
version should not be done in the standalone driver in most cases. Instead, such conversions should be
handled by the Gadgeteer wrapper class since that is where the unit configuration is done.

Typically, the standalone driver will not be multi-threaded. Instead, a method with a name such as
sanpl e() should be provided that returns a single sample. Then, test code and the Gadgeteer wrapper
class can call the sampling method in aloop which may or may not be run in athread.

With this design, the standal one driver class can be tested by writing a simple consol e application that
makes an instance of the class and invokes each of the methods. The application can be interactive so
that users can configure aspects of the driver and take samples. This makes debugging and data valida-

tion easy.

Implementing the Gadgeteer Wrapper Class

The Gadgeteer wrapper class has the job of passing samples read from the standal one driver off to the
Input Manager. Depending on the device type, a given sample must be of a certain form. Thisis where
sample buffers comeinto play. We will discuss sample bufferslater in this section, but the possible
sample buffer types are the following:

15



Writing Device Drivers

Choose the Base Class(es)

Asdiscussed earlier in the section called “Device Types’, al device drivers in Gadgeteer must derive
from one or more classes based on the device type. If adriver isto be used with the Remote Input Man-
ager (i.e., there exists adesire to share a device between two or more computers), then the base class
must be gadget::InputMixer<S, T> with appropriate device type classes given as the template paramet-
ers. If, for whatever reason, the device will not be used with the Remote Input Manager, it may derive
from one or more of the device type classes directly using multiple inheritance.

For example, to make a driver that registers button presses, derive from gadget : : Di gi t al :

cl ass ButtonDevice
publ i c gadget:: | nput M xer<gadget:: | nput, gadget::Digital>

Suppose that a joystick driver supporting buttons and movement is needed. In this case, an additional
component, this one for analog input, is needed for the X and Y axes. Since the device is both digital
and analog, its class must derive from both gadget : : Di gi t al and gadget : : Anal og using C++
multiple inheritance:

cl ass JoystickDevice
publ i ¢ gadget:: | nput M xer<gadget:: I nput,
gadget : : | nput M xer <gadget:: Digital,
gadget : : Anal og> >

Note

To usethe joystick in place of atracker, it should derive instead from gadget : : Posi ti on.
Thisway, you can replace real trackers with your joystick “pseudo tracker”. Themainideais
that to be able to replace one device with another, the alternate device class must derive from
the same base classes as the original device.

Using basic class declaration for But t onDevi ce from above, we will proceed with the implementa-
tion of the driver class. First, there are six member functions that must be implemented:

start Sanpling()

virtual bool startSanpling();

Within this function, anew thread is started. Thisthread is used to sample the data from the device. The
thread creation step may look something like the following:

vpr:: Thr eadMenber Funct or <But t onDevi ce>* functor =
new vpr:: ThreadMenber Funct or <But t onDevi ce>(thi s,
&But t onDevi ce: : sanpl eFuncti on,
NULL) ;
nrhread = new vpr:: Thread(functor);

The above creates a thread that will execute But t onDevi ce: : sanpl eFuncti on(), anon-static
member function in the class But t onDevi ce. Theimplementation of that method would be similar to
the following in most cases

voi d ButtonDevi ce:: sanpl eFuncti on(voi d* arg)
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/] Keep working until nRunning becones fal se.
while ( nRunning )

t hi s->sanpl e();

The thread can be tested for validity using the method vpr : : BaseThr ead: : val i d() .

st opSanpl i ng()

virtual bool stopSanpling();

The job of thisfunction isto kill the thread created in st ar t Sanpl i ng() .

sanpl e()

virtual bool sanple();

This method reads data from the device and storesit for later use by get Di gi t al Dat a() . Note that
But t onDevi ce: : sanpl eFuncti on() , defined above, invokes this method.

Gadgeteer devices typically use triple-buffered data management. This is done to ensure that datais not
being written into a buffer when the Input Manager istrying to read the most recent value. The gad-
get: : I nput classdefinesthree variables to help programmers keep track of which buffer isin use at
any giventime: gadget : : I nput: : current,gadget: : | nput::valid, andgad-

get: : 1 nput:: progress. The sampled datawould be read into a three-element array of the correct
type (thisis driver-specific). When writing the freshly sampled data into the array, use gad-
get::lnput::progress:

nSanpl edDi gi t al Dat a[ gadget : : I nput : : progress] = sanpl ed_di gi tal _val ue;

updat eDat a()

virtual void updateData();
Triple-buffered device drivers use this method to swap the data indices. The member function is usually
implemented as follows:
voi d ButtonDevi ce: : updat eDat a()
{
vpr:: Quard<vpr:: Mit ex> updat eGuard(| ock);

/1 Copy the valid data to the current data so that both are valid
nSanpl edDi gi tal Data[ current] = nBSanpl edDi gital Data[valid];

/1 swap the indices for the tri-buffer pointers
gadget : : | nput : : swapCurrent | ndexes();

Note theuse of avpr : : Guar d<> object to synchronize access to the nSanpl edDi gi t al Dat a ar-
ray. Thisis needed because the sampling and the reading are occurring in separate threads, but both
threads need accessto nsanpl edDi gi t al Dat a.

17



Writing Device Drivers

get El enent Type()

static std::string getEl enment Type();

Intheget El ement Type() function, the element type of the device must be returned. Its name must
be asit appears in the configuration definition file for the driver. For example, the implementation for
the simple button driver would appear as.

std::string ButtonDevice::getEl ement Type()

return std:string("ButtonDevice");

At thistime, it is useful to point out that every Gadgeteer device needs an element type associated with
it. An element typeis similar to a struct in C or C++. The data structure is defined in an configuration
definition file (which usually hasthe extension . j def ). Once defined, the type for a new driver can be
used in JCCL configuration files.

get Di gi tal Dat a()

virtual int getDigital Data(i nt devNum = 0);

The Input Manager uses this method to read digital data sampled by the driver. Thisiswhen the triple-
buffered data scheme becomes especially valuable. To provide the Input Manager with the most up-
to-date sample, usegadget : : | nput : : curr ent astheindex, as shown below:

i nt JoystickDevice::getDigital Data(int devNun)
return nBanpl edDi gi tal Data[current];

Note that in this example, the parameter devNumisignored. Thisis not aways the case. Indeed, this
button driver would likely have support for more than one button, and in that case, we would use
devNumasthe index into an array or vector containing data sampled from all the buttons.

get Anal ogDat a()

There are other methods that must be implemented depending on the classes from which a given driver
class derives. In the joystick example given earlier, the method get Anal ogDat a() would have to be
implemented in addition to get Di gi t al Dat a() . The prototype for get Anal ogDat a() is:

virtual float getAnal ogbata(int devNum = 0)
Thejoystick driver would use this to return values for the X and Y axes. The data here is more complex

because it would be for triple-buffered two-dimensional samples. An implementation might look similar
to the following:

float JoystickDevice:: get Anal ogDat a(i nt axis)
vpr ASSERT(axis >= 0 & axis <= 1 && "only 2 axes (x and y) available");

return nBanpl edAnal ogDat af current] [ axi s];
}

In thisdriver, the integer argument to the method is used to represent either the X or the Y axis. The as-
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sertion ensures that a valid axis index is passed.

Register the Driver with the Input Manager

Device driver registration is done through a template type called gad-

get: : Devi ceConst r uct or <T>. When thistype is used with a specia “factory function” called

i ni t Devi ce(),thedriver can be used as a plug-in to the Input Manager. While there are some
driversthat cannot currently be loaded dynamically, for those that can, we implement an “entry point”
functionnamed i ni t Devi ce(). Becausewe are dealing with C++ code, we must indicate to the
compiler that thisis a C function, so no name mangling should occur when its symbol table entry is cre-
ated. We do this by wrapping the function body inan ext ern " C" block. For cross-platform plug-in
capabilities, we use the GADGET_DRIVER_EXPORT() macro. On Win32 systems, thiswill add the
appropriate type modifiersto declarei ni t Devi ce() asafunction exported by the DLL that will be
compiled. For other platforms, the macro simply evaluatesto the void type. (These details are handled
withinthe Dr i ver Conf i g. h header.)

With all of that, we can now write the body for i ni t Devi ce() . No declaration in aheader fileis
needed because this function will be looked up dynamically at run time. The implementation of i ni t -
Devi ce() will appear inBut t onDevi ce. cpp asfollows:

#i ncl ude <gadget/ Devi ces/ Driver Config. h>
#i ncl ude <gadget/ Type/ Devi ceConst ruct or. h>
#i ncl ude "ButtonDevi ce. h"

extern "C'

{
GADGET_DRI VER_EXPORT(voi d) initDevice(gadget:: | nputManager* i nput Myr)

new gadget : : Devi ceConst r uct or <But t onDevi ce>(i nput Myr) ;

The new device driver can be compiled into a standalonelibrary (. so, . dl | ,or. dyl i b arethe usual
suffix choices for plug-ins). Thislibrary will act as the Input Manager plug-in. In thisway, thereis no
need to modify the Gadgeteer source code to add a new driver. Thus, the driver code is collected into a
cohesive unit that can be distributed as a plug-in (in other words, a component) for Gadgeteer.

Runtime driver registration depends on the Input Manager configuration. Assuming a UNIX-like envir-
onment, the Input Manager could be configured to load our driver plug-in using the following configura-
tion file:

<?xm version="1.0" encodi ng="UTF-8"?>
<?org-vrjuggler-jccl-settings configuration.version="3.0"?>
<configuration
xm ns="http://wwmv. vrjuggler.org/jccl/xsd/3.0/configuration”
name="Confi gur ati on"
xm ns: xsi ="http://ww.w3. org/ 2001/ XM_Schena-i nst ance"
xsi : schemalLocati on="http://wwmv. vrjuggl er.org/jccl/xsd/ 3.0/ configuration http://w
<el ement s>
<i nput _nanager nane="Button Devi ce |nput Manager" version="2">
<driver_pat h>${ HOVE} </ dri ver _pat h>
<driver>ButtonDevi ce_drv</driver>
</i nput _manager >
</ el ement s>
</ configuration>
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Here, the driver plug-inisnamed But t onDevi ce_drv. so (or some other platform-specific name),
and it isfound in the user's home directory.
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Chapter 6. Configuration

To configure a device, two things are needed:

1. Configuration files

2. Driver code that accepts the configuration

Configuration Files

Before configuring a device, a new configuration definition must be created. We recommend that this be
done using VRJConfig. For the button device, the definition file will be the following:

Example6.1. but t on_devi ce. j def : Configuration Definition File for Simple
Button Device

<?xm version="1.0" encodi ng="UTF-8""?>

<?org-vrjuggler-jccl-settings definition.version="3.0"7?>

<definition xmns="http://ww.vrjuggler.org/jccl/xsd/3.0/definition"
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena-i nst ance"
xsi : schemalLocati on="http://wwv. vrjuggler.org/jccl/xsd/3.0/definition h
nane="hbutton_devi ce">

<definition_version version="1" |abel ="My Button Devi ce">
<hel p>Confi guration for sinple one-button device. </ hel p>
<par ent >di gi t al _devi ce</ parent >
<cat egory>/ Devi ces/ Di gi t al </ cat egory>
<property val uetype="string" variabl e="fal se" nane="port">

e

<hel p>Serial port to which this device is connected. </ hel p>
<val ue | abel ="Port" defaul tval ue="/dev/ttydl"/>

</ property>

<property val uetype="integer" variabl e="fal se" nane="baud">

(3]

<hel p>Serial port speed. </ hel p>
<val ue | abel =" Baud" def aul t val ue="38400"/ >
</ property>
<upgr ade_transform >
</ definition_version>
</ definition>

“ This begins the definition for our device type. The nane attribute must be named asavalid XML
tag because it will be used as such in a configuration file. A free-form, human-friendly string may
be specified inthel abel attribute of thedef i ni ti on_ver si on element. This string will be
presented to the user of VRJIConfig, and as such, it should be a meaningful identifier.

E This declares the “port” property that will provide the name of the serial port to which the hard-
ware is connected. The serial port name will be interpreted as a string, and it has the default value
of “/dev/ttydl”. In the case of our simple button driver, there is no serial port, but we include this
property definition to demonstrate how the whole configuration definition works.

(3] This declares the “baud” property that will provide the baud setting for the serial port to which the
hardware is connected. The baud value will be interpreted as an integer, and it has the default value
of 38400 (kilobits per second). In the case of our simple button driver, thereis no serial port, but
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we include this property definition to demonstrate how the whole configuration definition works.

Note

In the above configuration definition, we do not declare a“device_host” property, whichis
used in conjunction with the Remote Input Manager. Thisis not necessary because we have de-
clared our parent typeto be “digital_device’, and we inherit its property definitions. All drivers
that may be used with the Remote Input Manager must have the “device_host” property, and
configuration definition inheritance ensures that this will be the case. Refer to the Cluster Jug-
gler Guide for more information about this property.

For a more complex device, a more complex configuration definition may be needed. Again, the VRJ-
Config configuration definition editor simplifies the creation of this definition.

Once the configuration definition isin place, a new configuration element can be created. Once again,
VRJIConfig makes the step easier. The following is an example configuration file that configures the
one-button device we have been using thus far:

Example 6.2. but t on_devi ce. j conf: Configuration Filefor Simple Button
Device

<?xm version="1.0" encodi ng="UTF-8""?>
<?org-vrjuggler-jccl-settings configuration.version="3.0"7?>
<configuration xm ns="http://ww. vrjuggler.org/jccl/xsd/3.0/configuration"
nane=" Conf i gurati on"
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"
xsi : schemaLocati on="http://ww. vrjuggl er.org/jccl/xsd/ 3.0/ configura
<el ement s>
<i nput _manager name="Button Device |nput Manager"
versi on="2">

<dri ver _pat h>${ HOVE} </ dri ver _pat h>
<driver>ButtonDevi ce_drv</driver>

</i nput _manager >

<button_devi ce nane="Button Device" version="1">

<port>/dev/ttyd4</port>
<baud>9600</ baud>
<devi ce_host />

</ button_devi ce>
</ el ement s>
</ configuration>

@

onlJecn)

“ Thei nput _nanager element configures the Gadgeteer Input Manager. In this case, we are
telling the Input Manager about a driver plug-in, found at ${ HOVE} / But t onDevi ce_dr v. so,
that should be loaded at runtime.

a Next, we have an instance of the configuration definition shown in Example 6.1,
“button_device.jdef: Configuration Definition File for Simple Button Device”. As described
above, <but t on_devi ce> is named based on the namne attribute of thedef i ni t i on element
in our configuration definition file. The nanre attribute here gives this instance a unique identifier.

E’ Now, we set the value for the seria port name. As noted above, our simple button device does not

actually use the serial port, but this demonstrates how the property valueis used in a configuration

file. If no value were given here, the default value set in but t on_devi ce. j def would be used.

This provides avalue for the seria port baud setting. Again, thiswill not actually be used by our

simple device, but we show it here to give a complete example.

For our example, we will not fill in avaluefor devi ce_host because we are not dealing with

the Remote Input Manager. Refer to the Cluster Juggler Guide for more information about this.

@ 9
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Writing Code that Accepts the Configuration

In the driver, there are two methods that must be implemented in order to handle config elements:

static std::string ButtonDevice::getEl ement Type();

When the configuration changes, the JCCL Configuration Manager asks every registered configura-
tion handler for their respective configuration element types. If the type matches the type of the
newly received configuration element, then the handler'sconf i g() method isinvoked. All device
drivers are configuration handlers and thus need to indicate the configuration element type they ac-
cept. The type value is returned by this method, and the implementation for our simple driver isthe
following:

std::string ButtonDevice:: get El enent Type()
{

return std::string("ButtonDevice");

Note that the string returned matches the token we defined in Example 6.1, “button_device.jdef:
Configuration Definition File for Simple Button Device”.

virtual bool gadget::Input::config(jccl::ConfigElenentPtr e);

When the Configuration Manager detects a configuration change for a given driver, it will passthe
new j ccl :: Confi gEl ement Pt r object asthe parameter to this method. For more information
about how to useinstancesof j ccl : : Confi gEl erment Pt r, refer to the JCCL Programmer's
Reference. The following is a simple example for the basic button device we have used thus far:

bool ButtonDevice::config(jccl::ConfigEl ementPtr e)
if (! gadget::Digital::config(e) )

return fal se;

}

nmPort Nane = e->get Property<std::string>("port");
nmBaudRat e = e->get Property<int>("baud");

return true;
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Appendix A. Complete Device Driver

Code

Standalone Driver

Gadgeteer Wrapper

Now that we have explained the concepts involved in adding a device driver to Gadgeteer, we can show
some code. The following exampleisfor afictitious piece of hardware that has only one button.

Example A.1. But t onDevi ce. h

1 #ifndef _MY_BUTTON DEVI CE_H_
#define _MY_BUTTON DEVI CE_H_

10

15

20

25

30

35

40

4

#i

#i
#i
#i
#i
#i

ncl ude <gadget/ Devi ces/ Driver Config. h>

ncl ude <stdlib. h>

ncl ude <vpr/vpr. h>

ncl ude <vpr/ Thread/ Thr ead. h>

ncl ude <gadget/ Type/ | nput. h>

ncl ude <gadget/ Type/Digital . h>
ncl ude <gadget/ Type/ | nput M xer. h>

cl ass ButtonDevice

publ i c gadget:: I nput M xer<gadget: : I nput,

{
public:
But t onDevi ce()
nSanpl eThr ead( NULL)
, MRunni ng(fal se)

{

/* Do nothing. */

}

vi rtual

{

~But t onDevi ce()

if ( mRunning )

t hi s->st opSanpl i ng();

}

vi rtual
vi rtual
vi rtual
vi rtual

voi d updat eDat a() ;

bool
bool
bool

start Sampl i ng();
sampl e() ;
st opSanpl i ng();

static std::string getEl ement Type();

/**

gadget::Digital >
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* I nvokes the gl obal scope delete operator. This is required for proper
* releasing of menory in DLLs on Wn32.
*/

45 voi d operator del ete(voi d* p)

;. operator delete(p);

50 protected:
/**
* Deletes this object. This is an inplenentation of the pure virtua
* gadget:: |l nput::destroy() nethod.
*/
55 virtual void destroy()

delete this;

}

60 private
static void sanpl eFuncti on(voi d* cl assPointer);
i nt nDi gi t al Dat a;

vpr:: Thread* nBanpl eThread
65 bool nmRunni ng;

/1 configuration data set by config()
std::string nPor t Nane;
i nt nBaudRat e;

70 };

#endi f

Example A.2. But t onDevi ce. cpp

1 #incl ude <gadget/ Devi ces/DriverConfi g. h>

#i ncl ude <vpr/vpr. h>
#i ncl ude <vpr/System h>
5 #i ncl ude <gadget/ | nput Manager . h>
#i ncl ude <gadget/ Type/ Devi ceConstructor. h>

#i ncl ude "ButtonDevice. h"

10
usi ng nanespace gadget;

extern "C'

15
GADGET_DRI VER_EXPORT(voi d) initDevice(lnputManager* i nputMr)
{

new Devi ceConstruct or <ButtonDevi ce>(i nput Myr);
}
20

}

/[** Returns a string that matches this device's configuration elenent type. */
std::string ButtonDevice:: get El enent Type()
25 {
return std::string("MButtonDevice");
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30

35

40

45

50

55

60

65
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80

85

90
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if (! Digital::config(e))

return fal se;

}

mPor t
nmBaud

return true,

}

/: When the system detects a configuration change for your driver, it wll

/  pass the new jccl::ConfigElenent into this function. See the docunentatio
/  on config elenents, for

ool ButtonDevice::config(jccl::ConfigElementPtr e)

informati on on how to access them

e->get Property<std::string>("port");
e- >get Property<int>("baud");

voi d ButtonDevi ce: : updat eDat a()

i{f ( nRunning )

swapDi gi tal Buffers();

}

/**

* Spanws the sanple thread, which calls MyButtonDevice::sanple() repeatedly.

*/

bool ButtonDevice::startSanpling()
{

nRunni ng = true;

nSanpl eThread = new vpr:: Thread(t hreadedSanpl eFunction, (void*) this);

/] thread creation failed

return true; // thread creation success

* Records (or sanples) the current data. This is called repeatedly by the

if (! nBanpleThread->valid() )
{
nmRunni ng = fal se;
return false;
el se
{
}
}
/**
*/

* sanple thread created by start Sanpling().

bool ButtonDevice::sanpl e()

bool status(false);

i{f ( nRunning )

/1 Here you would add your code to sanple the hardware for a button

/'l press:

std::vector<Digital Data> sanpl es(1);
sampl es[0] = 1;
addDi gi t al Sanpl e(sanpl es);

/1 Successful
status = true;

sanpl e.
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return status;

}

95 /** Kills the sanple thread. */
bool ButtonDevice: :stopSanpling()

{

nRunni ng = fal se;
100 i f (mBanpl eThread != NULL)
{
nSanpl eThread->kill (); // Not guaranteed to work on all platformns

nSanpl eThr ead- >j oi n() ;
del et e nSanpl eThr ead,;

105 nSanpl eThread = NULL;
return true;
}
110 /**
* Qur sanpling function that is executed by the spawned sanpl e thread.
* This function is declared as a static nenber of MyButtonDevice. It sinmply
* calls MyButtonDevice::sanple() over and over.
*/
115 voi d ButtonDevice: :t hreadedSanpl eFuncti on(voi d* cl assPoi nter)
{

Butt onDevi ce* this _ptr = static_cast<ButtonDevice*>( classPointer );

/1 spin until soneone kills "nBanpl eThr ead"
120 while ( this_ptr->nRunning )

this _ptr->sanple();
vpr::System:sleep(l); //specify sonme tinme here, so you don't waste CPU c

125 }

Makefile Templates

Thefollowing isan example Makef i | e. i n that could be added to the Gadgeteer build system.
Example A.3. Makefi | e. i n for Gadgeteer Build System
1 default: all

# I ncl ude conmon definitions.
i ncl ude @ opdir @ make. defs. nk

5

DRI VER _NAME= But t onDevi ce
srcdir= @Gredir@
top_srcdir= @op_srcdir@

10 I NSTALL= @ NSTALL@
| NSTALL_FI LES=
SUBOBJDI R= $( DRI VER_NAME)
C AFTERBUI LD= driver-dso

15 SRCS= But t onDevi ce. cpp \

Dri ver St andal one. cpp
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i ncl ude $(MKPATH)/ dpp. obj . nk
i nclude @opdir@driver.defs. nk
20

# I ncl ude dependenci es generated autonatically.
-
i fndef DO_CLEANDEPEND
25 i fndef DO _BEFOREBUI LD
-incl ude $(DEPEND_FI LES)
endi f
endi f

The following is amakefile for adriver that is built outside of the Gadgeteer source tree.

Example A.4. M akefile for Use Outside Gadgeteer Source Tree

BUI LD_TYPE= dbg

DRI VER_NAME= button
SRCS= but t ondevi ce. cpp

i ncl ude $( GADGET_BASE_DI R)/ shar e/ gadget eer/ gadget . dri ver. nk
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Glossary of Terms

B

BSD sockets

Netscape Portable Runtime

VR Juggler Portable Runtime

The socket programming interface introduced with the Berkeley
Software Distribution version of the UNIX operating system. Itis
made up of acollection of system calls that alow highly flexible
socket programming. Most UNIX variantsin use today use the BSD
sockets API. Moreover, the Winsock API used on Windows is based
on thisAPI.

More information can be found at ht-
tp://www.mozilla.org/projects/nspr/index.html

More information can be found at http://www.vrjuggler.org/vapor/
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