PODs. PEL Object Devices
Franklin E. Sorenson

1 Introduction

Artigts, industriad designers, and technica researchers are often interested in attaching various devices to
computers for use with gpplications they are creating. These devices usudly measure something or
perform actions, and include devices such as temperature sensors, sonar distance rangers, lights or
other displays, and motors.

Many sensors, motors, and other devicesexist. They take anumber of forms, and have very different
interfaces. Mogt devices, however, are provided with an interface that is either too high-level or too
low-leve for potentid users.

High-levd interfaces often require a specid interface card or provided software, or don't have any
computer reedable interface. Low-leved interfaces require resstors, andlog to digital converters,
various smdl parts, or aknowledge of circuit design and congtruction techniques.

For example, one temperature sensor produces a certain voltage to represent the temperature, while
another has eight digita outputs indicating the temperature within arange. Another plugsinto the wal
and displays the temperature on its own screen, while yet another isapart of an entire weether station,
requiring aspeciad computer card and the software provided by the manufacturer.

Thisdiversty in an interface partidly demondrates the difficulty in connecting these devicesto
computers. Since each device is unique, even someone skilled in eectronic design may have atough
time controlling them with or connecting them to acomputer. If none of the methods provided is
appropriate for the designer or end application, decisons must be made as to which method to use, and
how to modify it for the designer’ sneed. Thismay involve specid 10 boards or an attempt to modify
the custom software. Very few devices and systems provide a solution where the hardware and
Software interface at the right point for someone desiring to integrate them into their gpplication.

For many people, an interface that istoo high-level or low-level prevents or delays them from
accomplishing their end task. They may oend large amounts of time finding and collecting just the right
interface and parts, reverse engineering an undocumented library, or building the device, when they're
much more interested in using the device for itsintended purpose. They often have creetive, high-leve
concepts of what functions they’ d like the device to perform. They want the device to interact with
their existing programs, and are concerned with the information produced or actions performed by the
end product.

Their skill generdly liesin the use of the device (and its information or function), rather than its crestion.
Many people are interested in a solution thet liesin the middle, between high-level and low-levd.
Sensors and active devices should be smple, dependable, and cost-effective [1], and have auniform
interface. This alows people to concentrate on building and using their entire project, rather than the
detailed tasks required for each individual device.
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1.1 Applicationsfor computer control of hardware

Devices which perform actions or measure some eement of the environment around them are used
heavily in robotics. Common devices include motorized wheds, gripping hands, and light or distance
sensors. When combined with a centra controller, these devices allow robots to interact with the
world around them.

An example of how these devices are combined is the Mars Pathfinder and Sojourner Rover
combination. These contained several cameras and lasers for distance measurement, severa
temperature sensors, wind socks to measure wind characteristics, and pressure sensors and
accderometers to gather useful information during its descent [2]. This information was then relayed
back to Earth, or used to help guide the rover on the surface of Mars. Robots such as Sojourner are
specidly designed by engineers for the functions they will perform [3].

While some robotic systems have specific congraints which require an individua engineering process,
many others are purchased pre-built. Additiona sensors and effectors may often be purchased and
attached later [4]. Thisdlows the robot to be used quickly in higher-level applications, including
meachine learning and control agorithms, such as teaching arobot to follow aline or avoid obstacles, or
measuring environmental conditions.

Sensors and effectors are also used in a number of systems such as security systems, computer rooms,
and other remote or environmental monitors. These systems often involve motion detectors and
temperature sensors to detect problems, and darms, Srens, warning lights, and other means of derting
the end user of problems. These syslems may be purchased (as a unit or in pieces) or engineered.

In Stuations like Sojourner, NASA had the time, money, and expertise to design and build an entire
robot system from the ground up. However, researchers usudly do not want to spend the first year of
aproject collecting and assembling dl the pieces before they can begin performing their higher-leve
sudies. Buying pre-built products can be costly as well, and the product may not perform the correct
range of functions.

For many of these applications, the end user would benefit grestly from a middle-of-the-road solution
that alows device contral at the right level. End users are generdly concerned about the time and
money involved, and usudly have expertise in other fields. In these cases, a pre-built solution can be
very codlly, and reverse-engineering current products or designing something from the ground up
requires more time, work, and in-depth electronic knowledge.

1.2 Previouswork

Some work has been done in an attempt to smplify communications between a controller and various
devices. There are severd kits which contain various motors, gears, sensors, and connecting wires.
These kits are often hobbyist kits, or are gpproached from a Human Computer Interaction (HCI)
standpoint. Both approaches can be useful in different Stuations, but there are many cases where
neither isimplemented at the right leve for the studies researchers are interested in.
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Lego Mindstorms are Lego kits containing a computer module (the RCX) and a number of Technics
parts[5]. Mindstorms have enjoyed alarge following, and many people have designed sensors and
other systemsfor usewith it [6]. The RCX contains asmall computer controller which can be
programmed through infrared from aPC. RCX can only communicate directly with three sensors and
three motors, limiting its cgpabilities.

Robatix [7] billsitsdf as*amotorized modular building sysem.” Motors, grippers, jaws, and winches
are controlled usng a small hand-held remote module. Commands are given on the fly, so the device
does not gpply higher-level idess.

Phidgets[8, 9, 10] are devices and software designed to “abstract and package input and output
devices’ to hide implementation and congtruction details. They are Smilar to graphica user interface
widgets and expose functionality through an API. Phidgets require a connection manager to manage
devices which are online, and have a smulation mode, where the programming interface can be used
without an attached device.

Though Phidgets are implemented from the HCI standpoint, their interface is bulky and specific to
Visud Basic, COM, and ActiveX in Windows. Their API can be useful to some researchers, but they
can be complex devicesto work with.

Xerox PARC [11] has performed anumber of experiments related to modular robots. These robots
cons st of anumber of smilar parts connected together, programmed to work together asasingle
robot.

In[12], students designed and built asmall robot from various parts. The pieces were connected with
a 2400 baud serial communication bus, and contained microcontrollers. One part acted as a master,
sending commands to dl the other modules.

OOPic [13] isaprogrammable PIC microprocessor that can be programmed to function as a number
of objects, including hardware, processing, variable, and system objects. These objects smplify
connection of the OOPic with hardware devices, and dlow severd OOPics to communicate with each
other.

1.3 Proposed work

In my thesis, | will create a new sort of device, which | call aPOD (or PEL Object Device). These
devices will be smart devices, and will be cgpable of reporting information requested or performing
tasks. To amplify their connection and computer control, | will define an environment for building and
communicating with the PODs. They will contain microcontrollers, and will communicate directly with a
user program or with a connection manager over asmplified USB link.

Within a POD-based system, the microcontrollers alow the devices to contain methods through which
they can be controlled from the host Side. A connection manager alows programs to communicate
with al connected PODs over asingle port. This closes the connection between the device and the
programmer, dlowing asmple and uniform programming interface.
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All PODs will respond to severd required commands. These commands include:
® Regueststo identify the device type (and uniquely defineit in some cases)
® Query the device for the location (such asaweb URL) of drivers and AP information
® Reset the device

In addition, each device type will dso respond to a number of specific commands for that type, such as
atemperature sensor reporting temperature, measurement type (for example F or C or K), and useful
range (such as 0°-120°).

Since PODs are essentialy objects, they can take advantage of the properties of object-oriented
design. For example, amotor isasmple device which can understand things such as direction of spin
and rotationa velocity, and a powered whed would inherit al the properties of amotor and add more,
such aswhed radius and actua linear speed. A thermodtat could contain dl the methods of a
thermometer, and add the ability to set darms or warn when the temperature leaves a specified comfort
zone,

The POD modd is flexible enough that a POD could be designed to act as both adeviceand a
controller for other PODs. Thisdlows ahierarchy of PODs, and could ssimplify the control of a cluster
of devices. Thiscould be used, for example, to create a control device which manages 4 motorized
whedls. The control device would abstract the lower devices, and gppear as a Sngle motorized 4-
whed movement platform. This hierarchy could be implemented in hardware or in software, and dlows
for aphysca hierarchy smilar to alogicd hierarchy of software objects.

Since PODs will communicate over USB, up to 127 devices could be connected to asingle USB port
(using expansion hubs), removing the need for additiond free ports. Low-power devices will be able to
draw power from the bus, requiring no additiona wiring. Thisdso diminates the need for specid
communication cards in the host computer, and dlows al the devices to share a common, well-defined
bus, which many computers and embedded controllers now have and can take advantage of .

USB will dlow dl PODs to share the same hardware interface, dlowing smple attachment and
communication. The software interface for dl devices will be common among PODs. The POD
environment will not replace the need for monolithic robots when there exist certain condraints, such as
weight or sze. However, in many cases, PODs can be minimized to just afew small parts, making
them very small, ample, and lightweight. PODs can then be added to arobot later if necessary,
alowing pogt-production or in-the-fidd flexihbility.

For my project, | will build anumber of PODs. The completed PODs will interact with a connection
manager on a controlling computer. | will build a sample connection manager, implementing device
addition and removd, enumeration, and message queuing. My connection manager will multiplex the
various connected PODs over asingle port.

| will use the PODs in building two very different end products, demongtrating their usefulness and
amplicity in diverse gpplications. These end products will be arobot and a server-room monitoring
gation. The PODs| intend to build are:

® Temperature sensor

Thesis Proposal draft as of April 22, 2002 (10:45pm) Page 4/9



® Audibledarm

® Motorized wheds
® Digital compass
® | ight sensor

® Smdl lights

® Power sensor

® Digance sensor

2 Thesis Statement

By building intdligence into devices using an object-oriented communication and software interface, a
number of devices can be atached to acomputer with little effort. This solution will dlow people to
integrate these smart devices into current or new programs without requiring a detailed knowledge of
electronics.

3 M ethods

Design and congtruct arobot and server room monitoring station using the PODs mentioned in section
1.3. The2 sysemswill have the following basic characterigtics

The Robot:

® Two individudly controllable motors (left & right) for gpeed and direction

® A digita compass

® A front distance sensor

® Severd light sensorsto search out light or dark aress, or to determine light levels

® Headlights which could be used in the dark

® A sren may be used to dert people of the robot’ s presence or when the robot is backing up
The server-room monitor:

® Temperature sensor that can warn of temperature problems

® A power sensor that can cause alerts when the power goes out

® A light sensor and distance sensor that can detect whether someoneisin the room or at the
console

® Andam or dren that can be used as another reminder that a problem is occurring
® Smadl lights can turn on when the power goes out

Design the POD system, identifying methods al devices must respond to, and device-specific methods.
Once the high leve interfaces are identified, the low level message passing protocol will be defined.
Thiswill include the USB interface details for both the PODs and the connection manager, aswell as
the interface seen by the user.

Build and program the PODs, as wdll as write the Smple host-side connection manager.
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Build the end products, and write Some programs demondtrating their use. Thiswill include showing
that the robot can provide useful sensor information, and can be controlled either by the program or
remotely. The server room monitor will be controlled by software which will record the temperature,
creete graphs of temperature over time, and send an email and sound the darm if the temperature gets
too high or there isa power failure.

4 Contribution to Computer Science

This thesis defines a system for attaching hardware devices to a computer and allows people to write
programs to control these devices. It includes both hardware and software, and smplifies the interface
between the two, since physical devices appear as software objects. The attached devices can be
smal, smart, and cost-effective.

5 Delimitations of the Thesis

® | will not build avirtud condruction interface or Smulation environment
® | will not be performing a usability survey

6 Thesis Outline

Chapter 1 Introduction and previous work 8 pages
Chapter 2 Thes's satement and POD environment 10 pages
Chapter 3 One subsection for each of POD created, including: ~20 pages
Block diagrams
POD-gpecific methods
Chapter 4 Case study 1 - The robot 5 pages
Chapter 5 Case study 2 - The server-room monitor 5 pages
Chapter 6 Conclusions and future work 5 pages
Appendices  Schematics, circuit board artwork, etc. 20 pages

7 Thesis Schedule

® Continue to collect additiona information, sources, and parts (April-June, ongoing)
® Design OO interfaces for chosen devices (April)

® Design schematics for chosen devices (May-June)

® Build devices and program microcontrollers (June-July)

® \\/rite connection manager (Jduly)

® Attach devicesto severd systems (August)
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10.

® \Writing the thes's (August-September)
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