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Project Abstract:

This project aims to design a human interface device (HID) for computers, an innovation of the
mouse and keyboard. The design consists of a pair of wireless gloves that can translate hand
gestures into input that a computer can understand.

This project encompasses USB Interfacing, writing a driver for an HID compliant device, high
resolution analog to digital conversion and sensors, multiple wireless device communication, and
writing packets that are HID compliant. Among these five areas, USB interfacing and the
concept of HID compliant devices have not been encountered by the member so dynamic
research is much required.
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Project Features and Objectives

Ehrgeiz offers the end-user the ability to ease the communication between him and his personal
computer. A wide variety of tasks such as engineering design, digital graphics design, 3D
modeling, computer gaming, and even as an accessibility for the disabled will be greatly
simplified. Ehrgeiz allows the user to more intuitively control graphical user interfaces with his
two hands instead of the archaic mouse and keyboard.

The main features offered by Ehrgeiz are the following:

e Hand movement/gesture translation using accelerometers and flex resistors

e Wide range of movement for each hand through completely wireless connection between
the gloves and the base device

e USB connectivity allows for modernization

e HID compliancy that allows for Plug-and-Play

e Acceptable resolution of hand movement/gesture -> computer screen resolution
conversion when gloves are used as a mouse

e Multiple flex resistors allow higher resolution to allow more intuitive hand actions that
represent users’ intended action on the computer

Base Device Objectives

e The base device needs to be configured as an HID device. This can be accomplished by
either writing an OS side driver that can read the serial data read from the COMM port
that the base device will be plugged into or write a Microprocessor side driver that the OS
can recognize as an HID device.

e The base device must be able to achieve a wireless 1-to-2 communication between it and
the two glove devices by either polling or using interrupts.

e The base device must be able to properly process the serial data received from the two
glove devices into HID compliant packets.

e The base device must be able to power up and communicate between the wireless RF
modules that will be used to facilitate the wireless 1-to-2 communication.



University of Florida EEL 4924—Spring 2008 4-Aug-09
Electrical & Computer Engineering

Page 5/20 Team: XeroDual

Figure 1 Base Device System Level Design

Glove Device Objectives

The glove devices must be able to properly communicate between the base device
wirelessly by being polled and only sending data whenever acknowledged.

The sensors to be equipped on the gloves must be properly configured and designed.
The flex sensors must each be in a voltage circuit using a reference resistor that can
provide the widest range of voltage values for a better resolution during conversion.
The accelerometer must be properly initialized and data must be read in the correct time
for processing.

The sensor values must be properly processed prior to transmission to avoid error and
inconsistency.

The gloves and all the devices must be able to fit in a small circuit board that can be
easily mounted on the physical gloves.

The gloves and all the devices must be correctly powered knowing how sensitive the
devices could be, regarding power consumption.
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Figure 2 Glove Device System Level Design
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Analysis of Competitive Products

Oblong’s G-Speak Platform

A very similar device to Ehrgeiz is Oblong’s g-speak platform. Both designs are actually based
on the movie Minority Report. The g-speak platform, however, is a spatial operating
environment, much like an operating system in itself. Although the g-speak is a more futuristic
and high-tech design, it isn’t economical and uses too much resource, and mainly spatial
resource. My design aims to be comfortable and economical in a way that it would be possible to
have every home possess one.

Figure 3 G-Speak Platform

(http://www.gizmag.com/the-real-life-minority-report-computer-interface/10469/)

4-Aug-09



University of Florida EEL 4924—Spring 2008 4-Aug-09
Electrical & Computer Engineering
Page 8/20 Team: XeroDual

Raytheon’s version of Minority Report glove

Another similar invention was developed by the defense company Raytheon based in
Massachusetts. The version was also based on the same movie, Minority Report. In fact, the
company hired John Underkoffler, who proposed the similar concept used in the movie, to
design the glove. The gloves also work based on image processing through a camera that tracks
the gloves. Again, a system that is completely different from my idea of using flex resistors and
accelerometers.

Figure 4 Raytheon’s version of Minority Report glove

(http://www.newscientist.com/article/dn7271)

Regarding the bigger picture, there are more products similar to my project but as | have
researched, all have used one or a combination of many different transducers. Most of these
products are currently applied to military, robotics and gaming. My product is geared towards
flexibility while taking advantage of the portability of HID and USB connectivity and the
needlessness of having to mount a camera. Everything will be entirely local when an actual
consumer product is manufactured, for a price much less than that used for military and robotics
applications.
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Concept and Technology Selection

Operating System: PC operating system for testing

Windows XP — Windows XP is easy to interface with especially since it comes with the portable
USB Plug-And-Play feature that lets the user use any HID device without having to worry about
drivers.

Linux - Willing to learn how to write drivers for Linux but i prefer XP over this even though

Linux is more stable to work with.

USB Interface: I have looked up how I can interface USB with AVR and found 3 possible
solutions.

FT232BM (FTDI) - Using an FTDI chip and writing the drivers through the given programming
software, | can write a driver that interfaces my application with XP.
http://www.ftdichip.com/

AT90USBKEY - a development board manufactured by Atmel with an AT90USB1287
microcontroller on board that can already interface with a PC soon as you program the
microcontroller with the given example codes

Teensy++ - a breakout board manufactured by PJRC for the AT90USB646 that comes with a
USB mini B receptacle

Base Microprocessor: Microcontroller required in interfacing the wireless glove and PC via
USB

Atmega32A + FT232BM chip — One way of interfacing with USB requires the use of a
Microprocessor that has RS232 capabilities connected to an FTDI chip. If FT232BM is used as
the USB Interface, any Atmel microprocessor, such examples are the Atmega32A or
Atmega324P, will definitely be used as the Base microprocessor.

ATI0USB1287 — AT90USB chips are also Atmel Microprocessors that have the same RISC as
the Atmega32. The good thing about this line of products is that they have USB functionality and
it would be rather easy to implement USB Interfacing using one.
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Glove Microprocessor: Microprocessor that has SPI, USART and ADC features.

Atmega32A - Very easy to use and has all of the functionalities stated above but has a
possibility of not running stably under low voltage (~3.3V) but will work as far as testing is
concerned.

Atmega644P — In the same line of product as an Atmega32A but has picopowered technology
features that will run stably under low voltage.

Glove Sensors: Sensors that will be used to translate hand gestures.

Flex Resistors - Resistors that change resistance depending on how much bend it gets that will
be equipped on each finger. It is required for the final implementation.

ADXL320 Analog Accelerometer 5g — An accelerometer that measures the acceleration in the
X and Y axis and outputs a VVoltage on the output pins in reference to the VVoltage on the VCC
pin. It is very easy to implement but harder to process due to noise.

L1S302DL Digital Accelerometer 29/6g — An accelerometer that measures the acceleration in
the X, Y and Z axis and outputs serial data that can be read digitally through SPI or 12C. Harder
to implement since it requires a boot up sequence and reading registers correctly.

Software: program to test interface onto.

Windows Desktop — easiest way to test mouse functionality of gloves

Notepad — easiest way to test keyboard functionality of gloves

Warcraft 3 —a PC video game that requires frequent use of the keyboard and mouse

Protel DXP - software used in designing circuit boards that can be used to demonstrate the use

of the device in the industry.

Power Source: Source of power

An external battery will be used to power up each of the microprocessor in the gloves. The USB
VCC and GND coming from the PC will be used to power up the base for common Ground.
Power for the gloves will have to be 3.3V in order to comply with the voltage requirements of
the devices such as the accelerometers, XBEE, and the microprocessor.
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Project Architecture
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Figure 5 System Level Design

Ehrgeiz consists of three devices, the base device and the two gloves for each hand. The main
components of the base device include an AT90USB646 as the controller and an XBEE as the
wireless module. The main components of a glove device include an Atmega644P as the
controller, an XBEE as the wireless module, six Flex Resistors, an LIS302DL digital
accelerometer, and a 4.5V-6V power supply/battery.
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Hardware Block Diagram

Glove Devices
Hardware Block Diagram

Base Device
Hardware Block Diagram
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Figure 6 Hardware Block Diagram of the System
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The Base Device

The base device handles the communication between the gloves and the computer. It uses
ATI0USB646, a microcontroller by Atmel that has a USB class that can handle USB interfacing.
It has the USB receptacle that will be physically connected to the computer. It has an RF wireless
module, preferably an XBEE that receives the serial data from both gloves wirelessly. Basically,
the base functions as a bridge that converts the serial data that comes from the gloves into HID
compliant data that can be understood by a computer.

The Glove Devices

The glove devices handle all hand movement/gesture translations and wirelessly send serial data
to the base device. The gloves can use most Atmel ATMEGA microprocessor that has at least 6
ADC pins to accommodate the flex sensors but in this case, Atmega644P is chosen since it can
run stably on 3.3V. There will at least be one ~1.5” flex resistors in each fingers and one on the
wrist and a 3-Axis accelerometer for each hand. This accounts to a minimum of 6 ADC pins
from each microprocessor per glove. Data will be transmitted wirelessly via RF wireless modules
and an XBEE on each glove can accomplish this. Each packet will contain the glove ID and the
bytes that represent the gesture. The packets will then be handled by the base device. This
minimizes the process time of the glove microprocessors since 6 ADC calls may take a lot of
time.
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Flowcharts and Diagrams
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Figure 7 Software Flow Chart
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Software Description

Base Device

initialize hardware such as LED, USART, and USB

send device descriptor so the PC can recognize the device as an HID compliant keyboard
and mouse

use USART polling to poll the right and left glove, first poll the right glove by sending
ID byte and wait for data to be received

match the received data to any of the conditions and if a match is found, process the
command and then send to the PC via USB

poll the left glove by sending ID byte and wait for data to be received

match the received data to any of the conditions and if a match is found, process the
command and then send to the PC via USB

reset the appropriate variables in preparation for the next loop, then poll the two gloves
again

Glove Device

initialize hardware such as LED, USART, SPI, and ADC

boot up the accelerometer by sending the control signals via SPI

read the value of the 6 flex sensors and then store them onto their respective variables
read the value of the three axes of the accelerometer and then store them onto their
respective variable

process the data to be transmitted to the base device based on the values of the sensors
wait for the base device to send the corresponding ID byte of this glove

if the ID byte received is for this glove, transmit the processed data

if the data processed corresponds to a keystroke, de-bounce by delaying for a few
hundred milliseconds

reset the appropriate variables in preparation for the next loop, then read the sensor
values again
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Division of Labor

Since Team XD consists of one person, all labor is done by the single member. Here is a
summary of the significant events in the design.

Item Reinier Santos

USB interface programming 100%
USB interface testing 100%
Base microcontroller programming 100%
Glove ADC testing 100%
Flex Sensor Testing 100%
Accelerometer Testing 100%
Glove Microcontroller programming 100%
Wireless communication programming 100%
PCB design 100%
PCB building 100%
Sensor Processing and Tweaking 100%

Table 1 Division of Labor

e USB interface programming — includes writing the AVR side drivers

e USB interface testing — includes testing to see if the PC can read the device as an HID
compliant input device

e Base microcontroller programming — preliminary programming of the base
microcontroller to process correct information prior to sending the command to the PC
via USB

e Glove ADC testing — preliminary testing of the Analog-to-Digital capabilities of the
microcontroller to be used

e Flex Sensor Testing — experimentation on the range of values and readability of the Flex
sensor

e Accelerometer Testing — experimentation and initialization of the accelerometer to be
used

e Glove Microcontroller programming - preliminary programming of the glove
microcontroller to process correct information prior to sending the serial data to the base
device via USART

e Wireless communication programming — experimentation and programming of the XBEE
wireless RF modules and the 1-to-2 communication between the three devices

e PCB design — designing the PCB of the project

e PCB building — involves populating the PCB with the correct circuit elements and
devices

e Sensor Processing and Tweaking — calibration of the sensors and final programming of
the microcontrollers
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User Manual

How to use the gloves when playing Warcraft 3

Mouse Movement — right hand acceleration, in other words, move your right hand towards the
direction you want your mouse pointer to go to

Left Click — bend right index finger

Right Click — bend right middle finger

Attack — bend right pinky finger

Go to Character — bend right ring finger
New Skill after leveling — bend right thumb
Hold Action — lift right hand up

Use 1st Skill — bend left pinky finger

Use 2nd Skill — bend left ring finger

Use 3rd Skill — bend left middle finger

Use 4th Skill — bend left index finger
Raise Stats after leveling — bend left thumb
Cancel Skill — lift left hand up

Pan Screen — left hand acceleration, in other words, move your left hand towards the direction
you want to pan the screen
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Bill of Materials

Material Manufacturer Amount Cost  Shipping Total
Teensy++ (AT90USB646

breakout) PJRC 1 24 6.6 30.6
XBEE Wireless RF Module DIGI 3 19 8.65 65.65
Atmega644p Atmel 2 7.76 4.8 20.32
Flex Sensors (Samples) Flexpoint 12 0 0 0
SEN-08658 (L1S302DL Breakout) SparkFun 2 19.95 6.95 46.85
Pair of Gloves Walmart 1 10 0 10
Batteries and power supply Self supplied 0 0 0 0
Circuit Elements Lab and Self 0 0 0 0
Total 173.42

Table 2 Bill of Materials
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Gantt Chart
Available Weeks in Summer 2009
0 1 2 3 4 5 6 7 8 9 0 1 1
Introduction |
Project Proposal |
Research on USB Interfacing |
Write AVR side driver for HID |
Interface base board with PC via USB | DN |
AID testing for gloves [ .
Build glove hoard I
Analog to Digital to HID conversion . =
Transmit Glove data to PC I
Demo (team) L
mPlanned OExension ODown time

Table 3 Gantt Chart
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Appendix A Circuit Designs




