THREE DIMENSIONAL SURFACE DISPLAY DEVICE

By

JEREMY MAYER

A THESISPRESENTED TO THE GRADUATE SCHOOL
OF THE UNIVERSITY OF FLORIDA IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE

UNIVERSITY OF FLORIDA

2001



ACKNOWLEDGMENTS

The author greatly appreciates the support of the Center for Intelligent Machines
and Robotics at the University of Floridafor providing a Research Assistantship. The
author would also like to thank Dr. Carl Crane for the opportunity to work on a project
that involved mechanics, an embedded controller, and computer programming.
Additionally, the help and support from the other members of the committee, Dr. Joseph
Duffy, Dr. Eric Schwartz and Dr. Michael Nechyba is greatly appreciated. Finally, the
author is thankful to hisfriend and colleague Arfath Pasha. His expertise in computer

programming made the Internet-based user interface possible.



TABLE OF CONTENTS

Page
ACKNOWLEDGMENTS ...ttt sttt sesae st sresseenenneeneens i
LIST OF TABLES ...ttt bbbt v
LIST OF FIGURES ........oooiiieiese ettt st sne et e e ntennenbesreens Vi
ABSTRACT .ttt ettt bbbt bttt b bbb b ae et Vii
CHAPTERS
1 INTRODUCTION AND BACKGROUND REVIEW.......cccooiiiiiiieierieieienie e 1
Three-Dimensional Display Using Computer GraphiCs..........ccccevvevereenesieeseesesieennes 1
Three-Dimensional Display Using Moving ArrayS of LEDS ........cccoccviiiniinceneneee 3
Three-Dimensional Display by Projecting Light ........cccoooeviriiieneee e 5
2 MECHANISM DESIGN ..ottt sttt st sesaesne b e 7
10T 18 o (o] o OSSR 7
DS o D T< o 101 o o O 8
Mechanism for Three-Dimensional Display.........cccceveevriirienienee e 8
Mechanism for Three-Dimensional Object Digitization ..........cccccvveveveeceeseerieenenne 11
The BEight-Pin ProtOtYPe......c.ciiieeieeeesee ettt s nre s 11
3 RASTER SCAN ...ttt sttt e st e s aesbe st e beene e s e e ne e e e aesseneesreene e 14
4 EMBEDDED CONTOLLER SOFTWARE .......cccoootiiiiiiinierie e 17
5 THE GRAPHICAL USER INTERFACE.......cccotiieieierese e 20
6 SYSTEM TESTING ..ottt sttt 24
7 CONCLUSION AND FUTURE WORK ......ociiiiieieiesiesie st sne s 27
APPENDICES
A SHAPE MEMORY ALLOY ACTUATOR DESIGN AND TEST APPARATUS......30



Shape Memory Alloy ACtUALOr DESIQN.......ccveieiieriereeie e e e 30

TSt APPArALUS DESIGN.......viieeiieeieeiesie ettt sttt sreesseeneesneenne s 31
(000016 115 T 010 TR 31
Embedded Controller Code for the Test Apparatus Program...........ccccoceeeveeieeeiieennenns 32
B COMPUTER CODE-.....coo oot e e et e e e e e e e e e e e e e e eaaaan 36
C PART INFORMATION AND DRAWINGS......cooo oot 72
LIST OF REFERENCES . ... ... et e e e e e e e e e e e e e e e e eaaaan 77
BIOGRAPHICAL SKETCH ...t e e et e e e e e e e e e eeeeeenaaans 79



LIST OF TABLES

Table Page
3-1. Procedure for turning on the actuators that lie on the diagonal ...........ccccccovvevveiennenee. 16
5-1. List of software programs for the graphical user interface...........ccooeveeieneeiencencnnee. 22
6-1. Results of pin POSItiON aCCUIACY tESE ........eccueiuieieceeseesie et e et 25



Figure Page
1-1. Perspective VIEW Of @ CUDE .........cccoiieiceceee et 1
1-2. Computer image created using 3D Studio MaxO CAD package..........ccceveeveveveeernnnen. 2
1-3. Kameyama-OhtOomi APPEIELUS .........coruereereerieeeesieesiesieesieesteseesseessesseesseessesessseessesneens 3
i ST [ AN o] 7= = (1RSSR 4
1-5. Display Images from the Kameyama-Ohtomi APParatus ...........cceeceeeereenieerenseesenenns 4
2-1. Axialy parallel grid of SteEl PiNS......c.cceeieeiiiiereeeeese s 8
2-2. Pin offset control MECNaNISM.........ouiiiiiiie s 10
AR IIISVES (=20 0 1 o] Voot Qo =o't o RS 12
2-4. Eight-pin prototype MECNANISIL.....c...oiieiiee e e 13
3-1. Four-by-four grid of shape memory aloy actuators and control circuitry .................... 15
5-1. Graphical user interface as part of the 3-D display System........c.cceceveviiieeienieneenn, 20
5-2. TREVRML MOGEL.......ooiiiiiiiiieeee et 21
6-1. Aninverted parabola shape (graphicsto aCtual).........cccceeieieriiiieneeieeee e 24
6-2. A linear shape (graphiCSto aCtUal) ........coveiueiierieee e 24
6-3. A linear V-shape (graphiCSto aCtual) .......cocveieeiiiiiiieeieee e 25
6-4. An object being digitized by the device (actual to graphics).........ccccevveveerveiereeiennns 25
T-2. OPLICAI SENSON ...ttt sttt e st e e sbeeeesseesbeenseeseesbeeneesaeenseannans 28
A-1. Shape memory aloy test QPPArAUS .........cceveerieeeereeieseerie e sie e ee e 32

LIST OF FIGURES

Vi
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THREE DIMENSIONAL SURFACE DISPLAY DEVICE
By
Jeremy Mayer
December 2001

Chairman: Dr. Carl D. Cranelll
Major Department: Mechanical Engineering

This dissertation presents the design of a device that displays three-dimensiona
(3-D) shapes. The device can also be used to take 3-D data from an existing 3-D object
for input into a computer.

Past attempts at designing this type of a device can be categorized three ways.
computer graphicsimaging, swept volume, or light projection. Many of the past devices
fall short either by the limitation of trying to display 3-D objects on two-dimensional (2-
D) screens, or by the requirement that the user must wear special goggles or headsets.

In the device presented herein, an actual physical 3-D surfaceis created that can
be seen and touched by multiple people and from multiple view directions. The device
creates the 3-D surfaces from an array of axially parallel steel pins. When the individual
pins are displaced under computer control to their proper offset positions, the heads of all

the pins form the 3-D surface.
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CHAPTER 1
INTRODUCTION AND BACKGROUND REVIEW

Scientists, engineers and inventors have designed and demonstrated devices that
display three-dimensional surfaces. Three general categories for these devices are as
follows:

Computer graphics display devices.

Devices that sweep light through a 3-D display volume.

Devices that project light.

Currently there are no devices described in the literature or on the market that actually

create a physical three-dimensional surface. Creating atrue 3-D surface has some clear

advantages over the other methods for 3-D surface display.

Three-Dimensiona Display Using Computer Graphics

Computer display screens, although only two-dimensional, can simulate three-
dimensional objects by creating perspective views similar to the perspective view of a
cube shown in Figure 1-1. The sheet of paper only provides two dimensions, yet the cube

appears to be displayed in three dimensions.

Figure 1-1. Perspective view of acube



Computer graphics packages are continuously improving this process and improving the
significant computations that are required for this type of image display. In addition to
creating the perspective view, the software can remove hidden lines and surfaces; and
add shading, lighting, and shadows in order to enhance the illusion of three dimensions

(Wat91). Figure 1-2 is a computer graphics image created using 3D Studio MaxO CAD

package.

Figure 1-2. Computer image created using 3D Studio MaxO CAD package

Virtual Redlity (VR) equipment takes the display of 3-D objects using computer
graphics one step farther. Most of the VR equipment is designed to be used with
computer screens. The equipment incorporates binocular stereoscopic vision techniques
to add 3-D depth perception to the objects. This means that two separate images are

generated and viewed. The left eye views the left image and the right eye views the right



image. The two images differ dlightly due to visual parallax based on the distance
between the eyes. Objects appear to have depth.

The VR equiprrent that uses a standard computer monitor also requires special
VR glasses. The glasses block the left and right eyes in sync with the monitor. In
addition to blocking the vision of the respective eyes, the VR software can ater the
display depending on the orientation of the viewer with respect to the screen. If the
viewer moves to the left, for example, the monitor updates and displays the proper new
perspective. Thisisachieved by atransmitter that is built into the VR glasses and a
receiver that is placed above the monitor to determine the position of the viewer.

Head-mounted VR displays use the same technology, but have essentially put

two computer screensin front of the viewer’s eyes. The viewer isnot required to look in
the direction of the stationary computer screen. This technique provides a more

‘interactive’ experience.

Three-Dimensional Display Using Moving Arrays of LEDs

Two implementations using moving arrays of light emitting diodes are now
discussed. Figure 1-3 shows an apparatus developed by Ken-ichi Kameyama and K oichi

Ohtomi (Kam93). Figure 1-4 is an apparatus patented by Edward Berlinin 1979 (Ber79).

Figure 1-3. Kameyama-Ohtomi Apparatus



Figure 1-4. Berlin Apparatus

The underlying science behind this method for 3-D display is that the individual
LEDs areilluminated at proper times while the entire array sweeps through the display
volume. The human eye retains the LED illumination information at the respective
places within the display volume, which over time appears to be a 3-D object. The Berlin
Apparatus uses arectangular array of LEDs that spins on its long axis and the
Kameyama-Ohtomi Apparatus uses a rectangular array of LEDs that is reciprocated at
high speeds through the display volume. Figure 1-5 shows 3-D display images from the
Kameyama-Ohtomi Apparatus. The first imageisawire frame display of adrinking

mug, and the second image is a surface representation of the mug.

Nire Surface

Figure 1-5. Display Images from the Kameyama-Ohtomi Apparatus



Three-Dimensiona Display by Projecting Light

Severa methods have been demonstrated that use some form of light projection
for displaying objects in three dimensions. The mirror stereoscope was invented in 1833
by Sir Charles Wheatstone (Lip90). This viewing mechanism only allows the viewer’s
right eye to view the right perspective image and the left eye to view the left perspective
image. Thisinvention marked the discovery of binocular stereoscopic vision, which as
stated earlier adds 3-D depth perception to the scene being viewed.

Binocular stereoscopic vision is also used in 3-D movie making. The two
perspective images are projected onto the screen and then the viewers wear special
polarizing glasses to separate the respective images for the left and right eyes.

In 1995, Ralf Jurczyk, a graduate student in Mechanical Engineering at the
University of Florida also designed and built a device that displayed 3-D objects (Jur95).
Jurczyk’s device consisted of a screen that was mounted on arotor. The screen would
spin at high speed, while a computer and projection system projected an image onto the
screen. Animage of athree-dimensional object could be displayed in the spinning
volume of the screen. A schematic diagram of Jurczyk’s design is shown in Figure 1-6.

Probably the most commonly thought of method for true 3-D object display is
‘holography.” Holography was predicted in 1947 by the British scientist, Dennis Gabor,
but areal demonstration of the technique was not performed until after the laser was
invented in the early 1960s (Fir72).

The creation of a hologram has traditionally involved a complex process
involving laser light, optical equipment, and a holographic recording plate. Currently,
research centers are working on computer-generated holograms (CGH). This method for

3-D display is not yet practical because of the amount of information that the CGH must



contain. A typical 300 mm by 300 mm holographic plate, for example, can contain over

10 terabytes of information.

/" Display Screen

Counterweight

Figure 1-6. Schematic diagram of Jurczyk’s design



CHAPTER 2
MECHANISM DESIGN

Introduction

The original objective that was decided upon during the brainstorming phase was
to develop a device that would have the following characteristics:
Presents a three-dimensional representation of the object being displayed,;

Does not require the user to wear any special glasses or head mounted tracking
system,

Allows multiple users to simultaneously view the same object. Such a device will
greatly qid an 0pergtor (or team of operators) in tele-operation and tele-
supervision operations.
In addition to the above characteristics, it was decided that the device should actually
create physical three-dimensional surfaces. This requirement excluded any
implementation that would involve a projection of light to somehow create the illusion of
a 3-D object.

Some final requirements were to design a device that would not use any
consumables and would have the ability to quickly reconfigure itself in order to display
another object. These requirements would set the device apart from current rapid
prototyping technologies which use a type of consumable material to construct the 3-D
object. Also with rapid prototyping, the time to construct the object can be severa hours.

The approach that was finally selected was inspired by the apparatus shownin

Figure 2-1.



Figure 2-1. Axialy parallel grid of steel pins

This grid has approximately 2000 axially parallel steel pins. By placing an object into the
grid of stedl pins (a hand for example), a projection of the 3-D object isformed by the
heads of the pins on the other side.

The intent of this research was to design a mechanism that could control the
individual pin displacements for this type of apparatus. A 3-D image on a computer
screen could be sent to this apparatus for display. In addition to being able to display 3-D
objects, the device was to have the ability to capture 3-D data from existing objects for

digitization into a computer.

Design Description

Mechanism for Three-Dimensional Display

The first engineering challenge that presented itself during the initial
brainstorming on how to control agrid of axially parallel steel pinswas the proximity of
neighboring pins. The original benchmark during the design phase was the grid

apparatus shown in Figure 2-1 and this apparatus has the steel pins packed tightly at



approximately two millimeters between centers. Therefore, the challenge became how to
design a mechanism that would control the pin offsets into this very limited space.

The solution decided upon was to use additional vertical space and spread the 2-
millimeter center-to-center proximity to something more manageable by using push-pull
cables. Push-pull cables are simply steel core cables surrounded by plastic sleeves. They
can be used to transmit forces bi-directionally over large distances or around obstacles.
Connecting these types of cables at one end to the grid of tightly packed steel pinsand
then flaring them out at the other end allows more design space for a pin offset control
mechanism.

The description of the pin offset control mechanism design is more easily
understood by first viewing the diagram shown in Figure 2-2. This diagram only shows
three cables. Control of an apparatus like the one shown in Figure 2-1 would require
nearly 2000 cables because there are that many pins that the cables would connect to at
the top.

The sleeves of the push-pull cables are fitted into an upper plate and only the steel
cores protrude straight down from the moving upper plate. Because thereisfriction
between the core of the cables and the sleeve, if the upper plate translates down, the core
of the cable will also trandate down. During this motion of the upper plate moving
down, if the end of the core hits a surface such as the upper surface of the part called a
swivel, thiswill cause the core of the cable to move up with respect to its Sleeve. When
this happens, the steel pin that is connected to the other end of the core will trandate up at

the same but opposite speed as the upper plate.
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Notice that the second solenoid in the diagram appears to be energized which has
pulled the second swivel to the open position, while the first and the third solenoids are

not energized. Therefore, the pin that is controlled by the second cable will stop moving

Push—Pull Cables

| | Moving Upper Plate

S SE’F7 S Mini Switches

Swivels

Isometric
View

Solenoids

Figure 2-2. Pin offset control mechanism

while the first and third pins will still be moving up. Asan example, when the upper
plate moves down another sof an inch, the first solenoid will get energized; when the
upper plate moves down another Yof an inch the third solenoid will get energized. The
result from this sequence of actions would have the center pin in the lowest position, the
first pin ¥aof an inch higher and the third pin “4of an inch higher than the first.

With this type of setup, the position of every steel pin can be controlled. The job
of the controlling computer during a display sequence is to move the upper plate and to

fire the individual solenoids at the proper time during the motion.
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Mechanism for Three-Dimensional Object Digitization

This very same mechanism can be used to take three-dimensional data
measurements from an existing object. Suppose that all of the solenoids are energized,
putting all of the swivelsinto the open position. All of the miniature switches (labeled
S1, S2 and S3 in Figure 2-2) can be read by the controlling computer and will now read
as'‘open.” Now, a3-D object is freeto be pressed into the grid of axialy parallel steel
pins attached to the other end of the cables because the top surfaces of the swivels are
currently not creating an obstruction to the cable cores.

After the pins have been offset, the solenoids can be de-energized. Because the
solenoids are spring-loaded to the closed position, the edge of the top surface of the
swivelswill now be resting against the cable core on any of the pins that have been
translated.

Now the upper plate is controlled to start trand ating upward which also starts all
of the core cablesto move upward. When an end of a core cable finally passes the top
edge of the respective swivel, the swivel finally will fully close on the miniature switch.
The controlling computer will register that the switch has closed and by looking at the
distance that the upper plate has traveled it can determine what the original displacement

was for that pin. All of the pin offsets can be determined in this manner.

The Eight-Pin Prototype

An 8-pin prototype of the 3-D display mechanism design was developed to
demonstrate the design concept. A system block diagram of the prototypeis shownin
Figure 2-3 and a picture of the prototype mechanism is shown in Figure 2-4. A Motorola

MC68HC11 microprocessor was used to control the mechanism. The embedded control
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software is discussed in Chapter 4. A graphical interface that runsin a Java applet on a
PC and communicates using serial communications to the MC68HC11 microcontroller is

discussed in Chapter 5.

Pins attached at ends of
these cables

I

i

-

| —
Stepper Motor and Lead Screw
8 Relays to move upper plate
Stepper
Motor
Driver
Serial to PC *, " 5V Power Supply
In(8) Out(8) ¥ - 12V (Dua Voltage)
MC68HC11 Mode
Select

Figure 2-3. System block diagram

A stepper motor and lead screw were used to move the upper plate. Eight digital output
signals were connected to relays to control the solenoid actuators. A mode select switch

is used to toggle between 3-D object display mode and 3-D object digitize mode. Eight
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miniature switches that sense the position of the swivel parts were connected to eight

digital input ports.

Solencids

Staeppar Motor

Figure 2-4. Eight-pin prototype mechanism



CHAPTER 3
RASTER SCAN

One of the difficulties inherent in the design for this type of three-dimensional
display deviceisthe overall quantity of actuators that need to be controlled individually.
There were only 8 actuators for the first prototype that was developed. There were plenty
of digital output pins on the controlling computer to handle this small quantity of
actuators. When the mechanism requires control of thousands of actuators, however, a
method commonly referred to in the design of digital systems as *raster scanning’ will be
needed to significantly reduce the number of digital pins needed. It turns out that the
number of digital pins needed is:

P=2J/A (3.1)
where P is the number of pinsand Aisthe number of actuators. One thousand actuators
could be controlled with just over 60 digital output pins, for example.

As an example, consider 16 actuators that will be controlled by 8 digital signals.
The actuators need to be wired together into a grid pattern as shown in Figure 3-1. All of
the positive leads are connected horizontally in rows and al of the negative leads are
connected vertically in columns. At one end of each of the rows there is a P-channel
MOSFET (metal oxide semiconductor field effect transistor) and at one end of each of
the columns there is a N-channel MOSFET. In this configuration, with the controlling
computer’ s digital ports connected to the gate of the MOSFET’s, they can be used as fast

high-current switches.

14
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Figure 3-1. Four-by-four grid of shape memory alloy actuators and control circuitry

When adigital-1 is written to a port that is connected to the gate of an N-channel
MOSFET, the ‘switch’ ison (digital-0 is off). Conversely, when adigital-0 is written to
the gate of a P-channel MOSFET, the ‘switch’ ison (digital-1 is off).

Now it isonly a matter of timing for the controlling computer to turn on any
pattern of actuatorsin the grid. For the first time segment, the controlling computer
handles the column-1 actuators, and for the second time segment, the controlling
computer handles the column-2 actuators, and so on.

As an example pattern, consider turning on, for afew seconds, only the actuators
that lie on the diagonal of the square grid (from the upper left corner to the lower right
corner). During the first time segment a 0111 is written to the 4 bits labeled P1.1-P1.4
(Output Port 1). This effectively only connects the first column to ground. Also, a 1000

iswritten to the 4 bits labeled P2.1-P2.4 (Output Port 2). In this case, only the upper left
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corner actuator sees avoltage. The pattern is continued using the procedure outlined in

Table 3-1.
Table 3-1. Procedure for turning on the actuators that lie on the diagonal
Time Segment Port 2 Port 1
1 1000 0111
2 0100 1011
3 0010 1101
4 0001 1110

Suppose we want to energize this pattern of actuators for 2 seconds. With atime
segment of 10 milliseconds, the controlling computer would need to continue looping
through these four steps 50 times. During the two seconds, each actuator sees 50 pulses,

one 10 millisecond pulse every 40 milliseconds. That is, each actuator experiences a

25% duty cycle.



CHAPTER 4
EMBEDDED CONTOLLER SOFTWARE

A flow chart for the embedded controller software is shown in Figure 4-1. The
program (see Appendix B) iswritten in assembly language for the MC68HC11

microcontroller.

lf(l) Display Mode 2) Digitizej

Poll for SCI 34 Extend Pins to
Bytes Max Height

A 4 y

Wait for Enter
Press

Display 3D Data

A 4 A 4

Wait for Enter Read Back Pin
Press Offsets
¥ v
Clear Pins Send SCI 34
Bytes

Figure 4-1. Flow chart for the embedded control program

When the program starts, the mode select switch is checked to determine whether to
perform a 3-D object display or a 3-D object digitize. If 3-D object display is selected,
the controller immediately will begin waiting to receive 34 bytes of serial datafrom the

PC. Theoneinch of total pin travel was segmented into 34 discrete levels, so the 34

17
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bytes represent the pattern of solenoidsto energize at each level. The bytes are written to
atable in the controller’ s RAM.

Next, the controller begins the display sequence. During the display sequence the
upper plate travels 1 inch. Thistravel isdivided into 34 separate stepper motor
movements and at each interval a byte from the 34-byte table is sent to the port, which
energizes the respective solenoids. The stepper motor controller box has two important
inputs that need to be handled by the microprocessor in order to perform a stepper motor
movement. One of them islabeled ‘cw/ccw’ and the other islabeled ‘step in’. When the
first input is given 5V and second is given a 20-50 kHz square wave input, the motor will
move clockwise (cw) one count for every rising edge. Conversely, when thefirst input is
given OV and the second is given a 20-50 kHz square wave input the motor would move
counter clockwise (ccw) one count for every rising edge. The controller uses an interrupt
service routine to create the desired square wave for the display sequence.

Now the 3-D pin offsets have been displayed and the controller will wait for an
‘enter’ key press before it will clear the pins and loop back to the beginning. The clear
seguence involves the same stepper motor movement only in the reverse sense.

If the mode select key was set for the 3-D digitize mode, first the controller will
move the stepper motor 34 novements so that the upper plate will be in the full up
position. Between the 33 and 34™ movement the controller will energize all solenoids.
This will free the cable cores for movement.

Next the controller will wait for an ‘enter’ key press. During thiswait, the pins
will be offset by the user. After the enter key is pressed the controller will read back the

pin offsets. Thisalso involves a 34-segment stepper motor movement and at each
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segment the miniature switches are checked for transitions. When transitions are
detected, the respective segment index numbers are recorded for each of the pins. This
information is stored in the 34-byte table.

Finally this new 34-byte table is sent serially to the PC and the program loops

back to the beginning.



CHAPTER 5
THE GRAPHICAL USER INTERFACE

The schematic diagram in Figure 5-1 shows how the graphical user interfaceis
part of the 3-D display system. The system consists of three components:. the display
device, a server computer, and the client applet. The design incorporates a client-server

approach in order to alow users to communicate with the device over the Internet.

The Internet
Server Client Applet
ITTTTT
Send Receive
| WA\ W N W N W N WA N WA | WA N W N W N W N W N WA
) W N N W W W W U W N WA [ e

TTTTT

Figure 5-1. Graphical user interface as part of the 3-D display system

The display device is connected to the server computer viaaserial port. The server
computer is connected to the Internet and runs a server program at all times. The job of
the server program isto wait for a client to connect to it, and when a client does establish

aconnection, the server program acts asin intermediary agent between the display device

20
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and the client applet. The client applet consists of an interactive 3-D model of the display
device developed in VRML and two Java buttons called send and receive. Figure 5-2
shows a picture of the VRML graphical model. Although there are only 8 movable pins,
the model has an entire row of pinsthat mirror the position of the front movable pinsin
order to give amore 3-D representation. The applet is also programmed to connect with
the server running on the server computer whileit is being initialized. The type of
connection used is socket based. As discussed in Chapter 4, there are two modes of
operation (send and receive). During a send operation, the user running the client applet
first will create a 3-D surface by clicking and dragging the individual pinsin the VRML
model and then the user presses the send button. The data is sent viathe Internet to the
server computer, and finally the data is sent serially to the display device by the server

program

Three Dimensional Surface Display Device

Cimar

L . . IRIVERSITY (3
3D Visualization 04

slal]| called
wrmLeddemel o pesn@ 1 0c0ok s rodes
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ol Everllic sel_liznsation
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1] | ¥
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Figure 5-2. The VRML mode

During areceive operation, the user at the server computer physically creates a 3-

D surface using the 3-D display device and then presses the ‘enter’ button present on the
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device. The dataisread by the device, serially sent to the server computer, and sent via
the Internet to the client applet by the server program. The client applet, on receiving the
data, updatesits 3-D model to match the surface created on the display device.

A listing of all of the software programs that were created is shown in Table 5-1.
The dissertation by Jahoon Lee, arecent University of Florida doctoral graduate, entitled
“Investigation of the Quality Indices of In-Parallel Platform Manipulators and
Development of Web Based Analysis Tool”, has a complete explanation about the use of
VRML in Java Applets (Lee00). The client computer must have a Cosmo Player Plug-in
2.1.1and aJava 1.2 enabled Internet browser.

The applet sends and receives data with the server using what is called a socket
connection. This means that the Applet program knows the server’s Internet Protocol
(IP) address, which it uses to locate and make the connection to the server.

Table5-1. List of software programs for the graphical user interface

Program File Name: Description: Page:
pins.pinsApplet.html HTML filefor the Java Applet (B)50
PinsApplet.java Java Applet that excepts the VRML file (B)50
PinServer.java (main) (B)57
PinServerFrame.java (B)59
ggla;{aég?j\fﬁava Java Applications to make PC a Server Eg;gg
SeriaWritejava (B)65
cimarlmg.jpg -

pin.wrl (B)66
pinColumn.wrl VRML filesfor the 3-D graphics (B)67
pinMatrix.wrl (B)68

Most browsers do not allow applets to perform network 1/0 without obtaining
some form of authentication. Authentication can be made with the use of the Javajavakey
tool to create asigned applet. Sincethe 3-D display system is essentially a prototype

model, a simpler approach was used to overcome this security issue. The browser
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settings were altered to accept unsigned applets and the operating system was informed
of the applet as being a safe applet with the help of the Java policytool tool. More
information on the Java tools mentioned above can be obtained from Sun Microsystems

documentation on Java tools (www.java.sun.com).



CHAPTER 6
SYSTEM TESTING

Figures 6-1, 6-2 and 6-3 are images of some sample shapes that were created
using the Display Mode. The shapes were created using the graphical user interface and
then sent to the display device. Theimage on the left was created on the computer screen

and the image on the right is an actual picture of what the device created.

Figure 6-1. Aninverted parabola shape (graphics to actual)

Figure 6-2. A linear shape (graphicsto actual)

Figure 6-4 shows how the Digitize Mode is used. 3-D datafrom an existing object is

read by the device, and then the data is sent to update the graphical model.

24



Figure 6-4. An object being digitized by the device (actua to graphics)

25

Figure 6-3. A linear V-shape (graphicsto actual)

The device is designed to have a maximum pin travel of oneinch. The computer

algorithm cuts the one-inch travel into 34 discrete increments. This means that

theoretically the pin offsets are controllable to about 0.03-inch (0.75 millimeters)

increments. Also, there will be some accumulation of position error around these discrete

increments. Table 6-1 shows the results of atest for position accuracy for each of the

eight pins. Each pin wasinstructed to move to the middle offset position, and then a

measurement of the actual offset was taken using digital calipers. The table showsthe

mean and standard deviation of the measured data from 6 tests of each pin.

Table 6-1. Results of pin position accuracy test

Pin #: 1 2 3 4 5 6 7 8
Mean (mm) | 15.14 | 14.50 | 1505 | 1492 | 1487 | 1624 | 13.60 | 13.99
Standard | 5543 | 0212 | 0281 | 0280 | 0230 | 0184 | 0307 | 0.204

Dev. (mm)
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There are several components within the display device, which can contribute to
this measured error. One known error is due to backlash in the push-pull cables. Thereis
by design a small amount of clearance between the outside diameter of the core cable and
the inside diameter of the plastic Sleeve. This clearance causes an error in position from
one end of the cable to the other. A second main contributor to error is due to the upper
moving plate, which carries all of the pushpull cable sleeves. During the motion of this

plate, the parallel relationship between it and the lower plate is not perfectly maintained.



CHAPTER 7
CONCLUSION AND FUTURE WORK

This thesis presents the design of an electro-mechanical device for displaying
three-dimensional shapes and for digitally recording 3-D data from existing objects. The
method for 3-D display is unique in that an actual surface is created which multiple
people can view from multiple angles.

The development of an 8-pin prototype complete with graphical user interfaceis
also included. The prototype demonstrates that this mechanism design isfeasible. Some
of the lessons that were learned during the prototype development and future work that
would make the next generation for this type of adevice very practica are:

Obtain anew, low power, small actuator.

Improve the pin offset sensor.

Improve the algorithm that converts 3-D solid data into pin offset data.
Add an image projection system.

The prototype mechanism uses eight 4.5-ohm open-frame solenoids for actuation.
These actuators would not be practical in adesign requiring hundreds of actuators
because of their size and power consumption. Two possibilities for actuators are shape
memory alloy (SMA) wire actuators and miniature rotational solenoids. In Appendix A
thereis a section on a SMA wire actuator design that was tested. The main benefit in
using an SMA wire actuator isthe small design space that isrequired. The best actuator

in terms of power consumption isaminiature rotational solenoid. The prototype solenoid
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requires more than 5 Watts of power, the SMA actuator requires 1.2 Watts, and the

rotational solenoid pictured in Figure 7-1 requires only 0.3 Watts.

Manufacturer Daco Instrument Co.
Nominal Voltage 4V DC
Coil Resistance 24 Ohms
Part Number SK-960

Figure 7-1. Miniature rotational solenoid

The design of the sensors labeled S1, S2 and S3 in Figure 2.2 for the prototype

was simply a metal strip that hit two contacts to close a circuit. During testing, the

sensors did not always close properly and this led to unreliable information. A better

design would incorporate an optical sensor similar to the one shown in Figure 7-2.

|

Distributor Newark Electronics
Supply Voltage 45-16 V DC
Rated Current 10 mAmps
Stock Number 52F6152

Figure 7-2. Optical sensor

One possible application for this type of a3-D display deviceisasavisua aid

during computer aided design (CAD). During the design of a 3-D solid part, the CAD

user would be able to use the device to provide atrue physical representation of the

design. To make this happen, a sophisticated computer algorithm would need to be
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developed that would convert the 3-D solid datainto pin-offset information that could be
used by the display device.

Finally, adding a projected image would make this method for 3-D object display
much morerealistic. If the heads of all of the steel pinswere given awhitefinish, a
texture image could be projected from above that would appear on al of the pins. A skin
texture could be projected when a hand surface is being displayed by the pins, for
example. Although the display device would only have 10 pins per inch, a 300 pixels per

inch image could be projected from above and provide a much more realistic display.



APPENDIX A
SHAPE MEMORY ALLOY ACTUATOR DESIGN AND TEST APPARATUS

As mentioned in the conclusion section, one possible actuator as an alternative to
asolenoid is a shape memory aloy (SMA) wire actuator. A test apparatus was built in
order to test both SMA actuators and the raster scan technique that was discussed in

Chapter 3.

Shape Memory Alloy Actuator Design

The book titled “ Actuator Design Using Shape Memory Alloys’ by Tom Waram
(War93) has a detailed explanation of wire actuator design using SMA actuators. The
following discussion uses this method to design an actuator that could be used for the 3D
display device.

To actuate the swivel partsin the 3D display device prototype requires a pulling
force of 200 grams (using a 25% factor of safety, 250g-ams) and a stroke of 4mm. The

suggested wire actuator diameter can be found from equation A.1:

D =\/E (A.1)
ps

where D isthe wire diameter, F istheload, and s is the maximum stress.
Using a maximum design stress of 140 MPato ernsure good cycle life callsfor a 150

micron diameter wire actuator.
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The wire actuator length L, will be calculated assuming alow temperature strain

g of 55% or 0.55. The high temperature strain calculated from equation A.2 is 0.002.
e =— A.2
= (A.2)

where E isthe Young's Modulas at high temperature.

The wire actuator length is then determined from equation A.3:

L = stroke/(g - €) (A.3)

This calls for awire actuator length of 80mm.

Test Apparatus Design

The test apparatus shown in Figure A-1 was built in order to test both the SMA
wire actuators and the raster scanning technique that was discussed in Chapter 3. The
actuators are approximately 80mm in length. Only six digital pins are needed in order to
control the entire 3x3 grid of actuators. A ssimple program (listed at the end of this
section) was written in order to sequentially energize the various actuators. For the first
time segment, two actuators are energized, and then a second set and so on until all of the

actuators in the 3x3 grid have been energized.

Conclusions

The raster scanning technique works great athough it will add a significant
amount of additional programming. The SMA actuators are nice in the sense that they
use such a small amount of space. One drawback is the fact that they need to be reset.

After the power is removed from the actuators they cool down but it then takes additional
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force in order to return them to the original state. Another problem is the responsiveness.

Unlike the solenoids that fire relatively quickly, the SMA actuators take about a second

to contract.

Figure A-1. Shape memory alloy test apparatus

Embedded Controller Code for the Test Apparatus Program

*** Jerenmy Mayer

*** menory shape alloy rater scan program

*** 3/6/01

EE R R R R I R S S R R R I
* Connections: 3 I/O ports fromPortB bit 1 3 and 5

* 3 1/0Oports fromPortD bit 3 and 5

Rk S S R R Sk Sk Sk O S S R R R b ok S S o S R R Sk ok S R

** Equat es:

BAUD EQU $2B ; Baud-rate control register to set the baud rate
SCCR1 EQU $2C ; Serial Communication Control Register-1

SCCR2 EQU $2D ; Serial Communication Control Register-2

SCSR EQU $2E ; Serial Communication Status Register

SCDR EQU $2F ; Serial Communication Data Register

ECS EQU $04 ; User-defined End O String (ECS) character
CR EQU $0D ; Carriage Return Character

LF EQU $0A ; Line Feed Character



ESC EQU $1B

BASE EQU $1000
TICI EQUJ $10

TIC2 EQU $12

TIC3 EQU $14

Tl 4/ 06 EQU $1E

TOC2 EQU $18

TCTL1 EQU $20
TCTL2 EQU $21
TMBK1 EQU $22
TFLGL EQU $23
TFL&2 EQU $25
TVBK2 EQU $24

TCNT  EQU $0OE

OPTI ON EQU $39

ADCTL EQU $30

ADR1 EQU $31

ADR2 EQU $32

ADR3 EQU $33

ADR4 EQU $34

PACTL EQU $26

* masks

Bl T7 EQU 940000000
BIT6 EQU %%1000000
BI T5 EQU 990100000
BIT4 EQU %%0010000
BIT10 EQU 990000011
BIT2 EQU %%0000100
BI T1 EQU 990000010
BITO EQU %%0000001
1 NV6 EQU 940111111
1 NvV2 EQU 941111011
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¥rRxxxk*A*A** Port Equat es:

PORTB EQU $1004
PORTD EQU $1008
DDRD EQU $09
INT  EQU $FFA9
B_OUT EQU $FFCL
B O EQU $FFB8
PEL  EQU %0000001
ORG $00EB
JVP RTI _I SR
*%% Main:
ORG $00f 0
JVP MAIN

PROWPT FCB CR, LF
FCC @enory Shape All oy Raster Scan Program Started@

TABLE

FCB CR, LF
FCB ECS

FCB $52
FCB $EO
FCB $EO
FCB $70

;use PortB-1357 pins 41 39 37 35
;use PortD-3&5 pin 23&25

;location of JW to . QUT2BS
;location of JWP to . QUTA

:Val ue for ADCTL



FCB $DO
FCB $C2
FCB $58
FCB $DO
FCB $C8
FCB $DO
FCB $B2
FCB $B2
FCB $00
fcb $00
fcb $00

CTR RVB 1
CTRL RMB 1
CTR2 RVMB 1

ADDRS RMB 1
ADDRS2 RMB 1

MAIN  LDS #3$0041
* BCLR TMSK2, X BIT10 ;t-cnt overflow FOR 32.768 MSEC

JSR I nitSCl
START LDX #PROVPT
JSR Qut Str

LDAA #0

STAA CTR
STAA CTR1
STAA CTR2

LDX #TABLE
STX ADDRS

LDX #BASE

| daa #$ff
st aa DDRD, X

LDAA #%©0000011
STAA PACTL, X

LDAA #BI T6
STAA TMBK2, X

CLI
WA

HERE BRA HERE

Rk S S R Rk Ok Ik b S R SRR b S S b O b S R R S S kR S O

* |SR to raster scan proper patterns
Rk S o I Rk Ok Sk b S S R R S b Sk S b O b S R R R b S R Rk O S S
RTI _I SR LDX #BASE

LDAA #BI T6

STAA TFL&2, X

LDAA CTR ;CTR for 3 seconds until next col umm
CVPA #$5E
BEQ SW CH
BRA CONT
SWCH LDAA #$00



[colllm)

QT

OVER

STAA CTR

I NC ADDRS2
I NC ADDRS2
I NC ADDRS2

I NC CTR2
LDAA CTR2
CVPA #4

BEQ QUI T
LDX ADDRS

LDAA CTR1
CMPA #0
BEQ GOTI T
CVPA #1
BNE GOL

I NX

BRA GOTI T

I NX
I NX
LDAA #$FF
STAA CTR1

LDAA 0, X
STAA PORTB
LSRA

STAA PORTD

BRA OVER
LDAA #$80
staa PORTB
| daa #$ff
staa PORTD
SW

INC CTR
I NC CTRL

RTI

END OF PROGRAM
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; CTR2 for 4 contexts

;CTR1 for 3 rows, wll

;CTRL is 1

be O,

then 1,

;when it gets here CTRL nust be 2

then 2



APPENDIX B
COMPUTER CODE

The following embedded assembly code was written for the Motorolla MC68HC11
Microcontroller. It controlsthe 3-D Display Device.

EE I O S kO I S O S R S O I O I
* Enbedded Controller Software for 3D Display Device:

EE I O S O I S I S I O
*

*Program has one path for Display-Mde and another for Digitize-Mde
*

Sol enoi ds controll ed from Expansi on Port QOUTP2 at $4000

Swi vel Sensors read from Expansi on Port at $2000

Mode Switch - PortA bit
Waiting LED - PortA bit
Ent er Key - PortA bit
St epper Motor—Port A bit

E I I A

AP, 01O

*
Rk S b O S R R S o S S O S R R Sk S b S SRR R S b Sk S R R S Sk R R O

** SYMBCL DEFI NI TI ONS

Rk S R I Rk S S S R O b S R IR S o S bk b S S

* 68HCI | REG STERS

Rk O S O Rk Sk b S R R O b S ok R R R S Ok R S O A
STACK EQU  $8FFF

BASE EQU  $1000 ;BEG NNING OF REG STERS

PORTA EQU  $00

TOC2 EQU $18 ; OUTPUT COVPARE 2 REG STER
TCTL1T EQU $20 ; TIMER CONTROL REG STER
TMBK1 EQU $22 ; TIMER MASK1 REG STER
TFLGL EQU $23 ; TIMER FLAGL REG STER

TMBK2 EQU  $24  ;TIMER MASK2 REG STER
SCSR EQU  $2E
SCDR EQU  $2F
BAULD EQU  $2B
SCCRL EQU  $2C
SCCR2 EQU  $2D

ECS EQU $04 ; User-defined End O String (ECS) character
QUTP2 EQU $4000
* MASKS

BIT7 EQ 940000000
BIT6 EQJ 991000000
BI T1I0 EQU %©0000011
BITT EQ 290000010
BITO EQ %©0000001
INV6 EQU 940111111

Rk O R I R Sk S b S R R O b o R R R Rk R

** DATA SECTI ON

Rk O R I Rk Sk b S S S R R O b S ok R R R S S S R Rk o S

ORG $00DC
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JWP
ORG
PWWLO FDB
PWH  FDB
CTR RVB
CTR2 RMB
STOP  RMB
CTR3 FCB
CTR4& RMB
Bl TCOM FCB
LASTBYT
TEMP RMB
ORG
TABLE RMB
FCB
FCB
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oC2_1 SR ; OC2 | NTERRUPT VECTCOR (I N BUFFALO)

$20

$300 ; LOW QUTPUT TI ME
$300 ; HI GH QUTPUT TI ME
2

2

1

$00

1

$00

RVB 1

1

$8000 ; Data Bl ocks of 34 sol enoid patterns
34

ECS
ECS

R I O R S

** MAIN PROGRAM

Ik I S O O R S

ORG

* % * X

LDS
LDX

* Set the Pre-Scaler Frequency for TCNT (during first 64 cycles)

$9000

I NI TI ALI ZE STACK & Regi sters

#STACK
#BASE

BCLR TMsSK2, X BI T10; PR1: PRO=00 FOR 32.768 nsec (default)
LDAA #$FF ;close all sol enoids

STAA QUTP2

JSR | ni t SCl

I'NI TI ALI ZE OQUTPUT COVPARE OC2

* (Bit7:6=0M2
BSET
BCLR

:0L2 Hi =11, Lo=10, Toggl e=01, Di sconnect=00)

TCTL1, X BIT7 ; OMR: OL2=10
TCTL1, X BIT6 ; FOR SET TO LOW

begi n | daa #$00
staa CTR3
staa Bl TCOM
staa LASTBYT

JSR MODE ;puts node into accum A
ANDA #%©0000001
BEQ digit
bra di spl ay
digit jnmp digitiz

di spl ay

************1
************2
************3

************4

loop till recieve 34 bytes
pins 4 display algorithm
wai t

cl ear

| dab #$00
| dy #TABLE
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byt ermre
jsr InChar
staa 0,Y
incb
crpb #34 ;get the 34 bytes into table
beq GOTI T
iny
bra bytene

GOoTI T
LDX #BASE
LDAA PORTA, X ; set plate to go down
ANDA #941101111
STAA PORTA, X

| dx #$8000

LDAA #34
Pat s
LDAB 0, X ;loop for the 34 increnents
stab OUTP2
JSR ADV
I NX
DECA
BNE Pat s

Frkkkxkkkxxkk gt epper nmotor now at down position

LDAA #$FF
STAA OUTP2

JSR VAI T

JSR CLEAR

jmp begin

digitiz

FRExxxkEAkExR*], extend pins ;put digitize3D code here
************2. \Nalt

*kkkkkkxxx*x*x3  racord

FrRExxxxFAAE*XL, send 34 bytes

| daa #$00 ;initialize data mani pul ati on vari abl es
staa CTR3

staa BI TCOM

staa LASTBYT

LDX #BASE

LDAA PORTA, X ; set plate to go down
ANDA #941101111
STAA PORTA, X

* Get all Pins in upnobst postion and open all sol enoids
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HERE
LDAA #0
get up
LDAB 0, X ;move plate up to 32" jncrenent
JSR ADV
I NCA
CMPA #31
BNE get up

LDAB #00 ;index 32 (Open all Sol enoi ds)
stab OUTP2

JSR ADV
JSR ADV ; 34th ADV

*rk*xxkkx k% gt epper notor now at up position

LDAA #$FF ;close all Sol enoi ds
STAA QUTP2

JSR WAI' T
JSR RECCRD
JSR MANI P

LDX #$8000 ;send out 34 bytes on Serial Port
JSR Qut Str

j mp begin
EE R I S ko O S O I O

** SUBROUTI NE MANI P - data mani pul ation
** convert the recorded bytes to a formacceptable for display

Ik O R S

MANI P | dx #$8000

BO | daa 0O, x
staa TEMP

| dab BI TCOV

andb #%©0000001 :?2is BITCOM bit0 == 0?
bne SETNX0

bra Q0

SETNXO | daa 0, x ;this pin is complete keep storing 1's
ora #%0000001
staa O, x
bra Bl

| daa LASTBYT
anda #%©0000001 ;? is LASTBYT bit0 == 1? brnch if 0
beq SETNXO

| daa O, x
anda #%©0000001 ;2 is bit0 == 0? brnch if 1
bne SETNXO0

* ;this is a valid sol enoid throw spot
* ;bit0 is already clear



40

| dab BI TCOM
orb #%0000001
stab Bl TCOM ;set BITCOM bitO

Rk I O O O S O

Bl

SETNX1

| dab BI TCOV

andb #%©0000010 ;?2is BITCOM bitl == 0?
bne SETNX1

bra Gl

| daa 0, x ;this pin is complete keep storing 1's
ora #9%0000010
staa O, x

bra B2

| daa LASTBYT
anda #%90000010 ;? is LASTBYT bitl == 1?
beq SETNX1

| daa 0O, x
anda #%©0000010 ;2 is bitl == 0?
bne SETNX1

;this is a valid sol enoid throw spot
;bit0 is already clear

| dab BI TCOM
orb #%0000010
stab Bl TCOM ;set BITCOM bit1l

Rk S S I Rk I Sk S R R Rk S o kS R R O S R R R S b S S R ok S S S S

B2

SETNX2

| dab BI TCOM

andb #%©0000100 ;7?2 is BITCOM bit2 == 0?
bne SETNX2

bra &

| daa 0, x ;this pinis conplete keep storing 1's
ora #%©0000100
staa O, x

bra B3

| daa LASTBYT
anda #%90000100 ;? is LASTBYT bit2 == 1?
beq SETNX2

| daa O, x
anda #%©0000100 ;2 is bit2 == 0?
bne SETNX2

;this is a valid sol enoid throw spot
;bit2 is already clear

| dab BI TCOM
orb #%0000100
stab Bl TCOM ;set BITCOM bit2
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Rk I S O O R O S O S O R

B3

SETNX3

| dab BI TCOM

andb #%©0001000 ;?2is BITCOM bit3 == 0?
bne SETNX3

bra G3

| daa 0, x ;this pin is complete keep storing 1's
ora #9%0001000
staa O, x

bra B4

| daa LASTBYT
anda #%©0001000 7?2 is LASTBYT bit3 == 17
beq SETNX3

| daa 0, x
anda #%90001000 :?21is bit3 == 0?
bne SETNX3

;this is a valid solenoid throw spot
;bit2 is already clear

| dab BI TCOM
orb #%0001000
stab Bl TCOM ;set BITCOM bit3

Rk S S O R O

B4

SETNX4

| dab BI TCOV

andb #%©0010000 :?2is BITCOM bit4 == 0?
bne SETNX4

bra 4

| daa 0, x ;this pin is complete keep storing 1's
ora #9%0010000
staa O, x

bra B5

| daa LASTBYT
anda #%©0010000 ;? is LASTBYT bit4 == 17
beq SETNX4

| daa 0, x
anda #%90010000 :?21is bit4d == 0?
bne SETNX4

;this is a valid solenoid throw spot
;bitd is already clear

| dab BI TCOM
orb #%0010000
stab Bl TCOM ;set BITCOM bit4

Rk I S O R S O R O

B5



| dab BI TCOM
andb #%©0100000
bne SETNX5

bra G

SETNX5 | daa 0, x
ora #%©0100000
staa 0, x
bra B6

| daa LASTBYT
anda #%90100000
beq SETNX5

| daa 0O, x
anda #%©0100000
bne SETNX5
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;? is BITCOM bit5 == 07?

;this pinis conplete keep storing 1's

;? is LASTBYT bits == 1?

;?0s bits == 07?

* ;this is a valid sol enoid throw spot

* ;bitd is already clear

| dab BI TCOM
orb #%©0100000
stab BI TCOM

;set BITCOM bith

R I S S S S O S

B6
| dab BI TCOM
andb #%©1000000
bne SETNX6
bra G6

SETNX6 | daa O, x
ora #%©1000000
staa O, x
bra B7

| daa LASTBYT
anda #%©1000000
beq SETNX6

| daa 0, x
anda #%©1000000
bne SETNX6

;?1is BITCOMbit6 == 07?

;this pinis complete keep storing 1's

;? is LASTBYT bit6 == 1?

:?21is bite == 0?

* ;this is a valid solenoid throw spot

* ;bit6 is already clear

| dab BI TCOM
orb #%©1000000
stab Bl TCOM

;set BI TCOM bit6

R I R O S S

B7
| dab BI TCOM
andb #9%40000000

;?21is BITCOM bit7 == 07?
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bne SETNX7
bra G7

SETNX7 | daa 0, x ;this pinis conplete keep storing 1's
ora #%10000000
staa 0, x
bra B8

| daa LASTBYT
anda #%40000000 ;? is LASTBYT bit7 == 17?
beq SETNX7

| daa O, x
anda #%10000000 ;2 is bit7 == 0?
bne SETNX7

* ;this is a valid sol enoid throw spot
* ;bit6 is already clear

| dab BI TCOM
orb #%40000000
stab Bl TCOM ;set BITCOM bit7

R I S S S S S S O I

B8
LDAA TEMP
STAA LASTBYT ;before inx store current byte as |lastbyte
I NX
I NC CTR3
LDAA CTR3
CVPA #34
BNE AGAI N ;increment x and loop through all 34 tine steps
BRA DONE
AGAIN JMP BO
DONE

RTS

Ik I S R S

** SUBROUTI NE ADVance - nove stepper down 255 counts

I I O R S

ADV PSHX
LDX #BASE

LDAA #$f f
STAA CTR

| daa #0
STAA STOP

* ENABLE OC2 | NTERRUPT
BSET TMSK1, X BI T6

* TURN ON | NTERRUPT SYSTEM
CL

WAl T41 LDAB STCP
CWPB #1



BNE WAI T41

* TURN OFF | NTERRUPT SYSTEM
SEI

PULX
RTS

R S T S O S

** SUBROUTI NE Record - records the 8 pin offsets

EE R S S O O

RECORD
LDX #BASE

LDAA PORTA, X ; set plate to go up
ORA #9©0010000

STAA PORTA, X

LDX #$8000

LDAA #0
godwn

jsr KILLT ;move plate down 32 incr.

LDAB $2000
STAB 0, X
JSR ADV

I NX

| NCA

CMPA #31
BNE godwn

JSR ADV
JSR ADV ;honme at 34 again

JSR ADV ; advance 512 counts
JSR ADV

JSR ADV

JSR ADV

JSR ADV

JSR ADV ; 40t h ADV

LDX #BASE

LDAA PORTA, X ; set plate to go down
ANDA #941101111

STAA PORTA, X

(read)

DELAY DEC CTR ;kill 256 E-cl ocks before direction change

BNE DELAY

JSR ADV ; advance 512 counts
JSR ADV

JSR ADV

JSR ADV

JSR ADV

JSR ADV ;total =34

LDAA PORTA, X ; set plate to go up
ORA #%©0010000
STAA PORTA, X

DELY DEC CTR ;kill 256 E-cl ocks before direction change

BNE DELY



Rk S R R Rk S S S R R O b S ok S S Rk S S S I S

** SUBROUTINE WAIT - wait for toggle switch press

Rk O R I Rk Sk b S S R R O b S o R IR R S S b R S b S

VAT

contin

RTS

| dx #BASE

LDAA PORTA, X
ANDA #941011111
STAA PORTA, X

LDAA PORTA, X
ANDA #%©0000010
BNE contin

LDAA PORTA, X
ORA #%©0100000
STAA PORTA, X

RTS
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;turn on waiting |ight

; pol |

;turn waiting |ight off

untill

continue switch is pushed

Rk S b S Rk I R R R Rk S S b S R R b S R R R S S O S R R S o S S R Rk S S

** SUBROUTI NE CLEAR -

Rk S Sk I Rk I R R R Rk Sk S b S R R R b b Sk R R R S o S S O S O R R S R R

CLEAR

MAS

DELY2

DELY3

LDX #BASE

LDAA PORTA, X
ORA #%©0010000
STAA PORTA, X

| daa #40
staa CTR2
JSR ADV
DEC CTR2
BNE NMAS

LDAA PORTA, X
ANDA #941101111
STAA PORTA, X

DEC CTR
BNE DELY2

JSR ADV
JSR ADV
JSR ADV
JSR ADV
JSR ADV
JSR ADV

LDAA PORTA, X
ORA #%©0010000
STAA PORTA, X

DEC CTR
BNE DELY3

RTS

set

cal

set

set

noves stepper up 36 x 256 counts,

plate to go up

ADV 40 ti nes,

plate to go down

ckill

; advance 512 counts

;at zero here

; down one nore

plate to go up

ckill

| at er

down 512 counts

nove back down 6 ADV's

256 E-cl ocks before direction change

256 E-cl ocks before direction change

R S S O O O
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** SUBROUTI NE MODE - deci de node (display 3d or digitize 3d)
* Send back decision in accum A
* toggle switch (PAO), continue switch (PAl), LED (PA5)
EE R I S O O S S O S kS R S I
MODE | daa #$15
staa CTR4

nodl p dec CTR4 ;blink 15 cycles
beq m pend

LDX #BASE

LDAA PORTA, X ;turn waiting |ight off
ORA #9%©0100000
STAA PORTA, X

LDAA PORTA, X ;different flash speeds for 2 nodes
ANDA #%©0000001
BNE not di s

| daa #$00 ;kill time with enter button to escape
| dab #$20
eat psha
LDAA PORTA, X ;if enter is pushed get out
ANDA #%9©0000010
BEQ nm p
pul a
deca
bne eat
decb
bne eat

notdi s | daa #$00 ;kill time with enter button to escape
| dab #$20
eat2 psha
LDAA PORTA, X ;if enter is pushed get out
ANDA #%©0000010
BEQ nml p
pul a
deca
bne eat 2
decb
bne eat 2

LDAA PORTA, X ;turn on waiting |ight
ANDA #941011111
STAA PORTA, X

| daa #$00 ;kill time with enter button to escape
| dab #$20
eat3 psha
LDAA PORTA, X ;if enter is pushed get out
ANDA #%©0000010
BEQ nm p
pul a
deca
bne eat 3
decb
bne eat 3

bra nodl p ; loop back for $5 tines
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m p pul a

m pend LDAA PORTA, X ;turn waiting |ight off
ORA #%©0100000
STAA PORTA, X

| daa PORTA, X

RTS

Rk S R I Rk Sk Sk S R R O b o S R R S b S S R Rk o S

** | NTERRUPT SERVI CE ROUTI NE

Rk O R I Rk S b S S R R O b b S S O R S SRR R S o S

ORG $A000

* | NTERRUPT FROM OC2?
OC2_I SR LDX #BASE
BRCLR TFLGL, X BI T6 RT_OC2 ;| GNORE | LLEGAL
* ; I NTERRUPT
DEC CTR
BNE CONT

I NC STOP
* Disable OC2 interrupt
BCLR TMBSK1, X BI T6

CLEAR OC2 FLAG
BCLR TFLGL, X | NV6

* WAS LAST OUTPUT HIGH? (Bit7:6=0M2: OL.2 Hi =11, Lo=10)
BRSET TCTL1, X BI T6 LASTH ; BRANCH ON YES

PROGRAM NEXT OUTPUT TO BE HI GH
*  SET OC2 OUTPUT ACTI ON
BSET TCTL1, X BIT6 ;OWR: OL2=11 (bit 7 already 1)

*  SET H GH OUTPUT COMPARE TI ME
LDD  TOC2, X
ADDD  PWWLO
STD  TOC2, X
BRA  RT_OC2

* PROGRAM NEXT QUTPUT TO BE LOW
* SET OC2 QUTPUT ACTI ON
LASTH BCLR TCTL1, X BIT6 ; OMR: OL2=10

* SET LOW QUTPUT COWPARE TI ME
LDD TOCZ, X
ADDD  PWWHI
STD TOCZ, X

* RETURN FROM | NTERRUPT
RT_OC2 RTI

R S O O O R

** SUBROUTI NE KILLT - wait
R R R RS SRR RS EEE SRR SRR E SRR SRR R EEEREEEEEEEEREEEEEEEEREEEEEEEEEEEEEEEEEEEEESEE]
KILLT |daa #%$00

| dab #$ff
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deca
bne burn2
decb
bne burn2
RTS

Rk I O O R b O O S O R S

* SUBROUTI NE - | nitSCl

* Description: This subroutine initializes the BAUD rate to 9600 and

* sets up the SCI port for 1 start bit, 8 data bits and

* 1 stop bit. It also enables the transnitter and receiver.
* Effected registers are BAUD, SCCR1l, and SCCR2.

* | nput : None.

* Qut put  Initializes SCl.

* Destroys : None.

* Calls : None.

Rk O S R S O R R O

*

I ni t SCI

PSHA ; Save contents of A register
PSHX
LDX #BASE
LDAA #$30
STAA BAUD, X ; Set BAUD rate to 9600
LDAA #$00 ; Set SCI Mbde to 1 start bit,
STAA SCCR1, X ; 8 data bits, and 1 stop bit.
LDAA #%©0001100 ;. Enable SCI Transmitter
STAA SCCR2, X ; and Recei ver
PULX
PULA ; Restore A register
RTS ; Return from subtoutine

Rk O R R S O R IR R S ok S S R Rk R S R R S R Sk R Rk O o kR

* SUBROUTI NE - | nChar

* Description: Receives the typed character into register A
* | nput None

* Qut put . Register A = input from SCl

* Destroys : Contents of Register A

* Calls : None.

R S R O O S

*

| nChar

LDX #BASE
LDAA SCSR, X ; Check status reg.
ANDA #%©0100000 ; (load it into A reg)
; Check if receive buffer full
BEQ | nChar ; Wait until data present
LDAA SCDR, X ; SCI data ==> A register
RTS ; Return from subroutine

Rk O R R I o S R R Rk S b S b Sk R R S R R S o S S R S S R o ok R

E I S I I

SUBROUTI NE - Qut Char

Description: Qutputs the character in register Ato the screen after

checking if the Transmitter Data Register is Enpty

I nput Data to be transmitted in register A
Qut put : Transmit the data.

Destroys : None.

Calls : None.

EE R I b R R R R Ok R R R O ok kR R R ok S Sk S S R R R O kR R R S b o S R
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Qut Char PSHB ; Save contents of B register
| dy #BASE

Loopl LDAB SCSR, Y ; Check status reg (load it into B reg)
ANDB #%4.000000 ; Check if transmit buffer is enpty
BEQ Loopl ; WAt until enpty
STAA SCDR, Y ; Aregister ==> SCl data
PULB ; Restore B register
RTS ; Return from subtoutine

*

Rk O R R I O R IR S ok S b S R R R O b S R S R R S e Sk b I Rk S Sk O b

* SUBROUTI NE - QutStr
* Description: Qutputs the string termnated by two EQCS's. The starting
| ocation

* of the string is pointed by X register. Calls the QutChar
* subroutine to display a character on the screen and

* exit once ECS has been reached.

* | nput : Starting location of the string to be transmitted

* . (passed in X register)

* Qut put : Prints the string.

* Destroys : Contents of X register.

* Calls : CQut Char.

Rk O R R R R I R O S R kO b Sk R R S S O S R R T S S Sk R R R e ok S Sk O

*

Qut Str: PSHA
Qut Strl:
LDAA 0, X ; Get a character (put in Aregister)
CVPA  #EGCS ; Check if it's ECS
BEQ onenor e ; check for two ECS's in a row
BRA not end
onenor e I NX
LDAA 0, X
CVWPA  #EGCS
BEQ Done
DEX
LDAA 0, X
notend BSR Qut Char ; Print the character by calling
Cut Char
I NX
BRA Qutstril
Done:
PULA
RTS ; Return from subtoutine

Rk S S O Rk I Sk Rk Sk b S o b S R R R S ok R R R S R R R Rk O S

* END OF PROGRAM

Rk S S I Rk I Sk Rk Sk Sk S R Rk kb O b S Sk R R S o S R S O

The following HTML code, Java Applet, Java Applications, and VRML code
compromise the graphical user interface for the 3-D Display Device:

<HTM.>
<HEAD>
<META HTTP- EQUI V=" Cont ent - Type" CONTENT="text/htm ; charset=w ndows-1252">
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<TI TLE>
HTML Test Page
</ TITLE>
</ HEAD>
<BODY bgcol or ="#000000" >
<p align="center"><font col or ="#FFFFFF"><b><font size="+1">Three Di nensi ona
Sur f ace
Di spl ay Devi ce</font ></ b></font></p>
<p><font col or="#FFFFFF">The applet will appear below in a Java enabl ed
browser. </ f ont ></ p>
<tabl e w dt h="87% >
<tr>
<td rowspan="2" wi dt h="48% ><font size=1><enbed src="pinMatrix.wl"
al i gn="basel i ne" border="0" w dt h="538" hei ght ="309">
</ enbed></f ont ></ t d>
<td wi dt h="52% hei ght="106"><a href="http://cimar. ne. ufl.edu/ Cl MAR' ><i ngy
src="clientlng.jpg" w dth="317" hei ght="100" border="0"></a></td>
</[tr>
<tr>
<td wi dth="52% hei ght="204"><font size=1><appl et
codebase o
code
nanme
wi dt h
hei ght
hspace
vspace
align
mayscri pt

"pins. Pi nsAppl et. cl ass"
"Test Appl et

317

203

0

0

top

</ appl et ></ font ></ t d>

</[tr>
</t abl e>
<p><BR>
</ p>
<P ALI G\=" CENTER" >Pi ns<FONT SI ZE=1> </font></ P>
</ BODY>
</ HTM_>

/* PinsApplet.java */
package pins;

import java.awt.*;

import java.awt.event.?*;

i mport java. applet.*;

import java.io.*;

i mport java.net.*;

import java.util.*;

import vrm .external.field. Eventl nSFVec3f;
import vrm .external.field. Event Qut SFVec3f;
i mport vrnl.external . Node;

i mport vrnl.external.Browser;

import vrm .external.exception.*;

*

Pi nsAppl et uses javal.2 API. It contains the

followi ng functionality.

- A graphical user interface to get user inputs

- Comunicates with a VRML nbodel running in an
enbedded VRML pl ugi n.

/

* 0% F X X X
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- Comuni cates with the PinServer program

*
*
* @uthor Arfath Pasha & Jereny Myer
* @ersion 1.0 (7/9/01)
*/
public class PinsApplet extends Appl et
{
/1 may be executed as a standal one program
private bool ean isStandal one = fal se;
/1 toggle to debug node
private static bool ean DEBUG = true;
/1 stores an instance of the browser object
private Browser browser = null;

/1 VRML nodes for each colum of pins in the pin matrix

private Node coll = null;
private Node col2 = null;
private Node col 3 = null;
private Node col4 = null;
private Node col5 = null;
private Node col 6 = null;
private Node col7 = null;
private Node col 8 = null;

/1 Event nodes for the pin translations

private EventlnSFVec3f newlranslationl = null;
private Event Qut SFVec3f ol dTransl ationl = null;
private EventlnSFVec3f newlranslation2 = null;
private Event Qut SFVec3f ol dTransl ation2 = null;
private EventlnSFVec3f newlranslation3 = null;
private Event Qut SFVec3f ol dTransl ation3 = null;
private EventlnSFVec3f newlranslation4 = null;
private Event Qut SFVec3f ol dTransl ation4 = null;
private EventlnSFVec3f newlranslation5 = null;
private Event Qut SFVec3f ol dTransl ation5 = null;
private EventlnSFVec3f newlranslation6 = null;
private Event Qut SFVec3f ol dTransl ation6 = null;
private EventlnSFVec3f newlranslation7 = null;
private Event Qut SFVec3f ol dTransl ation7 = null;
private EventlnSFVec3f newlranslation8 = null;
private Event Qut SFVec3f ol dTransl ation8 = null;

/] text area

private static TextArea textQutput = new TextArea();
/1 button to send information to the PinServer
private Button sendButton = new Button();

/1 button to receive information fromthe PinServer
private Button receiveButton = new Button();

/1 pin heights received fromthe PinServer

private Float fPinH s[] = new Float[8];

private String sPinHt s = new String();

/* network variables */

/1 socket based buffered input stream
private BufferedReader in;

/1 socket based output stream
private PrintWiter out;

/! socket connection

private Socket socket;

/** converts pin heights fromfloats to String
*/
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private void htsToString() {
I nteger iHt;
sPinHts = new String();
for(int ii=0; ii<8; ii++) {
iH = new Integer((int)((fPinH s[ii].floatValue()*33f)/2f));
sPinHts = sPinHts. concat (i Ht.toString());
sPinH s = sPinHts.concat(" "); // white space is the tokenizer

[** converts pin heights fromString to floats
*/
private void htsToFloat() {
StringTokeni zer st = new StringTokeni zer(sPinHts);
int ctr = 0;
I nteger iH;
whil e (st.hasMoreTokens()) {
i Ht = new I nteger(st.nextToken());
fPinH s[ctr] = new Float(((float)iHt.intValue()*2f/33f));

ctr++;
}
}
[** Constructor for the appl et
*/

public PinsApplet() throws | OException {
/'l connect to PinServer
/ /1 PADDRESS MUST BE CHANGED
I net Address addr = | net Addr ess. get ByNane(" 128. 227. 244. 198") ;
Systemout. println("addr "+ addr);
socket = new Socket (addr, 8080);
t ext Qut put . append( " Socket Connection created:\n\t" + socket.toString() +

')
}
[** Initialize the applet
*/
public void init()
i f ( DEBUG)
text Qut put. append("init() called...\n");
try
jblnit();
cat ch( Exception e)
{
e.printStackTrace();
}
}
[** Conponent initialization
*/
private void jblnit() throws Exception
{

t ext Qut put . set Col utms(50) ;

t ext Qut put . set Rows(5) ;

t hi s. set Si ze(new Di nensi on(400, 300));

sendBut t on. set Label (" Send") ;

sendBut t on. addAct i onLi st ener (new j ava. awmt . event. Acti onLi st ener ()

{
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public void actionPerforned(ActionEvent e)

sendButt on_acti onPer forned(e);

}
1)
recei veButton. set Label ("Recei ve");
recei veButt on. addActi onLi st ener (new j ava. awt . event. Acti onLi st ener ()

{

public void actionPerforned(ActionEvent e)

{

}
1)
this.add(textQutput, null);
t hi s. add(sendButton, null);
thi s.add(receiveButton, null);

recei veButton_acti onPerfornmed(e);

[** Start the applet
*/
public void start()

i f ( DEBUG)
t ext Qut put . append("start() called...\n");

/* VRML */
/1 get an instance of the browser
browser = (Browser) vrm.external.Browser.getBrowser(this);
i f ( DEBUG)
t ext Qut put . append(browser.toString());

try

/1 get instances of the nodes

col1 = browser. get Node("col 1");
col 2 = browser. get Node("col 2");
col 3 = browser. get Node("col 3");
col 4 = browser. get Node("col 4");
col 5 = browser. get Node("col 5");
col 6 = browser. get Node("col 6");
col 7 = browser. get Node("col 7");
col 8 = browser. get Node("col 8");

t ext Qut put . append(" Got the nodes\n");

/1 get the newTransl ation Eventln
newlr ansl ati onl = (Event | nSFVec3f)

col 1. get EventIn("set_translation");
(Event | nSFVec3f)

col 2. get EventIn("set_translation");
(Event | nSFVec3f)

col 3. get EventIn("set_translation");
(Event | nSFVec3f)

col 4. get EventIn("set_translation");
(Event I nSFVec3f)

col 5. get EventIn("set_translation");
(Event | nSFVec3f)

col 6. get EventIn("set_translation");
(Event | nSFVec3f)

col 7. get EventIn("set _translation");

newTr ansl ati on2

newTr ansl ati on3

newTr ansl ati on4

newTr ansl ati on5

newTr ansl ati on6

newTr ansl ati on7
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newTr ansl ati on8 = (Event | nSFVec3f)

t ext Qut put . append( " Got

Event | n:

col 8. get EventIn("set _translation");
set _translation\n");

/1 get the ol dTransl ati on Event Qut
ol dTransl ati onl = ( Event Qut SFVec3f)

ol dTr ansl ati on2

ol dTransl ati on3

ol dTr ansl ati on4

ol dTr ansl ati on5

ol dTransl ati on6

ol dTransl ati on7

ol dTransl ati on8

t ext Qut put . append( " Got

}
catch (I nvalidNodeException ne)

{

t ext Qut put . append("Fail ed to get

Event Qut :

col 1. get EventQut ("transl ation");

(Event Qut SFVec3f)

col 2. getEventQut ("transl ation");

(Event Qut SFVec3f)

col 3. get EventQut ("transl ation");

(Event Qut SFVec3f)

col 4. get EventQut ("transl ation");

(Event Qut SFVec3f)

col 5. get EventQut ("transl ation");

(Event Qut SFVec3f)

col 6. get EventQut ("transl ation");

(Event Qut SFVec3f)

col 7. get EventQut ("transl ation");

(Event Qut SFVec3f)

col 8. get EventQut ("transl ation");
translation\n");

node:" + ne);

catch (I nvalidEvent| nException ee)

{

t ext Qut put . append("Fail ed to get

Eventln:" + ee);

}
catch (I nvali dEvent Qut Exception ee)

{
}

/* network */
try {

t ext Qut put . append("Fail ed to get

EventQut:" + ee);

in = new BufferedReader (new | nput St reanReader (socket. getlnput Strean()));
out = new PrintWiter(new BufferedWiter(

new Qut put Streamiiter(socket.getQutputStream())),

cat ch( Exception ee) {
t ext Qut put . append("Error:

[** Stop the appl et
*/
public void stop()

i f (DEBUG)

t ext Qut put . append("stop() called...

try {
out.print("END");
socket . cl ose();

}
cat ch(Exception ee) {
Systemout.println("Error:

true);

unable to create network 1/0in"+

"ClientApplet.start()\n");

\n");

Failed to close socket in " +

"ClientApplet.stop() "+ ee);
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t ext Qut put . append("cl osi ng socket...");
}

[** Destroy the appl et
*/
public void destroy()

{
i f (DEBUG)

t ext Qut put . append("destroy() called...\n");
}

[** sends pin heights fromVRM to server
* when the send button is pressed.
*/

voi d sendButton_acti onPerformed(Acti onEvent e)

{
/1 getting pin heights from VRW
t ext Qut put . append(" Getting pin heights fromdisplay device...\n");
float [] translations = new float[3];
transl ations = ol dTransl ati onl. get Val ue();
fPinH s[0] = new Float(translations[1]);
transl ati ons = ol dTransl ati on2. get Val ue();
fPinH s[ 1] = new Float(translations[1]);
transl ations = ol dTransl ati on3. get Val ue();
fPinH s[2] = new Float(translations[1]);
transl ations = ol dTransl ati on4. get Val ue();
fPinH s[3] = new Float(translations[1]);
transl ati ons = ol dTransl ati on5. get Val ue();
fPinH s[4] = new Float(translations[1]);
transl ati ons = ol dTransl ati on6. get Val ue() ;
fPinH s[5] = new Float(translations[1]);
transl ations = ol dTransl ati on7. get Val ue();
fPinH s[6] = new Float(translations[1]);
transl ati ons = ol dTransl ati on8. get Val ue();
fPinH s[ 7] = new Float(translations[1]);

/1 sending pin heights to server

t ext Qut put . append(" Sendi ng pin heights to display device...\n");
this.htsToString();

out.println(sPinHts);

[** recieve pin heights fromserver and display in VRW

* when the recieve button is pressed.
*/

voi d recei veButton_actionPerforned(Acti onEvent e)

{
/1 request data
t ext Qut put . append("requesting pin heights fromdisplay device...\n");
out. printl n("GETDATA") ;
/1 recieving data from server
t ext Qut put . append("receiving pin heights fromdisplay device...\n");

try {
sPinHts = in.readLine();

catch( Exception ee) {
Systemout.println("Error: Failed to get data fromserver in" +
" receiveButton_actionPerforned()

" +ee) :
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/1 convert string to float
t hi s. ht sToFl oat () ;

/'l recieved val ues being sent to vrni

t ext Qut put . append("Di spl ayi ng heights in VRVM....\n");
float[] translations = new float[3];
translations[1] = fPinH s[0].fl oatVal ue();
newTr ansl ati onl. set Val ue(transl ati ons);
translations[1] = fPinHt s[1].fl oatVal ue();
newTr ansl ati on2. set Val ue(transl ati ons);
translations[1] = fPinHts[2].floatValue();
newTr ansl ati on3. set Val ue(transl ati ons);
translations[1] = fPinHt s[3].floatValue();
newTr ansl ati on4. set Val ue(transl ati ons);
translations[1] = fPinHt s[4].floatValue();
newTr ansl ati on5. set Val ue(transl ati ons);
translations[1] = fPinH s[5].fl oatVal ue();
newTr ansl ati on6. set Val ue(transl ati ons);
translations[1] = fPinHt s[6].floatVal ue();
newTr ansl ati on7. set Val ue(transl ati ons);
translations[1] = fPinH s[7].floatVal ue();
newTr ansl ati on8. set Val ue(transl ati ons);

}
[** Main met hod
*/
public static void main(String[] args)
{
Pi nsAppl et applet = null;
try {

appl et = new Pi nsApplet();

cat ch( Exception ee) {
Systemout.printin("Failed to instantiate applet in main() "+ee);

}

appl et.i sStandal one = true;
i f ( DEBUG)
Systemout.println("Applet initialized");

Franme frame = new Frane();
frane.setTitl e("Appl et Frame");
frame. add(appl et, BorderLayout. CENTER);
applet.init();
appl et.start();
i f ( DEBUG)

Systemout. println("Applet started");

franme. set Si ze(400, 320);
Di mension d = Tool ki t. get Def aul t Tool ki t(). get ScreenSi ze();
frame. setLocation((d.width - frane.getSize().width) / 2,
(d. height - franme.getSize().height) / 2);
frame. setVisible(true);

/* PinServer.java */
package pinserver;
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import java.io.*;
i mport java.net.*;
import java.util.*;
i mport javax.comm *;
import java.lang.*;

/**

* This class nust be executed to run the PinServer program
* Creates an instance of the PinServer program

Est abl i shes the socket connection and contains
procedures for conmunication with the applet.

@ut hor Arfath Pasha & Jereny Myer

@ersion 1.0 (7/9/01)

/

public class PinServer {

bool ean DEBUG = false; // toggle for debugging
bool ean packFrane = fal se;

/1 choose a port outside of the range 1-1024
public static final int PORT = 8080;

Server Socket s;

* 0% F X X X

[** Construct the application
*/
public PinServer() throws | OException {
/'l create the frane
Pi nServer Frame frane = new Pi nServer Frane();

// create an instance of the data structure
Pi nData data = new Pi nDat a();

//Validate franes that have preset sizes

// Pack frames that have useful preferred size info, e.g. fromtheir |ayout

i f (packFrane)

franme. pack();
el se

frame.validate();
frane. setVisible(true);

/* server inplenentation */
try {
whil e(true) {
s = new Server Socket ( PORT) ;

frane. text Area. append("\nStarted Server Socket: "+ s.toString() + "\n");

Socket socket = s.accept(); /1 blocks until a connection occurs
try {
frane. text Area. append("Client Connection Accepted: " +

socket.toString()+ "\n");

Buf f er edReader in = new BufferedReader (new | nput StreanReader (

socket. getl nputStream()));

/1 output is automatically flushed by PrintWiter
PrintWiter out = new PrintWiter(new BufferedWiter(
new Qut put StreanWiter(socket.getQutputStream))),

while(true) {
/* get client nessage */
String str = new String(in.readLine());

/* service client nessage */
if(str.length() !'=0) {
i f(str.equal s("CETDATA")) { /1 send data to client
frame.text Area. append("\nCdient requested data\n");
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/1 get data fromserial port and update PinData
Seri al Read read = new Seri al Read();
i f (DEBUG)
Systemout.println("Serial Read instantiated");

/1 updata data with input fromserial port
dat a. updat e(read. read());
i f ( DEBUG)

Systemout.println("data read");

/1 send data to client
frane.text Area. append("Di spl ay device sent " +
data.getStrData() + "\n");
out.println(data.getStrData());
frane. text Area. append("data sent to client\n");

else if(str.equal s("END")) {
break; // close socket conenction

el se {
frane. text Area. append("\nCient sent data\n");
franme.text Area. append(str + "\n");

/1 updata PinData with client data

dat a. updat e(str);
/! send PinData to serial port

frane. text Area. append("Sendi ng data to serial port\n");
Serial Wite wite = new Serial Wite(data.getByteData());
frame. t ext Area. append("Data sent to serial port\n");
}
}
}

}
cat ch( Exception ee) {

Systemout.printIn("Error: Server |1/O probl enf Pi nServer. PinServer()]\n"

+ ee);
}
frane. text Area. append("Cient Connection Closed: "+ socket.toString()+
\n");
socket . cl ose(); /I al ways cl ose the socket
s.cl ose();
}
finally {
s.close(); /] always cl ose the socket

}
}

// Mai n net hod
public static void main(String[] args) {

try {
new PinServer(); // start the PinServer

cat ch(Exception ee) {
Systemout.println("Error: Could not start PinServer [PinServer.min()]\n"
+ ee);
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/* PinServer Frane.java */
package pinserver;

import java.awt.*;
import java.awt.event.?*;
i mport javax.sw ng. *;

/**

* PinServerFrame builds the G aphical user
* interface for the PinServer

*

* @uthor Arfath Pasha & Jereny Mayer

* @ersion 1.0 (7/9/01)

*

/

public class PinServerFrame extends JFrame {
JScrol | Pane scrol | Pane = nul |;

JText Area text Area = nul | ;

JLabel ingLabel = null;

[** Construct the frame
*/
public PinServerFrame() ({
enabl eEvent s( AWIEvent . W NDOW_EVENT_MASK) ;

try {
jblnit();

}
catch(Exception e) {
e.printStackTrace();
}
}

[** Conponent initialization
*/
private void jblnit() throws Exception {

text Area = new JText Area( 10, 50);
t ext Area. set Text ("Server Log:");

scrol | Pane = new JScrol | Pane(t ext Area);

i mgLabel = new JLabel ();
i mgLabel . setlcon( new | magel con(" pi nserver/ci marlnyg.jpg")
i mgLabel . set Vi si bl e(true);

t hi s. get Cont ent Pane() . set Layout (new Bor der Layout ());

t hi s. set Si ze(new Di nensi on(500, 350));

this.setTitle("Pin Server");

t hi s. get Cont ent Pane() . add(scrol | Pane, BorderLayout. NORTH);
t hi s. get Cont ent Pane() . add(i ngLabel , Border Layout. SOUTH) ;

[** Overridden so we can exit on System C ose
*/
protected void processW ndowEvent (W ndowEvent e) {
super . processW ndowEvent (e);
if(e.getlD() == WndowEvent. W NDOW CLOSI NG {
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System exit(0);
}
}
}

/* PinData.java */
package pinserver;

import java.util.*;
import java.lang. *;

*

Data structure for maintaining and nmani pul ati ng
the pin data.

/

@ut hor Arfath Pasha & Jereny Myer
@ersion 1.0 (7/9/01)

/

public class PinData {

/1 pin heights

Integer [] data = null;

* 0% F X %k X F

[** constructor. Initializes the pin data structure
*/
public PinData() ({
data = new I nteger[8];
for(int ii=0; ii< 8; ii++)
data[ii] = new Integer(-1);

[** updates the pin data with a string as input
* @aramstrData input data in String format
*/
public void update(String strbData) ({
StringTokeni zer st = new StringTokeni zer(strData);

int ctr = 0;
whil e (st.hasMoreTokens()) {
data[ctr] = new Integer(st.nextToken());
ctr++;
}

[** updates pin data with a byte array as input
* @aram byteData i nput data as an array of bytes
*/

public void update(byte [] byteData) {
int decr = 33;

for(int jj=0; jj<34; jj++)
{

if ( (byteData[jj] & (byte)Ox01l) == 0) data[7]
if ( (byteData[jj] & (byte)0x02) == 0) datal 6]
if ( (byteData[jj] & (byte)0x04) == 0) data[5]
if ( (byteData[jj] & (byte)0x08) == 0) datal4]
if ( (byteData[jj] & (byte)Ox10) == 0) data[3]
if ( (byteData[jj] & (byte)0x20) == 0) datal 2]
if ( (byteData[jj] & (byte)0x40) == 0) data[1]

new
new
new
new
new
new
new

I nt eger (decr);
I nt eger (decr);
I nt eger (decr);
I nt eger (decr);
I nt eger (decr);
I nt eger (decr);
I nt eger (decr);



if ( (byteData[jj] & (byte)0x80) ==

decr--;
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[** returns the pin data in Integer form

* @eturn array of
*/
public Integer [] getlntData() ({
return data;
}

[** returns the pin data in String fornmat
* @eturn a String containing pin heights

*/
public String getStrData() {
String strData = new String();

for(int ii=0; ii<8; ii++) {
strData =
strData = strData.concat (" ");
}
return strData;

}

[** returns the pin data in byte form

* @eturn array of bytes containing pin heights

*/
public byte [] getByteData() {
byte[] offPattern =

/1 fill byte array with all

for (int ii=0; ii<34;

for(int ii=0; ii<34; ii++)

{ if (data[O].intValue()==ii)
if (data[1].intValue()==ii)
if (data[2].intValue()==ii)
if (data[3].intValue()==ii)
if (data[4].intValue()==ii)
if (data[5].intValue()==ii)
if (data[6].intValue()==ii)
if (data[7].intValue()==ii)

}

return of fPattern;

}
/:; Test et hod

public static void main(String[]

new byt e[ 34];

$FF' s
ii++) offPattern[ii]

of fPattern[i

of fPattern[ii
of fPattern[ii
of fPattern[ii
of fPattern[ii
of fPattern[ii
of fPattern[ii

of fPattern[ii

args) {

0) data[0] =

I ntegers containing pin heights

strData.concat (dataf[ii].toString());
/1 white space is the tokenizer

new | nt eger (decr);

= ((byte)OxFF);

]

[ A 1 i B —

(byte)
(byte)
(byte)
(byte)
(byte)
(byte)
(byte)

(byt e)

(offPattern[ii] &
((byte)Oxfe));
(offPattern[ii] &
((byte)0xfd));
(offPattern[ii] &
((byte)Oxfb));
(offPattern[ii] &
((byte)0xf7));
(offPattern[ii] &
((byte)Oxef));
(offPattern[ii] &
((byte)Oxdf));
(offPattern[ii] &
((byte)Oxbf));
(offPattern[ii] &
((byte)0x7f));
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String str = new String("15395678");
String retStr = new String();
Integer [] retlint = new Integer[8];

Pi nDat a data = new Pi nDat a();
/1 data.tolnt(str);
retStr = data.getStrData();

retlnt data. getIntData();
Systemout.printin("retStr =" + retStr + ".." );
for(int ii=0; ii<8; ii++) {

if(retint[ii] == null)

Systemout.printin("retint is null");

el se

Systemout.printin(retint[ii].toString() );

/* Serial Read. j ava */
package pinserver;

import java.io.*;

import java.util.*;
i mport javax.comm *;
import java.lang.*;

/**

* Serial Read listens to the serial port for

* jnputs. Once an input is received, an eventhandl er
is executed and the data is read fromthe serial port
into a data buffer.

@ut hor Arfath Pasha & Jereny Myer

@ersion 1.0 (7/9/01)
/
public class Serial Read i npl ements Seri al Port Event Li stener {
static CommPortldentifier portld; // port identifier

E T

static Enumeration portlList; /1 an enumeration of all the ports
InputStreaminputStream // input streamto receive data fromthe port

Seri al Port serial Port; /1 an instance of the serial port

bool ean port Found; /1 boolean to check if the roght port is found
bool ean dat aRead; // boolean to check if all the data has been read
bool ean DEBUG = false; // toggle for debugging

byte[] readBuffer; /1 data buffer

i nt bytesRead; /1 nunber of bytes read

[** creates an instance of the serial port
*/
public Serial Read() ({
/] initialize variables
byt esRead = 0;
readBuf fer = new byte[ 34];
port Found = fal se;
dat aRead = fal se;

i f(DEBUG Systemout.println("creating an instance of SerialRead...");
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/1 get an enuneration of the ports
portList = CommPortldentifier.getPortldentifiers();

i f(DEBUG Systemout.println("portList: " + portlList);

whil e (portList.hasMreEl ements()) {
portld = (ComPortldentifier) portlList.nextEl enent();

i f(DEBUG Systemout.println("portld: "+portld);

if (portld.getPortType() == ComPortldentifier. PORT_SERI AL) ({
i f(DEBUG Systemout.println("got serial port");

if (portld.getNane().equals("COM")) {
i f(DEBUG Systemout.println("created an instance of Serial Read!!");
port Found = true;
br eak;
}
}
}

i f (DEBUG {
Systemout.println("got the serial port for reading");
Systemout.println("perparing to read fromthe serial port");

}

/1 open the serial port
try {
serial Port = (Serial Port) portld.open("pinserver", 2000);
} catch (PortlnUseException ee) {
Systemout.println("Error: port in use:

}

i f(DEBUG Systemout.println("serial Port opened");

+ ee);

/1 create an input stream
try {
i nput Stream = serial Port. getlnputStrean();
} catch (1 OException ee) {
Systemout.printin("Error: unable to create an input stream " + ee);

}
i f(DEBUG) System out.println("input streamcreated");

/1 add an event handler for the port
try {
serial Port. addEvent Li st ener (this);
} catch (TooManyLi st enersException ee) {
Systemout.println("Error:unable to add event handler to the serial port:"
+ee);

i f(DEBUG) Systemout.println("event |istener added");

/1 set port paraneters
serial Port. notifyOnDat aAvai | abl e(true);
try {
serial Port. set Seri al Port Par ans( 9600,
Seri al Port. DATABI TS_8,
Seri al Port. STOPBI TS 1,
Seri al Port. PARI TY_NONE) ;
} catch (UnsupportedCommiperati onException ee) {
Systemout.println("Error: unable to set port paraneters:

+ ee);



}

i f(DEBUG Systemout.println("parans set");

[** listens for input fromthe serial port and returns an array of
* bytes when all the input is read. (34 bytes of data)
* @eturn an array of bytes received fromthe serial port
*/
public byte [] read() {
i f(portFound == false) {
Systemout.printin("Error: port not found. read failed");
return readBuffer;

}

whil e(!dataRead); //Systemout.println("waiting for data");

i f(DEBUG Systemout.println("input streamclosed");

try {
i nput St ream cl ose();

} catch(l Oexception ee) {
Systemout. println("l OException cought in Serial Read.read() "+ee);
}

/'l remove the event handl er
serial Port.renmoveEvent Li stener();
/1 close the serial port

serial Port. close();

i f(DEBUG Systemout.println("read() returning");
return readBuffer;

/** Event handler for the serial port. Gets data fromthe port
* and stores it in a buffer as data is being received
*/

public void serial Event(Serial Port Event event) {
i f(DEBUG Systemout.println("event listener called...");

swi tch(event. get Event Type()) {
case Serial Port Event. Bl :
case Serial Port Event . CE:
case Seri al Port Event . FE:
case Seri al Port Event . PE:
case Seri al Port Event . CD:
case Serial Port Event . CTS:
case Seri al Port Event . DSR:
case Serial PortEvent. Rl :
case Serial Port Event. OQUTPUT_BUFFER_EMPTY:
br eak;
case Serial Port Event. DATA AVAI LABLE:
byte[] tempBuffer; [/ used for flushing port buffer
try {
/! amount of data received
int avl = inputStream avail able();

while (avl > 0) {
tempBuffer = new byte[34];
if(DEBUG Systemout.println("available =" + avl);
int nunBytes = inputStreamread(tenpBuffer);
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i f(DEBUG System out.println("nunBytes= "+ nunBytes);

for(int ii=0; ii<numBytes; ii++) {
readBuf fer[ bytesRead+ii] = tenmpBuffer[ii];

i f (DEBUG) System out. print(
new Byte(tempBuffer[ii]).toString()+" ");
}
byt esRead += nunByt es;
avl = inputStream avail able();

}

i f(DEBUG) Systemout.println("\ndata read into buffer: ");
for (int jj=0; jj<34; jj++) {
i f (DEBUG) System out. print(
new Byte(readBuffer[jj]).toString()+" ");
}

i f(bytesRead == 34) {
dat aRead = true;
i f(DEBUG Systemout.println("bytesRead is 34");

}
} catch (1 Oexception e) {}
br eak;
} // end switch
}
}

/* Serial Wite.java */
package pinserver;

import java.io.*;
i mport java.net.*;
import java.util.*;
i mport javax.comm *;
import java.lang.*;

/**

* Serial Wite wites data to the serial port.
*

* @uthor Arfath Pasha & Jereny Myer

* @ersion 1.0 (7/9/01)

*/

public class Serial Wite {
static Enumeration portList = null; // enunmeration of the ports
static CommPortldentifier portld; /1 port identifier
static Serial Port serial Port; /1 an instance of the serial port
static CQutput Stream out put Stream /'l ouput stream
bool ean DEBUG = f al se; /1 toggle for debugging

[** creates an instance of the serial port and wites the
* given data to the port
* @aram byteStream array of bytes to be witten to the port
*/
public Serial Wite(byte [] byteStream ({
/1 get an enuneration of the ports
portList = ConmPortldentifier.getPortldentifiers();

if(portList == null)
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Systemout.println("did not create an Enumeration of the ports");
el se
i f(DEBUG Systemout.println("created an Enuneration of the ports");

whil e (portList.hasMreEl ements()) {
if(DEBUG Systemout.println("checking port for serial port");
portld = (ComPortldentifier) portlList.nextEl enent();
if (portld.getPortType() == ComPortldentifier. PORT_SERI AL) ({
i f(DEBUG Systemout.println("got the serial port");

if (portld.getNane().equal s("COM")) {

i f(DEBUG Systemout.println("got COM");

try {
serial Port = (Serial Port)
portld.open("Sinmpl eWiteApp", 2000);
i f(DEBUG Systemout.println("port opened");

} catch (PortlnUseException e) {
Systemout.printin("Error: Port is in use: "+e);

}
/1 create an output stream
try {

out put Stream = seri al Port. get Qut put Streamn();

i f(DEBUG Systemout.println("created outpOut streant);
} catch (1 Oexception e) {

Systemout.printin("Error: unable to create ouput stream " +e);}
try {

serial Port. set Seri al Port Par ans( 9600,

Seri al Port . DATABI TS_8,

Seri al Port. STOPBI TS 1,

Seri al Port. PARI TY_NONE) ;

i f(DEBUG Systemout.println("Set port parans");
} catch (UnsupportedComOper ati onException e) {

Systemout.printin("Error: unable to set port parans");}

/!l wite data to the serial port
try {
for(int ii = 0; ii<34; ii++)
outputStreamwite(byteStreanfii]);
i f(DEBUG Systemout.println("data witten to serial port!!");
out put Stream cl ose();
} catch (1 OException e) {
Systemout.printin("Error: wite failed: "+e);}
serial Port.close();
}
}

}
i f(DEBUG Systemout.println("exiting Serial Wite");

#VRML V2.0 utf8
#A Single pin

Transform {
children [



67

Transform {
chil dren Shape {
appear ance Appear ance {
material Material ({

di f fuseCol or 100
transparency 0.5
}
}
geonetry Cylinder {
radius 0.1
hei ght 4
}
}
translation0 1 0
}

Transform {
chil dren Shape {
appear ance Appear ance {
material Material ({
di f f useCol or 100

}

}

geonetry Cylinder {
radius 0.2
height 0.1

}
}

translation0 3 0
rotation0 01 O
}
]

#VRML V2.0 utf8

#A col um of pins

Transform {

children [

Inline {
url "pin.wl"

Transform {
children Inline {
url "pin.wl"

}

translationO0 0 -0.4
}
Transform {
children Inline {
url "pin.wl"

}



translation0O 0 -0.8
}
Transform {
children Inline {
url "pin.wl"

}

translation0 0 -1.2

Transform {
children Inline {
url "pin.wl"

}

translation0 O -1.6

Transform {
children Inline {
url "pin.wl"

}

translation0 0 -2

Transform {
children Inline {
url "pin.wl"

}

translation0 0 -2.4
}
Transform {
children Inline {
url "pin.wl"

}

translation0 0 -2.8
}
Transform {
children Inline {
url "pin.wl"

}

translation0 0 -3.2
}
Transform {
children Inline {
url "pin.wl"

}

translation0 0 -3.6
}
]
}

#VRML V2.0 utf8
#A Pin Matrix

Transform {

children [
Transform {
children [



DEF sensorl Pl aneSensor {
enabl ed TRUE
maxPosition0 2

}
DEF col 1 Transform {
children Inline {
url "pinCol um. w "
}

translation0 0 O
}
]
translation-1.8 0 0
}
Transform {
children [

DEF sensor2 Pl aneSensor {
maxPosition0 2

}
DEF col 2 Transform {
children Inline {
url "pinColum.w "
}

translation0 0 O
}
]
translation-1.4 0 0

Transform {
children [
DEF sensor3 Pl aneSensor {
maxPosition0 2

}
DEF col 3 Transform {
children Inline {
url "pinCol um. w "
}

translation0 0 O
}
]
translation-1 0 0
}
Transform {
children [

DEF sensor4 Pl aneSensor {
maxPosition0 2

}
DEF col 4 Transform {
children Inline {
url "pinColum.w "
}

translation0 0 O
}
]
translation-0.6 0 0

Transform {
children [
DEF sensor5 Pl aneSensor {
maxPosition0 2
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}
DEF col 5 Transform {
children Inline {
url "pinColum.w "
}

translation0 0 O

]
translation-0.2 0 0

}

Transform {
children [
DEF sensor6 Pl aneSensor {
maxPosition0 2

}
DEF col 6 Transform {
children Inline {
url "pinCol um. w "

}

translation0 0 O

]
translation0.2 0 0O

}
Transform {
children |
DEF sensor7 Pl aneSensor {
maxPosition0 2

}

}
DEF col 7 Transform {
children Inline {
url "pinColum.w "

}

translation0 0 O

]
translation0.6 0 O

}

Transform {
children [
DEF sensor8 Pl aneSensor {
maxPosition0 2

}
DEF col 8 Transform {
children Inline {
url "pinCol um. w "

}

translation0 0 O

]

translationl1 0 0O

}
]

translation0 -4 0

}

Transform {
chil dren Shape {
appear ance Appear ance {
material Material ({
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ambi ent I ntensity

di f fuseCol or

}

}

0. 23913

0.89 0.76 0.62
specul ar Col or 0. 53 0.53 0.53
em ssiveColor 0 0 O
shi ni ness 0. 93
transparency O

geonetry Box {
sized4 2 4

}
}

translation-0.4 -4 -1.8

}
ROUTE

ROUTE
ROUTE
ROUTE
ROUTE
ROUTE
ROUTE
ROUTE

sensor 1.
sensor 2.
sensor 3.
sensor 4.
sensor 5.
sensor 6.
sensor7.
sensor 8.

transl ati
transl ati
transl ati
transl ati
transl ati
transl ati
transl ati
transl ati

on_changed
on_changed
on_changed
on_changed
on_changed
on_changed
on_changed
on_changed
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TO col 1.
TO col 2.
TO col 3.
TO col 4.
TO col 5.
TO col 6.
TO col 7.
TO col 8.

set _transl ati
set _translati
set _transl ati
set _translati
set _translati
set_translati
set _translati
set _translati

on
on
on
on
on
on
on
on



APPENDIX C
PART INFORMATION AND DRAWINGS

The following list contains information on the prototype parts that were ordered:

Part Description/Part Number : Supplier/Contact:

Push-Pull Cables— CO90N Savalnd.- (973) 835-0882
4.5-ohm Open Frame Solenoid —4-9000-010-0021 Oak Grigsby — (800) 625-8333
10 turns-inch 3/8-inch Lead Screw - 6350K 13 McMaster Carr — (404) 346-7000
10 turns-inch Precison ACME Nut - 95075A227 McMaster Carr — (404) 346-7000
Extra Thin Wall Tubing, 18 gauge — 5560K 427 McMaster Carr — (404) 346-7000
Metric Blue M4 Screw, 50mm length — 91303A069 McMaster Carr — (404) 346-7000
Metric Blue M3 Screw, 6mm length —91303A006 McMaster Carr — (404) 346-7000
Metric 2mm 18-8 Steel Dowel Pin —91303A010  McMaster Carr — (404) 346-7000
Metric 3mm 18-8 Steel Dowel Pin —91303A060 McMaster Carr — (404) 346-7000
Miniature Rotational Solenoid — 5462 Daco Ins. Co. —(203) 874-2515
6 Volt DC Stepper Motor — 23H-700 Servo Systems — (800) 922-1103

Stepper Motor Controller — CMD-50 98150510 Servo Systems —<{800) 902-1103

The following drawings were sent to Y uhas Tooling & Machining, Inc. in Milpitas, CA
[(408) 934-9197] for part fabrication:
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