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Abstract

In the course of creating a simulation to trainergtary students to perform canine acupuncture
there are several obstacles that must be overcddm® such obstacle is training a student in sugfag
that canine acupuncture can be practiced in a watld scenario, on a life-like dog replica, withahe
ethical issue of inexperienced practice on a ligg.dIn the SimPooch project we have used the Rytho
programming language to create a computer prograat €ncases a life-like mannequin of a MRI image
of a dog with a three dimensional object. In faishion, the program, through the use of a haptizick,
can simulate and detect acupuncture punctures emtinnequin. The final goal of the project is to
develop a process to manufacture a canine acuptmsimulator which has the ability to grade an
acupuncture student’s performance.
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[. Summary

The SimPooch senior design team’s purpose is tigmesd fabricate a canine acupuncture
simulation system. The system was first concejzedlby Dr. Narda Robinson and Dr. Regina
Schoenfeld-Tacher of the CSU College of Veterindedicine and Biomedical Sciences. They
expressed a need for such a system due to ththéathey had no save, reliable and repeatabletovay
train students to perform canine acupuncture. eetegquirements and goals were determined after
meeting with Dr. Robinson and Dr Schoenfeld-Tac¢héhe spring of 2006. The team has since pursued
development along two separate avenues. The @hygsinine head modeling process was the primary
concentration of the Fall 2006/Spring 2007/Fall@mPooch Team.

The goal of the Physical development track waseate an anatomically correct canine
mannequin for the use of palpation during acupuectThe team used a CT scan of a Labrador
Retriever's head to obtain three-dimensional datai$e in both the Physical and Virtual systemke T
team then used this data to create a prototypdtasidia canine head. Through the use of a compute
program called Amira, the team was able to conheriCT scan data in to a .STL file. This file alx
the team to order two rapid prototypes from Protigea canine head and a canine skull. The team th
used the canine head to create a negative moldy tfhien placed the canine skull inside this negativ
mold and filled the negative mold with a soft Silicmaterial. The soft silicon material then sdigtl in
the shape of the canine head, representing the flegh layer. This process resulted in a canine
mannequin that would be used for palpation in thrikator. For a more in depth analysis of the Riafs
System, please read the SimPooch Spring 2007 Eargigereport.

The goal of the Virtual development track was &ate a computer program that records an
acupuncture student’s touches on the physical namme The team used same data that was obtained
from the CT scan to create a three-dimensionaid¢gpbject. This object, when used with the Sdesib
Phantom Omni Haptics Stylus, would represent timneamannequin inside the computer program. The
program itself should perform two tasks. The fiestk is to provide means to grade an acupuncture
student on how accurately they performed the acttpg The second is to provide the student with a
correct sense of touch feedback while virtuallygieating the canine

The project’s final goal is to integrate these tewelopment tracks into a final system. This
integration gave rise to a third area of developtée Base Stand. The goal of the Base Stand
Development is to create a mounting device forcdr@ne mannequin from the Physical system and to
provide the Virtual system with the rotational fimsi of the mannequin.

The Physical development of the mannequin andsge@ated development of a process to create
such a mannequin were completed during the SpBAF 8emester. During the Spring 2008 semester,
the team was able to continue and finish the devedmt of the Base Unit. The Spring 2008 team was
also able to create vital, base functionality i@ Yirtual computer program. The program now resder
the onscreen canine object, rotates that objeetthas the signal from the Base Unit, and logs tesach
upon that object by the virtual needle. Severalgwere set for next semester’s team, as thiegrrbps
the potential to develop into a very accurate, safaing device for acupuncture students.



Il. Introduction

A. Background of Acupuncture

The science of acupuncture has been practiced/&r$500 years, and it is still used as a
clinical remedy for many illnesses and conditioltshas typically been understood to relieve thié ifga
body through energy points of mystical power. Thisconception has led many to accept acupuncture
as a holistic practice rather than a scientificcpss.

Acupuncture, more specifically, is the abilitypecisely place fine tipped needles in locations
that stimulate a nervous or muscular reaction. groper placement and combination of pins can aase
wide range of conditions, including decreasing ealwend soreness, improving recovery treatment and
reducing stress.

“Animal acupuncture points have been derived framm€se point drawings as well as from
transposing one or more systems of human acup@ngtints onto animal anatomy.” This caused an
inconsistency in point locations. Thus, two pointth the same name have markedly different locatio
between humans and non-humans and, as a resuttawd different physiologic effects and applicaso

Canines undergo acupuncture to strengthen the Bgiimaune system, relieve pain, and
improve the function of organ systems. Acupunctae help such fundamental problems as paralysis,
arthritis, gastrointestinal problems, certain reluctive problems, and pain. The treatments stitaula
nerves, increase blood circulation, relieve musplsms, and cause the release of such hormones as
endorphins and cortisol.

B. Need for an Acupuncture Simulator

An acupuncturist requires substantial knowledgeexperience for optimal medical benefit. The
acupuncturist must understand human/animal anasomdyphysiology in order to identify the location of
a nerve and its effect on the body when stimulbted needle. In addition, she must also recoghiee
body’s response to the needle at each stimulatiart.pDue to anatomical differences within one
species, the location of each point may vary fratigmt to patient. “The variability in veterinary
acupuncture point locations has drawn considem@aitieism, not only from skeptics but also from
students who earnestly desire to master the drhe@me frustrated when they learn that many
instructors and practitioners place the pointsiffeiknt locations,” comments Dr. Narda Robinson.
Thus, it is critical to study the body’s responselétermine if the acupuncturist inserted the reeedl
correctly. For example, each tissue of the bolin(snuscle, bone, etc.) will provide a different
resistance to the needle allowing the acupunctiridetermine needle location by the “feel” of the
insertion. Also, when correct insertion is achiveerve stimulation by small movements of the feed
will result in a small muscle contraction at theencture point. For the patient, this may reisult
“tingling” or “cold” sensation at the insertion i Human patients are able to verbally commuagicat
with the acupuncturist about the proper placem@&hie ability to recognize each response requires
practice that, at this point in time, cannot bewated on anything other than a human. This provée
the difficulty of canine acupuncture; no resporae loe given by the animal. Slight movement may
occur if the animal experiences discomfort, busoes cannot be identified.

Although educational acupuncture on animals andwed allows a student to practice on real
bodies with true anatomy, there is no way to deitsemhen correct location of the needle is achieved
An acupuncture simulator would be an ideal toa@danelerating the learning process of students that
attend acupuncture training sessions across thargouA simulator can be designed to generate
feedback when determining the proper placementnafealle. A certification mode will be required éstt
the student’s ability to correctly identify and pémate several acupuncture points given no feedbtnek



than the sense of touch from the needle. Trackiagtudent’'s performance will be essential upon
certification. The testing method also removes d@ranbias, often found in testing situations.

The simulator will allow the students repetitionilgtraining, refining the students motor skillig is a
critical aspect to successfully mastering the adegdaachniques in acupuncture. The simulator also
provides a safer alternative than in vivo (alivetiuction.

It is the goal of this project to design a prot@tygd an acupuncture simulator that can be used to
certify students in basic acupuncture techniqueserapecifically proper point location. Anticipdte
success of the simulator will be determined byliity to provide an accurate sense of touch faeklb
using tissue resistance and visual or audio natifio when to the acupuncturist inserts the needle
properly.



[1l. Problem Statement

The goal is to create a medical acupuncture stoutamprised of a life-size, anatomically
correct, physical model with a computer-based hajititerface providing sense of touch force feeklbac
for students to learn and practice methods oftiawil Chinese acupuncture. Competency testing and
certification examinations will compare the studentsponses with the correct point location arlivele

feedback to the user (student or instructor) asogiate.



V. Constraints
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Proper location of 83 cranial acupuncture gomust be identified and implemented in the model s
that it may serve as an accurate tool for education

Each point must respond to 800 cycles in ai@enaintain effectiveness as a training aid. The
material needs to be healable, pliable, but retistedeformation from creep.

The surface of each point must not show wetrdwisible eye at 0.5 meters.

For ease of transport, the simulator must wkighk than 20 Ibs.

Cost of the simulator must not exceed $25,000.

The simulator must accurately represent théocws of the canine.

Each point must be properly located withinahatomical layers of the simulated canine skull.
Each anatomical layer must simulate the tag#ponse of an applied load.

The skull must be self supporting

. Each point must be properly located within arbaphere of the anatomical layers of the simulated

canine skull.



V. Design Detail

Below is a flow diagram of the preliminary desigfithe project. To create anatomical likeliness,
it was determined that a CT or MRI scan be usedth®data. With this data the team can use AMIRA, a
advanced 3D visualization and modeling systemreate a .STL file. Ultimately, the mannequin anel t
materials can be mapped to vertices to createdimpater model.

MRI or CT Scan Data

\ 4

AMIRA Solid Model

__ rotation .
Computer Model [« » Physical Model
A A
ul H3DAPI touches
A\ 4 \ 4
User « » Haptics Device
stylus

Figure 1. Project Design Layout

The user will use the mannequin to palpate antltfie appropriate acupuncture point. Then, the
haptics device will be used to perform the acupurecprocedure on that point. The haptics devickbail
mapped to the computer model, so the points cdrabed, and the appropriate sense of touch feedback
will be given to the student. Based on the abawegrlure, the student’s abilities can be graded.

A. The Physical System

The physical system is comprised of a stand tblaistthe mannequin. The physical model
allows the user to perform palpation to identifg ttorrect acupuncture location. With anatomically
correct features, the mannequin will provide ther wgith an accurate palpation experience. The
mannequin was developed from a CT scan, which wagerted in Amira. Details of the design, analysis
and procedure of the physical system can be foutitkl SimPooch Spring 2007 Engineering Report.

B. Data Conversion

To create the anatomically correct mannequinas whosen to use a Computed Tomography
(CT) of a canine. This will allow for exact datmetttly from the canine. A Magnetic Resonance lemag
(MRI) was also an option. A research study wastpklace at the CSU Veterinary Hospital using
Walker Hounds, so MRI scans were available. De Kraft and Mrs. Betsy Sestina offered their
expertise in reading MRI scans and identifying iperit features of the canines head. After the MR$ w
taken, Wes Womack, a graduate student at Colorade Bniversity provided his time and effort while
using Amira. Amira, as mentioned above is an adedr8D visualization and modeling system that is
very useful for displaying and converting 3D imaltg¢a The program was used to convert the MRI &
CT scans to .OBJ (object) and .STL files.

The first MRI that was taken was hard to operthase were several series of scans in all X,Y,
and Z directions mixed together. If an MRI is usbe, user needs to recognize the series that pomds
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to the data going front to back, or top to fronddld be used--there are several free programsémabe
used to determine this (ImageJ, Idioimaging,eteic€the data was finally recognized and opened, the
head was squished and hard to decipher differetdriaks. Apparently, the deceased canine was wrhppe
in a plastic wrap that deformed the flesh. The bgdn content of the wrapped material was very dose
that of flesh, so trying to identify the materigl®ved to be nearly impossible. After hours ohitfging

the differences, the following image was obtained:

Figure 2. Distorted Walker Hound

If the data of this Walker Hound was used to créagemannequin, the student would not experience an
accurate palpation experience. Anatomical likekn@suld not be achieved if this data were used.

Wes happened to have a CT of a Labrador that bhis peers performed a spine analysis. The
one problem with the CT was the top of the canivessd was not in the initial frame of the CT, so the
image wasn't complete. Fortunately, by going tigtoevery slide, and identifying the top of the head
a previous slice, one can interpolate and creayaaccurate representation of the missing aspect.
Also, Amira allows the user to identify materiaksied on gray value (also known as Hounsfeld Uaits)
selection techniques. The gray scale method wasfirsebecause it narrowed down a lot of smalkare
ImageJ was used to obtain values for the pertimatérials, so easy identification would occur while
examining the scans. An example of the valuesiudrasee the table below.

M aterial |Min Value|M ax Value
Air -1150 -30(
Fat -29¢ 20
Muscle 21 99
Bone 100 235pD

Table 1. Average Hounsfied Unitsfor Pertinent Materials

Amira converts the gray values to positive valassysually seen on MRI scans. First, the bone
layer was identified because it has the gray sellee, and it will be simple to remove and seldlobfa
the other materials. Only bone and flesh were ifiedtbecause palpation only concentrates on the
underlying anatomical features of the skull. Theref muscle and fat are not necessary for palpation
purposes.

The development of the program will eventuallyuieg| identification of separate materials
including muscle and fat but may be in semestecstioe and the MRI will be needed for an accurate
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identification. Once the bone was identified, thatenial was completely removed and everything else

was identified as the “fleshy layer.”
From this data and the identified materials, thalsnd the fleshy later with the skull were made

into .STL files for the creation of a rapid protpéy The final data used can be seen in the figelmb

Figure 3. Final Triangle Mesh Mode

C. The Base Unit

Since the haptics device has a limited worksp&ea® pptions were available. One was to create a
rotating mannequin, with a stationary machine.s™Mmuld basically cause the head to rotate ardumd t
haptics device. A second option was to create grano through the haptics device with several zeros,
and have the haptics device travel around the ntaime

Figure4. Stationary Head Option

Since little information was known about the pargming, it was thought that for simplicity, the
head rotate with a stationary haptics device. Wusld require the physical model to rotate
simultaneously with the computer model. While,ralitely, it integrates the models, it's shown on the

flow chart as just a part of the physical system.
When designing the stand, the team consider dex@matraints. The stand needed to be a self-

contained workstation for acupuncture studentsenilusing several components. The constraints and
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criteria of the stand design included consideratifmn many pieces of the project. Constraints and
criteria were determined through the mannequin indagptics device, drive train, computer and
electrical interfaces, controls, cooling of thecaitry and input from Dr. Narda Robinson.

Essentially, the purpose of the stand was to peoaidgid link between the haptics device and drare
mannequin. The rigid link is essential for theject because the virtual model of the canine shaes
same space as the physical mannequin. The twolsnoged to be geometrically coincident with respect
to the haptics device to provide an accurate iaterbetween the students determined location of the
acupuncture point and the geometrical coordinaterded by the haptics device.

/__:;7""-\-\._‘_\_“‘1‘-4._
X e N
—F>—h

Figure 5. Haptic Device and Mannequin

A major concern of Dr. Narda Robinson was thatstiamd and components would be durable
enough to withstand several years of use by herimary students. Eight hundred cycles was the
estimated as the life requirement of the systertso,Ahe stand assembly needed to be easily
transportable.

Initial Design

Below was the initial stand design in an explodiedv with the general components labeled.
Functions of these components can be found below.

Rotating Mannequin\
e Haptics Device

Sidewall with

. .
Fan Cut outs - > .<A/-Circuit Placement
=
—

Figure6. Initial Stand Design

Stand Features
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The figure below shows the assembled chassisrleSige key features are the handle cut outs
on the end and the hole on the top surface whereutput shaft comes through to connect to the
mannequin-mounting bracket.

Output Shaft Hole

Handle Cutout

Figure7. Assembled Chassis

Stand Design Iterations

The rotating mannequin requirement added a feweroonstraints to the design. The stand
needed to be large enough to accommodate the spaded to allow the mannequin to rotate about a
center axis. The mannequin also needed to be mdsp@bove the stand to allow room for palpation
under the mannequin’s jaw and head. Also, theeptieat connected the mannequin to the driven shaft
could not impair the student’s ability to palpaseveell as remaining clear of the haptics devicecukate
recording of the mannequin’s angular orientatios wa important constraint to consider so the Virtua
and physical models continue to remain alignedhasrtannequin changes orientation. The tolerance of
the acupuncture points greatly influenced the &vlee of the angular positioning as well as theed&fn
in the X, Y, and Z planes. An estimated angulaitming tolerance needed to be within 3 degrees,
while the deflection in the X, Y, and Z planes regtb be less than 5 mm.

The computer and electrical interface needed &tiynand easily connect to the stand. The
locations of the connections needed to be nednaptcs device to limit the bulk produced by thevpo
and data chords. Additionally, the power and datards needed to be easily unplugged from the stand
make transport of the stand easier. The powergagpnell the other internal components of theugdir
need to free from obstructing moving componenthefstand while not overheating.

Planning to accommodate all the physical requiregmef the stand proved to be a valuable step.
The stand was needed to house many componentastich DC stepper motor, pinion and driven gears,
circuit boards, power supply, and motor controthdéd features that are attached to the externaigas
includes: two cooling fans, USB connector, andagycentry module. Handles on the sides of thedstan
were incorporated to make it easy to lift. All@hical connections are made on the panel withglug
thus eliminating loose wires hanging from the stdadng transportation.

Chassis Design

The design process for the chassis began by ekaqréristing chassis designs. The final design
subsequently used features found on chassis aPT.Bxo Engineer’s sheet metal feature was used to
create the chassis design. Several iterations meade before reaching our final chassis desigre Th
final stand design consists of four pieces. Thgdst piece forms three sides — the bottom andsities.
The front, back, and top of the stand are maderatgha and bolted together.

The design of the front panel called for an as$ening standoffs to provide the air-intake for
cooling and provide a location for potentially adglia glowing effect at the junction using LED’sud)
fans pull air through the gap at the faceplater¢éate convection current that cools circuit commbsie
Slots for handles, USB, power entry module andcienswitch were strategically placed on the design
to allow for a clean finish and for great eases#.u
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The construction process of the stand began bingale individual pieces cut from 14 gauge
steel sheet metal. Metal Tech Ind., a local verdoour pieces with a CNC laser cutting maching an
placed the notches and bends with a Bend Pres@ndor was used because the stand had complicated
geometrical cuts on large pieces of sheet metailnbald be difficult to cut and hold securely irethill.
Once the individual pieces were prepared, the stasdassembled with #6-32 screws and press-on nuts.
The press-on nuts are advantageous because theyassdmbly and disassembly very easy. The final
surface finish on the stand was applied with bizaikt.

The haptics device does not have a large enowgi te cover the entire mannequin surface so
the mannequin needed to be able to rotate. Tha@egaim spins on a eight inch radius so the placemen
of the haptics device was designed to sit on theermf the user side as close to the mannequin as
possible without interfering with its path. Hagstidevice mounting holes have not been placed otothe
of the stand to allow for better control of thegament of the haptics device in the future.

The locations of internal circuitry were deterndradter the drive train was installed to insure tha
the two do not interfere. Once the locations vekrermined, transfer punches were used to placaria m
on the drill spot. After the holes were drilleddazountersunk the circuitry was installed usingdidfs
of allow for more airflow beneath the circuit cormemts. Making the electrical connections was #éisé |
step in the assembly process.

Connected motion

The mounting bracket connects the canine manneqguire output shaft. It is made from %4 inch
square aluminum tubing connected to two collar plgemThe aluminum tubing was cut into 4 and 8-inch
sections with a 45° angle cut at one end of eddte other end was cut with an end mill to the outer
dimensions of the collars. The smaller clamp &ttddo the % inch output shaft and was weldeddd@th
inch section. The 4-inch section was welded tddahger clamp that attaches to the 3/8-inch rod
imbedded in the mannequin’s skull. The figure estows the clamp that was used in the design. The
two aluminum sections were welded together at 8feadhgles to create a 90° junction. After the
aluminum cooled, the welds were cleaned up usingitessander then the part was primed and painted
black.

Figure 8. Coupled Magnetic Encoder

The mounting bracket remained relatively closth@initial design but it was the last part to be
designed and built. The absence of the manneqader difficult to determine the required dimemsio
The mounting bracket needed to attach the mannégtive output shaft without interfering with
palpation. The design to attach the bracket ab#tok of the head made the most sense because it
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remains out of the way and provides access to nedér the head. The design was created using Pro
Engineer but we were not able to get the Pro Mdcharerification to work correctly. In order todq

the design process moving manual calculation wegtopned to estimate the size of the aluminum
tubing. The mounting surface between the bragkdtthe mannequin saw a last minute design change.
The original design is shown in below. The origjidesign called out a bolted connection between the
bracket and the mannequin. The design was chaongesk a larger size of the same collar used to
connect the mannequin to the output shaft. Thiggdechange allowed for the collar to be welded
directly to the bracket as well as creating a nstreamline appearance.

Rotational M easurement

The initial idea for the angular sensor was ttailth&IC controller to the Base Unit's gear system
that would be able to detect how much the mannemtiated after a given amount of drive time. The
PIC controller would then send a reading througiR8232 Signal encapsulated in a USB Device. After
a great deal of testing, the team decided uponcdmmore efficient and cost effective way to accastpl
the task of rotational measurement.

Magnetic vs. Optical Encoder:

The original idea was to use a magnetic or opégoabder which would send back a voltage
through an analog to digital converter. Becausag¢hm decided to dedicate time to re-design the
internal circuitry, the new goal was to come uphwétproduct that could reliably give us a readiridivw
a ¥ degree of accuracy instead of the proscriteetBees. First research was done on a rotary encod
It turned out that this solution would not end @ving a high enough resolution, as it would notnelve
accurate to one degree. Looking further into amatig encoder it was found that the accuracy washmu
higher. A miniature absolute magnetic shaft enc@dld3) manufactured by US Digital, was found to
be ideal for our project. This magnetic encodédk lveive an output transition noise of +/- .06 degte

Analog to Digital converter:

After doing research on the A-D converter, anahinodel (DU-148U made by DataQ
instruments), costing 50 dollars plus shipping, selected that allows for +/- 10v analog signal
conversion. The resolution of this converter W mV. Accounting for an input voltage range d O-
volts, this method would only allow for us to haagproximately 250 different readings, which woudd n
be suitable for the project. Instead, the teamacset] a slightly more expensive model (DU-158U)akhi
would have a resolution of <6mV. This would alléav approximately 1250 readings allowing for
measurements with an accuracy of approximately @e2@ees.

22 DI-158 Acquisition 470B63F6

File Edit ¥iew Sgalng Options Help

Mode: Oscill Channels: 4
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5.0000
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Figure9. Base Unit Output as a Wave
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Attachment and Testing:

After deciding on the internal circuitry, the tedsd to design how to mount the encoder into the
preexisting Base Unit setup, and how to ensureethvass a certain amount of tension to prevent the he
from freely spinning during simulation. The inlti@an was to attach the MA3 with a belt and pulley
while maintaining the motor drive to prevent frggrs An image of this setup is included below ptm
deciding this was not a practical idea. After easthtion the encoder was not consistent in ita datput
because of the belt's tendency to slip. The secondept tested was to attach the encoder undarneat
the current shaft using a coupling as depictetiénrnages below. After mounting the new system,
testing illustrated that it was indeed an extrenaglgurate solution.

D. The Virtual System

The virtual system is comprised of the hapticsa®va computer and computer model of the
canine. The haptics device is used by the studguerform acupuncture. As mentioned, no matésial
penetrated, it's all virtual. The haptics devidd provide the user with a different force for tHéferent
materials contacted with the stylist. The feedbaltdws the user to know if the target point is teated
with the virtual needle.

Computer Hardware Requirements

While the specifications of the computer were &pslefined by the customer, the acupuncture
team arrived at several requirements that would nede fulfilled in order for the purchase to be a
success. The underlying basis for all conclusistisat the computer must handle a large amount of
visible data in a “real time” fashion. In othermds, no visible or physical lag must be presentrwhe
processing the program. The following section$lijt a few of the categories that were emphasized
the computer design.

Pr ocessor

The processor that was chosen was the Intel(tmg™@2 Duo Processor E6700 processor
installed by Dell. This provides two cores of ggesing power at 2.67 GHz, 1066 MHz front side bus
and 4mb of L2 cache. Simply, for our given priaage, this was the most efficient use of the fuads,
there would not be a processor too powerful andrability to know exact necessary qualifications a
the time. The high FSB was critical in that ibfsen a limiting factor in the effective speedio
package.

Video Card

The main criterion for the video card would bedlslity to handle large amount of visual vertices
and at what pace. The video card that was choassrapproved for compatibility with the purchased
Dell system. The video card, GeForce 7950GX2s|eially capable of processing large data strastur
suggested at by its 1GB memory capacity. The icarated at being able to process 2 billion vestioer
second; a critical characteristic of the card. tihenmore, with a 1.2 GHz effective ram speed, diddo
outputs and 512 bit resolution, it would be abladbonly render the objects for the test subjaat.also
on a projector or second monitor for a class aukechall to view. By using a video card with sichigh
effective memory rate, the video card would nolilmiting the speed from the other computer
components.
Memory

One distributor of the SensAble product recommdratdeast 2 GB of memory, an increase of
the manufacturer’s requirement of 512 MB. We chosestall 2 GB DDR2 SDRAM at 667 MHZ. We
have the capability to expand the system up to &GdEmilar memory
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Other Hardwar e Requirements

* The SensAble system requires a IEEE Firewir¢ foolits communication

» While the models can be as large as 750MB, nsanystill be stored on a standard hard drive
readily available. We chose a 160 GB high spese 10,000 RPM) hard drive with a transfer
rate of 1.5 GB/s to ensure that the data couleebiéeved without overloading the cache and
slowing down the system.

 We chose a 19" LCD monitor for both a minimaski®p footprint and large viewing area for test
observation.

» The system has a DVD burner to allow transfeheflarge files without multiple CDs.

Haptics Device

The haptics device is the main component of theal system. The user moves the stylist and
virtually penetrates the canine, and the haptietcdagives the users hand a force feedback respddti
the material the student has penetrated.

The choice to pursue a haptics system was madaibeof the high reliability, consistency and
reproducibility that would be available with suckystem. The ability to use the haptics device to
virtually recreate the desired surface was a l&geor in the decision. Initially, it was perceivthat a
haptics device would be chosen so that it wouldhie to operate in a workspace large enough to
encompass all regions of the canine skull. Thdl skas approximated as a volume 10 in x 8 in x.6 in
The group decided that to allow full accessibilayJeast 3 inches of workspace would have to be
available in all directions around the skull. §provided us a working space of 13 in x 11 inin.9
After an introductory research, it was quickly readl this would not be a realizable criteria. ®els a
brief description of the available systems that Mdulfill such a requirement.

Model Workspace Cost

Sensable Premium 3.0 [|33” x 23” x 16” $60,500
Haption Virtuose 42.5” x 35.5” x 23.6” | $112,000
Sensable PHANTOM 3.0 |33”x 23" x 16” $79,000
Force Dimension 14.2” x 14.2” x 12” $28,000

Table 2. Haptic Device Comparison

Immersion, another independent firm that develoggstic devices, provides a glove that would
give a workspace of approximately 18" in each dioeg although the glove weighs nearly 20lbs and
costs $54,000. This was also eliminated due to bost and weight criteria violations.

Figure 10. Sensable Phantom Omni
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Conceptual Development Program

To begin the development of the large haptics fanmg a conceptual development program was
designed as a building block for the larger prograknfirst it was thought that an orange couldused
as the development program object. The simple g@iahape and layers would serve as fundamental
aspects to focus on for the program. Thus, tha tao performed a CT Scan on an orange. This CT
model would serve as a simple object for the puemdgapid, iterative development.

Test Development Program

The test program consists of a dog object renderadhree dimensional haptics environment.
This environment has a cursor in the shape of argplihich represents the current position of thietpo
of the haptics device in relation to the dog. Thetics device is a Sensable PHANTOM Omni. This
device is connected to our Computer through a fieeport and acts as a three dimensional cursor.

To begin development, only the tools provided bgsaéle were available. Along with the drivers
needed to operate the Omni, Sensable sold a seffreakage called the OpenHaptics Toolkit. In this
toolkit were various examples (both source codecamapiled executables) through which the Omni
device could become familiarized. These exampdesisted of modules such as: CannedForceEffect,
Events, and DeformableSurface. The module thatstidhe most promise was one named
HapticViewer. The HapticViewer example create®aHaptics Environment and allows the user to
import and interact with a Wavefront *.obj file.

The CT scan data we received was a file in theanfamat. This *.am file is an Amira Mesh file
which is essentially a list of integers which déses a three dimensional image. Each differeeget in
the file describes a different material. In thargge.am file, the different integers from 1 to 3atibing
the peel, the inside of the peel, and pins (0 sspEs empty space). For example, the followirg fil
describes a single black point in a 3x3 Amira Mektvhite points (each integer in the file is cobmded
with that same point in the diagram, these coloraat appear in the *.am file):

000000 0 0
000000 /
010000 0 9/% 0
000000 | =P 0.9 @ O
000 0

0

Figure 11. Conceptual AMIRA Mesh (*.am) File

The Wavefront *.obj file is significantly differén It represents a 3D object through describing
surface triangles. These triangles are made uprtites and faces. In a Wavefront *.obj file, the
vertices are listed first and then faces comprisethe index values of those vertices. The foltayvi
example describes a 4-faced pyramid as a Wavefroitfile:
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vx1lylzl //vertl
vx2y2z2 [/vert2
vx3y3z3 //vert3 x1,y1,21
v x4y4z4 [/vertd
fi123

f124 —

fi134 x3,y3,23

f234
x2,y2,z2

x4,, z4

Figure 12. Conceptual Wavefront Object (.obj) File

To convert our orange.am file into the orangefitdj we used a software tool developed by
Mercury Computer Systems, Inc. called Amira 3D. iren8D allows the user to generate a 3D surface
out of a 3D mesh and export that surface as arj fileb Now that we had the orange.obj file, weds
the HapticViewer example from the OpenHaptics Tivdtkrender it in the 3D Haptic Environment. At
this point we had a virtual orange, floating inethispace, which we could “touch” with the Omni.
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Tineeives b & nese from & LageDish Data chiect e
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Figure 13. AMIRA Screenshot

From there, the next objective was to build Hafigever from source instead of using the
supplied, precompiled executable. This step wagired because the HapticViewer could not be
changed in any way (like adding forced feedbackvent handling) without adjusting its source codle.
do this the C++ files were imported into Microsgfsual Studio 2005. This method of development
proved to be tedious. The supplied code woulccnotpile on the system because of various dynamic
library linking problems. Visual Studio could coitepthe supplied C++ code files, but would err wiiten
tried to attach those files to the system filedusgthe Omni advice.

After a lot of troubleshooting, it was determintdt an abstraction layer between the developed
code and the Omni System was needed. An absmdatjer, also known as an API (Application
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Programming Interface), allows a programmer to dpgehis development. The API deals with all the
system level problems so that the programmer dbhamk to. It creates an environment that the
programmer can program on top of instead of intémtadirectly with the operating system and device
drivers. The best APl we could find was availdbden H3D.org and was called H3D API. The
following diagram illustrates the differences betwehe two programming methods (the layers shaded i
blue are the ones that the development programasetowrite):

Without API With API
C++ Code C++ Code X3D Code Python Code
\ 4 \ 4 v
Link Libraries H3D API

A\ 4

vV A 4 \ 4
Operating System PHANTOM Omni
Device Drivers

Link Libraries

v 4 y
Operating PHANTOM Omni
System Device Drivers

Figure 14. Haptic Programming APl Comparison

The API provides many benefits, the main beingdieclopment speed. With the API, the
programmer only needs to program for a single fater, instead of having to deal with the link lifies,
operating system and Omni device separately. dlasmakes the end program more portable (abdity t
move between different operating environments; sacWindows, Mac OS, UNIX, etc) because the
program runs on the API, not on the OS directlythis particular case, the H3D API gives us theead
benefit of allowing us to code in three differenbgramming languages. Python code benefits the
programmer because it is known for its quick depelent cycles of small code segments that are easy t
read and very powerful. C++ is the most populagprmming language and is known for its robustness.
C++ allows us to access many code libraries uraviailin other languages. X3D is a XML based
language developed by H3D.org and gives the H3DtA® hbility to utilize fast, object oriented
programming.

The H3D API functions primarily through x3d filesn an x3d file, objects (known as Nodes) can
be created. These Nodes have properties knowielas Mhich can change dynamically during runtime.
The third and final component in an x3d file is@uR. A Route is a way to define dependency batwee
Nodes. For example, a Route from the SurfaceGokld in Node A to the DetectlfRed Field in Node B
can be created. Each time the SurfaceColor Riehtbide A changes, Node B will be notified. Node B
will then watch as Node A’s SurfaceColor changesiadicate somehow (display a message onscreen)
when Node A’s SurfaceColor becomes red. Nodedeagrouped and abstracted into different files.
This allows us to create objects in C++ or pythod eeference them in the x3d file. X3d files cé&soa
reference media files such as sounds or imagesmnlithen use these media files in the programnfex:
an image of fish scales onto a 3D fish object ay @ bubble noise when the Omni touches the fish).
Thus far, the orange.obj file was converted tormmge.x3d and the dog.obj file converted to a dad).x
file (a simple copy-paste and formatting change).

An issue arose with the H3D API and these fileke loader will load and render them but, when
the user attempts to touch the rendered objectthvittstylus, the loader begins to throw
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HL_OUT_OF_MEMORY exceptions. The reason for tkighiat the loader only allocates enough
memory space for 65,000 vertices when it startesceSboth the orange and dog objects have many more
vertices than was allocated, the program atteroppetform an emergency allocation during run time.
While, in theory, this is a good solution, the hungenber of vertices overwhelms this emergency
allocation. In order to continue the test progdewelopment, a smaller model was selected. This
smaller model was included in the H3D API exampl€be fish.x3d file contains approximately three
thousand vertices, and therefore, operates corregfter, consulting with the support services fioe

H3D API, the team decided to try a different setidfers. This new driver set was an upgrade plexvi

by Sensible. After changing to these new drivilrs HL_OUT_OF MEMORY error was eliminated and
development could continue.

After addressing the memory allocation issuesptiogress has continued on many other
segments of the test program. These segmentsl:aietecting Omni collision with the rendered ohje
evaluating/saving this collision data and rotatimg dog object onscreen based on the incominglsigna
from the Base Unit. A python script was useddtedt these collisions. In order for the collision
detection to work, a route was setup between tigeodgect and the python script. Upon a touch ef th
stylus upon the dog, the dog object sends the pmihie python script. The python script then paithis
point and outputs the point to the command lindda file). This process occurs each time theidog
touched.

Ideally, the test program should be as modulardojeict oriented as possible. It should have the
ability to run the acupuncture simulation regarsllesthe model that it is fed. As such, the pragra
structure was redesigned based upon one of thepdxgmmograms provided by the H3D API. The new
program structure is as follows:

dog main.x3d DogStart.py
- H3D File that contains - Provides User Interface

file linkage information. » - Calls Dog.py’s update() function
- Main Executable on each scene refresh.

- Performs Point Set Comparison,
Grading, & Saving.

a

\ 4

enclosure.x3d

- Defines H3D Object and v
Environment (viewpoint, Dog.py
dog, stylus). - Main class for the haptic interaction.

Contains an update() function that is
called on each scene refresh.

Performs point touch acquisition.
Performs object rotation.

C# Dataq ActiveX Control T
- Reads the rotation from
the dog head and writes it >
to afile.

Rotation File

- Contains current rotational
value of the Physical Dog Head.

Figure 15. Current SimPooch Test Program Structure
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The dog_main.x3d file is the file that a studergautes to start the test program. It contains
linking information that initializes and connedtetrest of the files to each other. dog_main.x8k$ ca
python program named DogStart.py. This progranaimgates a Dog.py object and performs all the user
interface functionality. For instance, this is firegram that prompts the user for their user {ghadent
or teacher) and then grades their output after lla@g finished touching the dog. Dog.py is a pgtho
class that contains all the functionality of theethdimensional haptics environment. This program
handles touch identification & acquisition, butforesses, mannequin rotation and object positioning.
enclosure.x3d is the file that contains all theeabfata such as the needles size and shape,gise do
triangle mesh, the viewpoint object (the camerayity specifications and a directional light olijec

E. Point Data Analysis

The team explored several ideas in deciding hograde a student’s acupuncture performance.
After creating a 3D map of the dog, we needed eecbset of surface acupuncture points. For
development purposes we chose to generate thess pamdomly but in the project’s final
implementation, we will have the teacher place {soim the dog. The program will save these teacher
points for use by a student. Finally, we also twesimulate student touches upon the dog. We also
generated these student points randomly. Thefgptsk of this area of the Virtual system is teate
an algorithm with which we can grade the studewtEhes against those of the teacher.

First we explored what is known as fisest Point AlgorithmWe quickly found that it was
not practical to convert this procedure into whatveeded. Next, we researched\oeonoi Algorithm
This algorithm creates a regionalized map of theher’s points so that when a student touchesdage d
we can know exactly at which teacher point the esttigvas aiming and how close the student came to
that teacher point. Although this works correciygecame painfully clear that this algorithm was
needlessly complicated. It requires a second itgorcalled theSteepest Descent Algorititmresolve
the issue of associating the student points todb®n boundaries. Also, we had trouble expandiigy t
code from two dimensions to three dimensions. Kinale settled on a brute force approach to this
problem because there were relatively few point@foomputer to check one by one. This simpler
algorithm will work in most situations. There iparticular situation in which this algorithm hastain
shortcomings.

Python is a free, open source, object orientedraroming language. The team decided to use
this language because it is compatible with outibajgvice and because Python can easily “talk” to
other programming languages.

TheClosest Point in a Set Algorithmorks with using a divide and conquer methodstdtts
with a setSwith n points in a plane. The algorithm’s goaldgind the two closest points; p ( X, V1)
and p = (%, ¥2) such that it can deduce at which teacher pbastudent was most likely aiming.
Then, its goal is to find the distance d = sqri(-(%)? + (y1 - y»)?) such that d is the minimum among all
pairs of points irE To accomplish this, we wrote a program thatesbthe points along the x-axis and
split the points into two equal subsets. This giavdsft set and a right set of points. Then tregmm
finds the minimal distances for each sigamtl d. Then, it computes the minimum distadeetweer§
andS. Thus, the closest points are those whose distigrtbe minimum betweeh) d and d. This was
good for finding the two points that were the ckige each other but it was not good for lookingath
of the teacher points and each of the studentpaimi comparing them for grading. This led uféo t
Voronoi Algorithm.

TheVoronoi Algorithmis used to create a Voronoi Diagram. This diagimendecomposition of
space that is determined by the distances to eetisset of points. The partitioning of a planghwi
points into convex polygons such that each polygmrtains exactly one generating point and evergtpoi
in a given polygon is closer to its generating ptiran to any other generating point. A point taoa
data structure can be built on top of the Voronagchm in order to answer nearest neighbor queries.
The program looks for the nearest neighbor whestedent attempts to hit a teacher point. With this
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algorithm, we can not only determine which poirg ftudent was aiming for by marking if it's in the
region, but also know for sure if a student missedgion altogether.

Figure 16. Voronoi Map with Regions

For the aforementioned reasons, teeonoi Algorithmseemed to be the perfect solution to our
problem. However, this way of approaching our gngdiystem turned out to overkill the problem and it
was very difficult to adapt the algorithm from tamthree dimensions. This adaptation would make al
the polygons in the two dimensional Voronoi maj ipblyhedrons.

Since we are building a simulation that can bel@s®l changed by a teacher, we can consider
the generating points random. For this reasorhagketo find an algorithm that could determine the
region the student point was in and calculate tsimndce to the teacher point. By our programming
methods, the generation point was zero distanitselh and the Voronoi region got “steeper and [stee
as distances increased away from the generatian. pdhis would occur until the program finds a
boundary and then, it would “descend” back downat@s a new generation point. All generation points
are created by the teacher. Although this methadksy it became too time consuming to manage the
code when going from our 2D working model to 3Do sblve this problem we scraped this method and
went for a strait forward way of grading the studi¥at has a small, expectable flaw.

The problem is that, as we go through each ofgaeher points one by one with the student, we
append the array that shows which point was httth& same time, we remove this teacher point fiteen
available teacher point search list. In the erelywill know if there are still teacher points thegre not
hit, i.e. not removed from the available teachst IiThis is a problem because there could arise a
situation in which a teacher point was removedamident. This case would be rare however becédngse t
student attempts will be in distances much closeach teacher point than the teacher points arado
other.

Finally, the code saves the student points asdbdfirough the simulation. Then, the code prints
out the coordinates of the teacher point at whiehstudent was aiming, the coordinates of the stude
attempt at the point, and the distance betweetwbdor comparison. In our case, Dr. Narda Rohinso
gave us a threshold of 5 mm. An acupuncture puaetithin this threshold is defined as acceptable.
Overall, we have a successfully working virtual siation.
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VI. Conclusions and Future Development

SimPooch is currently in its%year of development, and much of the work that dikead is outlined in
this continuation report. There are five areas tiegid work done: Physical/Virtual Synchronization,
Usability, and Physical/Virtual Expansion.

Physical Synchronization will be one of the final steps in assimilating @flithe pieces together in a
coherent prototype. We have to first mount theibaptevice to the base unit. This can be accongalish
with dowels attached to the bottom of the haptits laoles drilled into the base unit so the hapgtedce
can be pegged in, and would also be removablep®higion of the mount would have to be located such
that the stylus could reach the ~70 points on talh

Virtual Synchronization is a necessary aspect to join our virtual mod#h wur physical model. We will
implement this in the H3D files by modifying theewipoint and scaling parameters. The head need to be
scaled slightly larger so that it contacts simudtaursly with the physical model. This brings ush® t
marriage of these ideas and the final design olestealibration. We will need to make physical and
virtual calibration points, fixed points that wélign the physical and virtual model. This cardbee by
constructing a physical stop for the rotation @& ttog’s head, at the same time programming amliniti
rotation value. We will need to do the same ferrtieedle position; however the physical calibration
point is built into the haptics device.

Usability will eventually become important as the prototypesed and tested by users not on the
SimPooch team. We would like to start the enticpss with the executable H3DLoad.exe and have all
of the required operational files be loaded in@taequence. A graphical user interface would be
programmed to function with all of our modules amgython. Currently pyGTK looks promising as it is
compatible with the python language. The GUI waadtbut colored markers to show the points touched
while the simulation is running, and when the siioh is completed would show the teacher points an
calculate grading based on the voronoi algorithes tBe “Ul Considerations Report” for a more intiep
discussion on the graphical user interface, grading the voronoi algorithm.

Physical Expansion would be accomplished with the assistance of ehar@cal engineer. We would like
to experiment with a spring loaded needle tip ®hhptics stylus. This would more accurately reypdic
the acupuncture needles used in the field. Thiagpip and the physical mounting system and
calibration device could more precisely be fabgedah the mechanical engineering workshops.

Virtual Expansion includes a number of future modifications thatlddae completed with the assistance
of Dr. Narda and the Vet school. The physical medmild be more accurately replicated in the virtual
one, with nuances such as the force required tetgae flesh; the location of bones, tissue, andahey
and the precise location of acupuncture pointsthree-dimensional environment. We would expamd th
grading process to include application of the prdpece, angle of the needle with respect to the, sk
depth of the needle, and movement of the needde iattas been inserted. All of these propertids w
have to be defined by Dr. Narda.

These goals presented offer plenty of opportunitywark in different areas of research, from thegita/
construction in the workshops, to the python progréng, to the mathematical topology of the voronoi
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grading system. New team members joining the pteydcbe able to choose what they wish to work on
and we will work as a functional team to accomptlsse goals outlined above.

27



Appendix A. Software Samples

dog_main.x3d:

<Group DEF="G" >1

<l-- <Viewpoint DEF="VP" position="0 0 1.0" /> --
<Viewpoint DEF="VP" position="0 .15 -1" orientati
<PythonScript DEF="dog_py" url="dog.py" />
<PythonScript DEF="dog_start" url="DogStart.py" >
<Group USE="G" containerField="references" /></

<KeySensor DEF = "keySensor" />
<ROUTE fromNode="keySensor" fromField="keyPress"

</Group>

>
on="0103.14"/>

PythonScript>

toNode="dog_start" toField="key_manager" />

enclosure.x3d:
<Group>
<DirectionalLight DEF="LIGHT" intensity="0.2" di

<PointLight DEF="POINT_LIGHT" ambientintensity="0

<ForceField DEF="GRAVITY"/>
<ForceField DEF="FORCE"/>

<l-- Needle -->

<DynamicTransform DEF="NEEDLE_T">

<Shape>
<Appearance>
<Material transparency="0.0" diffuseColor="1

</Appearance>

<Sphere radius = "0.01"/>

<l--<Cylinder radius = "0.0025"/>-->
</Shape>
</DynamicTransform>

<I-- DOG -->
<DynamicTransform DEF="TX_DOG" position="0 0 0">

<Transform DEF="DOG_TRANS" translation="0 0 0" sc

<Shape>

<Appearance>
<Material DEF="MAT_DOG" diffuseColor="0.54 .2

<SmoothSurface />
</Appearance>
<IndexedTriangleSet DEF="DOG">
<I—A lot of trinangles -->
</IndexedTriangleSet>
</Shape>

</Transform>
</DynamicTransform>

</Group>

rection="00 -1" />

.2" location="0 0.2 -0.3"/>

00" />

ale="333">

7.07"1>
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DogStart.py:

from H3DInterface import *
import sys

import Dog

import time

import os

import math

g, = references.getValue()

# globals
positionX = -.09
positionY = .22
positionZ = .05
scale = 2.13
rotate =-1.9

print "\n\nWelcome to the SimPooch Acupuncture Simu

print "Select User Type\n 1. Student\n 2. Teacher
#userType = raw_input("selection: ")
userType ='1'

if userType not in ['1','2"]:
print "Invalid User Type Selection, Exiting..."
sys.exit(0)

# create a new Dog Game
dog = Dog.DogGame( g )

class KeyManager( AutoUpdate( SFString ) ):
def __init__( self):

def update( self, event):

key = event.getValue()

print "Key Pushed: " + key

if key == "f":
print "Front Point Defined"
#global hdev

elif key == "b":
print "Back Point Defined"

print "Length: "
print length

elif key =="a": #left
print "Moving Left"
positionX = positionX - .01
print positionX

elif key == "d": #right
print "Moving Right"
positionX = positionX + .01
print positionX

elif key == "w": #up
print "Moving Up"
positionY = positionY + .01
print positionY

elif key =="s": #down
print "Moving Down"
positionY = positionY - .01
print positionY

elif key == "t": #in
print "Moving Int"
positionZ = positionZ + .01
print positionZ

elif key == "g": #out

print "Mo  vina Out"

AutoUpdate( SFString ).__init__( self)

lator\n\n"

\n\n"

global positionX, positionY, positionZ, scale, ro

#self.frontPoint = hdev.trackerPosition.getValue

#self.backPoint = hdev.trackerPosition.getValue(
#length = self.frontPoint.x - self.backPoint.x

tate

0;
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DogsStart.py (continued):

positionZ = positionZ - .01

print positionZ

elif key =="y":
print "Scale Up"
scale = scale + .01
print scale

elif key =="h":
print "Scale Down"
scale = scale - .01
print scale

elif key == "o":
print "Rotate"
rotate = rotate - .01
print rotate

elif key == "p™":
print "Rotate"
rotate = rotate + .01
print rotate

dog.setScale(scale)

dog.setRotation(rotate)

return "a"
key_manager = KeyManager()

# start the game
dog.restartGame()

# update the spacetennis game once per scenegraph |
# once per scenegraph loop when traversing the Pyth
# scene graph.
def traverseSG():
done = dog.update()
if done:
pts = dog.getPoints()
response = raw_input("Do You Really want to Q
#print response
if response == "Y' or response =="y".
finish(userType,pts)
#save(dog.getPoints())
#print "EXITING..."
#sys.exit(0)

def save(points):
print "SAVING YOUR POINTS: "
for p in points:
print p
timeleft =5
while timeleft > 0:
print timeleft
time.sleep(.5)
timeleft -= 1

def dist(A,B):
return math.sqrt((A[0]-B[0])**2+(A[1]-B[1])**2+

def finish(user_type,points):

#print points
#print user_type

if user_type =="'1"
#user is Student

dog.setPosition(positionX, positionY, positionZ)

oop. traverseSG is called
onScript node in the

uit? (y/n):")

(Al2]-B[2])**2)
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Dog.py:

from H3DInterface import *
import H3DUtils

import random

import math

import sys

import os.path

import thread, winsound

#bonustime=15

path ="
# get the first haptics device and put it into the hdev variable
hdev = None

di = getActiveDevicelnfo()
if( di and len( di.device.getValue() ) >0 ):
hdev=di.device.getValue()[0]

# TimerCallback used for delayed events.
timer_callback = H3DUtils.TimerCallback()

sphere = createX3DNodeFromString( ""'<Sphere radius ="0.005" /> "")[0]

rotationOffset = 1.5

class MainButtonPressed( AutoUpdate( SFBool ) ):
def __init__( self, parent):
AutoUpdate( SFBool ).__init__( self)
self.game = parent

def update( self, event ):
b = event.getValue()
self.game.mainButton = b
print self.game.sglOffset
if b==1:
self.game.sqlOffset = self.game.sqlOffset + 0.0

return b

class SecButtonPressed( AutoUpdate( SFBool ) ):
def __init__( self, parent):
AutoUpdate( SFBool ).__init__( self)
self.game = parent

def update( self, event ):
b = event.getValue()
self.game.secButton = b
print self.game.sqlOffset
ifb==1:
self.game.sglOffset = self.game.sqlOffset - 0.0

return b

# The main class for the game.
class DogGame:
def __init__( self, parent):

self.parent = parent

self.positionX = 0
self.positionY = 0
self.positionZ = 0
self.scale =0
self.rotate = 0

self.mainButton = 0
self.secButton = 0
self.salOffset = 0 # -.45
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Dog.py (continued):

self.main_button_pressed = MainButtonPressed( s elf)
hdev.mainButton.route( self.main_button_pressed )

self.second_button_pressed = SecButtonPressed( se
hdev.secondaryButton.route( self.second_button_pr

self.node, self.dn = createX3DNodeFromURL( path +

#print type(parent)

#print type(self)

#self.key_manager = KeyManager( self )
#parent.actionKeyPress.route(self.key_manager)

self.dog_running = 0
self.last_touch_time = time.getValue()
self.deg=0

#self.mysqlConn =

If)
essed )

"enclosure.x3d" )

mysgqlHelper.MysqlHelper({'user"'doguser’,'passwd": ‘doguser’,'db":'simpooch'})

self.sglAdjustment = -2*math.pi/5.0

# make the node visible by adding it to the paren
self.parent.children.push_back( self.node )

# parameters for the game play
self.points_touched =[]

print hdev.positionCalibration.getValue()
self.dn['DOG_TRANS"].rotation.getValue()
print self.dn["DOG_TRANS"].rotation.setValue(Rota

def updateScore( self, points ):
#if not points ==[10,10,10]:
self.points_touched.append(points)
def update( self, s=None ):
global rotationOffset
if not self.dog_running:
return

#print "Dev: ",hdev.deviceOrientation.getValue()
#print "Tra: ", hdev.trackerOrientation.getValue(

# ROTATION:

# get the current angle from the file

f = open(“c:/out.txt")

self.deg = (float(f.readline()) - 1.03271) * self
#print rotationOffset

f.close()

oldDeg = self.deg

# now rotate the dog:

sVal = self.dn["TX_DOG"].orientation.setValue(Rot

# NEEDLE POSITIONING:

needlePos = self.dn["NEEDLE_T"].position.getValue

#the needle follows the stylus
calf ANMNIEFENI E T"1 nncitinn cat\/aliiafl hdaowv trackar

tion(1,0,0,-.3))

.sqlAdjustment + self.rotate

ation(0,1,0,self.deq))

0

Dncitinn nat\/aliiaN
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Appendix B. Budget

During spring 2008 semester no money since masteofvork required now is programming.

During the fall 2007 semester progress was larigetlye form of computer programming, we
ended up spending relatively little money. Pyti®an open source language; as is the H3D APle Th
computer and the haptics device were one time pgeshthat were incurred by previous projects.

Most of our budget was spent in purchasing itenashemdware for the Base Unit. We purchased
two different A/D Converters for testing purposésl but $47.76 were covered by the $50 per senior
design student allotment.

Initial Allotment 25,000.00
Fall 2006 - Spring 2007 -9,177])/4
Fall 2007 - Spring 2008 -47.Y6
Python Programming Bogk -32.00
Magnetic Encoddr -42.03
A/D Converte -114.78
Base Unit Hardwaite -9.00
A/D Converte -50.0p
Senior Design Student Allotmgnt 200100
Total 15,774.5D

Table 3. Spring 2008 Budget
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