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ABSTR.ACT

Many individuals require specialized, cont.oured and

individually tailored seating systems due to injuries

sustained or congenital deformities. The majority of cust,om

seating systems are presently hand crafted to fit individual

needs. This process is expensíve, complicated, time consuming

and often result.s in the individual waiting months for a

seating system.

This thesis presents an alternative method to the

manufacturing system presently used by Otto Bock Orhthopedics

Industry of Canada Ltd., a manufacturer of custom seating

systems. The alternat.ive manufacturing system incorporaLes

the use of a micro-computer based three-dimensional digitizing

system for the measuring of body contours. A mÍcro-computer

based Three Axis Router was desigrned and built for the

manufacture of mo1ds, replicating the body conLours measured

through the three dimensional digit.izing system. A number of

surfaces were digit.ized using the three-dimensional digitizing

system. The resulting surfaces were model-ed. on a micro-

computer and the resulting surfaces r^iere carved using the

Three Axis Router. This alt,ernat,ive manufact.uring system

offers the promise of higher quality, Iower cosL cust.om

seating systems del-ivered within much short.er t.íme f rames.
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CHAPTER I" GENERAL BACKGROUND

1.1 fntroduction

Many individuals require specialized, contoured and

individually tailored seating systems due to injuries

sustained, disease or congenital- deformities. This is al-so

true for the rapidly increasíng elderly proportion of our

population. MuItiple Sclerosis, Cerebral- Palsy and

Muscu1ar Dystrophy are just a few of the diseases whích can

result in d.i-sabil-ities t.hat increase the demand for custom

seatíng systems. For example: studies have shown that

approximately 2 out of 1-000 school- aged children suffer

from Cerebral- Palsy IL,2,3] . Incidence rates of Muscul-ar

Dystrophy range from 14.00 per 100,000 male population to

21 .90 per 1-00,000 mal-e popuJ-ation for different parts of

the world t 4 I . Tt shoul-d be noted however, that the

primary injuries that cause Ìong-term disabilities

requi:iing customized seating systems are ínjuries to the

head.

More t.han 75,000 Americans per year sustain head

injuríes which resulted in long term disability. This

includes approximately 2,000 people who remain in a

persístent vegetative state t5l. With improved emergency



services / diagnostic and neurosurgJ-ca1 techn j-ques, the

survival rate of persons with severe head injuries is

increasing 16,11. The consequent large number of severel-y

disabl-ed survi-vors has been termed a "disease of medical-

progress" tBI . Elderly peopJ-e, particularly those in

institutj-ons, often suffer from pressure sores j-n areas of

unrel-ieved pressure over body prominences I9l " These sores

occur because of poor sitting posture in badly fitting

wheel chaírs. combined with ínfrequent position changes and

normal- reduction of body paddíng due to age.

The use of specialty seating can help numerous people

in the above not.ed groups. For example, a great deal of

progress has been made in specialized seating for Muscul-ar

Dystrophy sufferers. The use of custom seating systems

al-l-ows people to maint.ain a comf ortabl-e upríght seating

posture and may sl-ow the progression of spinal deformities

l1_01 .

At present the majority of custom seating systems are

hand crafted to f it individual- needs. This process j-s

expensive, complícated and time consuming and often results

in the individuaf waiting for months for a seating system.

A survey of custom seating techniques can be found in

reference t111.



Otto Bock Orthopedic Industry of Canada Ltd" presently

manufactures a modular seating system t.hat is desígned to

reduce the above- mentíoned problems. A typical Otto Bock

Modular Seating System j-s shown Ín figure t1l. Although

these systems are very good, they however do not meet the

requirements of all individual-s. People with additional-

requirements stil-l- requíre custom-contoured cushions to

acconìmodate theír particul-ar concerns. Thís is shown ín

figure 1,21 . A major feature of the Otto Bock custom

contoured cushions is that they are mounted in the same

frame that is used for the more standard seating systems.

This feature greatly reduces the amount of time required to

produce a custom seating system. Otto Bock has developed

a proprietary custom-contoured seatíng production system.

The system involves vacuum formíng a custom cushÍon around

a cast of an individual- body surface. The cast is obtained

manually from the "bead bag" forming techníque which

ínvolves obtainíng the cast shape from a surface which

hol-ds the negative of an individuaf's shape. Currently

this process is restricted to the j-mmediate Winnipeg area

wíth some limited use in other locatíons in Canada. The

major constraint to the wider use of this technique is due

to the difficutty of manufacturing the positive cast.



Fig. 1 - The OtÈo Bock Modular Seat,ing System

Fig' 2 - Custom ConÈoured Cushions in the Ot,Èo Bock SeaÈíng System

Å*r



The present measurement techniques and manufacturj-ng

processes are time consuming., expensive and relativeJ-y

complicated, requiring considerabl-e experience to produce

acceptable seat.ing systems.

In order to address these existing problems and to

reduce costs and delívery t.Ímes while makì-ng the product

better suíted for the disabl-ed user population, Otto Bock

Orthopedic Industry of Canada Ltd. approached Professor

Ostap Hawal-eshka of the Industrial- Engineering Program at

the University of Manítoba to investigate ways and means to
j-mprove their existing methods of producÍng indÍvidually

tailored, customized seating for use in the standard,

modul-ar Otto Bock framing system. After reviewing possibl-e

avenues it was decided to concentrate on the development of

a mícrocomputer-based system for the measurement of body

contours and for the production of the positive cast.

This thesis outl-ines the developments and testing

a prototype system whích can produce the casts used for t

custom seating system.

of
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I "2 Otto Bock Backqround

Otto Bock Orthopedic Industry of Canada Ltd. was

incorporated in .Tanuary L97I in Manitoba " The Parent

company Otto Bock Ort.hopaedische Industries K.G. was

founded in I9I9 by Otto Bock and is based in Duderstadt

Vüest Germany. Worl-d wide. the parent company employs

approximately 1100 people wÍth three manufacturi-ng plants

and distribution centres in thirteen countries. Major

product lines incl-ude prosthetic and orthotic components

as wel-l as polyurethane foam resins for the auto industry

for generaÌ purpose molding.

The Canadian operatíon began as a warehousing and

distribution centre for products manufactured by the parent

company. However in 1980 the decision was made to include

manufacturing. Presently there,is approxJ-mately 40r000

square feet of manufacturing space with an addj-tional

30.000 square feet of warehouse and offíce space.

In 1982, Otto Bock Ort.hopedic Industry of Canada Ltd.

had begun a three year research and development project for

the deveÌopment of medical- and industriaf foam products.

The Canadian operation's present successful- Iine of seatíng

products for the severel-y disabled is a direct consequence

of thÍs Ínitial- project. The Canadían engineering research



and development group is considered by the parent company

to be the most dynamíc and progressive of the three company

research and deveJ-opment facilities. Considering the above

slatements the Canadian facility Ís presently involved a

large number of research areas. Two areas of research are

custom seatÍng and orthotic/prosthetic component. redesign

using advanced techniques such as finite el-ement analysis.

The Department of Industrial/Mechanical Engi-neering is

presently involved in a number of projects because of their

invol-vement and experience in advanced manufacturing

techniques.

1.3 Present Manuf acturi-nq Svstem

The present method of the Otto Bock custom seati-ng

system uses the "bead bag" vacuum molding system to provide

a negative of a persons surface anatomy. A person can not

be repositíoned untíl a satisfactory posture j-s obtained.

A plaster cast of the "bead bag" mol-d is then taken to

obtain a positive mold of t.he person's surface anatomy.

This very heavy and cumbersome mol-d j-s used to fabricate

vacuum drawn cloth covered foam cushions which are

representative of the negative surface obtained through the

"bead bag" vacuum molding system.



The cushions are then Ínserted into the standard Otto

Bock modul-ar seating system components. A detailed

sequentj-al- anal-ysis of the present manufacturing technique

fol-l-ows:

1.3. 1 Fittinq Operatíon

A sunìma.ry of the fitting operaLíon is as fol-Iows:

1. The fitting chair is adjusted t.o the proper size for

the person belng measured.

2. The proper "bead bags'r are positi-oned in the fitting

chair " The síze of the bead bags sel-ected is a

functj-on of the size and measurements of the person

beÍng measured. The fitting chair with bead bags is

shown in figure t3l. The bead bags are one-piece thin

latex rubber bags fill-ed with expanded styrofoam beads

and f itted wit.h an air val-ve. When air is removed from

the bead bag the beads consolidate and form a semi-

rigid matrix that maintaj-ns the mol-ded shape of the

patj-ent's anatomy. A smal-l vacuum pump ís used to

evacuate the air.

3. The patient is seated in the fitting chair.

4. The patient is posÍtioned and the bead bags are

evacuated with aír to hold a negatj-ve of the surface
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anatomy.

5. This process is repeated untj-I a satisfactory position

is obtained. The fitting operation is shown in figure

t4t.
(It should be noted that two cushions are usually

requi-red for each patient one for the seat and one

for the back).

1,.3.2 Castinq and Markinq Operation

1. A plaster wrap is placed over the bead bag surface.

This is shown in figures [5a-5d] "

2. Reference positions for patient center line, cushíon

width, seat length, parting l-ine, back height are

placed on the plaster surface.

3. The seat/back frame of the fitting chair is removed

from the wheel- base of the fitting chair.

4. A marking jig is used to complete l-ínes used for

reference positions.

5 " The cast ís removed from the bead bags and trimmed

along the reference línes with a cast cutter.

6. Cast.s are orientated in the proper reference positions

in a castíng box. A rigid foam is poured into the

casting box to form the base of t.he mol-d.

1-0



!r)

(c) (d)

Fig. 5 - Plaster Wrap .Application
(a) Molding vacuum bags in fitt,íng chair.
(b) Applying plaster wrap.
(c) Fini,shed cast shell ín t,he fitting chair.
(d) Plaster shelJ. in seat,/back ready for marking.

lr
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Fig. 7 - Erimming the Cast

Fig. 8 - Lay-Up of Plaster Cast on Carrrhoard

ró



Fí9. 9 - PlasËer Cast in MoId, Box

Fig. 10 - Reinforcing plast,er Cast with Rigid Foam

:.1



Fig. 11 - preparing Vacuurn Molding Machine

rig. L2 - posiÈioning praster cast and Die plat,e

Its



Fig. 13 - CloÈh Flacement Onto Die plate

14 - Clamping Plat,e Lo¡+ered

lV)



Fig. 15 - Foam Being Poured into Negative of Plaster Cast

Fig. 16 Complet,e OtÈo Bock Seating Sysiem

8"



7. The mold surface is finished with plaster to make a

smooth surface.

Steps 2-1 are shown in figures t6l t101.

1 .3 " 3 Cushion Producti-on

1. The cushion is produced by the Otto Bock vacuum

molding machine. Fig t11l i151.

2. The cushion ís mounted in an Otto Bock modul-ar seatíng

system. Fig. t1-6I "

l-.3.4 Disadvantaqes of Present ManufacturÍnq Svstem

The present manual- technique of obtaining the molds ís

extremely cumbersome and has many disadvantages. The major

difficul-ties are listed bel-ow:

1. The manual techníque is very labour intensive. The

average cushion takes approximately 8 hours to

manufacture. For a complete seating system the total_

tíme woul-d be 16 hours.

2. Due to the j-nherently complex human factors ínvol-ved

wÍth the selection and design of the correct seating

posture of the patient, it is usual to require the

knowledge and skill-s of a physical therapist or

rehabíIítation expert during the positioning and

1B



measuring/casting procedure. The same type of

knowl-edge and skill- is needed when the plaster cast is
manufactured" Persons of this skil-] l-evel_ woutd. - if
possible - choose to mÍnimíse their time spent working

with the "messy" material-s used in the plaster cast

manu'facture "

A large work area is required for the manufacture

the plaster casts. Such space may not be avail-abl_e

the facility where the castíng is to take p1ace.

The completed casts are bu1ky, very heavy and

difficult to transport. The manufacture of the custom

cushi-on does not occur at the same l-ocation as the

fitting operatÍon occurs. The fitting operation for

example, flây occur j-n Toronto whÍl-e the cushion woul_d

be made in Winnipeg. As a resul-t, the cast woul_d have

to be transported to Winnipeg. This has numerous

dísadvantages incl-uding the possibilÍty of losing the

cast in t.ransit, damaging the cast and the significant
additÍonal cost of transportatÍon.

If for any reason a cast must be remade, the cycle

time. cost and general inconvenience to the company

and to the cl-ient could become intolerabl_e 
"

of
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1.

! " 4 Proposed Manuf act.urÍng Svstem

Considering the dj-sadvantages of the present

manufacturing technique, an al-ternative manufacturing

technique is proposed to mj-nimise existing probl-ems.

The steps of the proposed manufacturing system are:

The surface contour of the person requirÍng a custom

seating system is obtained through the use of the

fitting chair. The same techniques are used ín the

present manufacturing system as in the proposed

manufacturing system.

Points on the surface are measured and digitized by

one of the followi-ng techniques such as Coordinate

Measuring Machines, Laser Ranging, Sonic Ranging, etc.

The data wil-I be captured on a microcomputer.

The digitized surf ace is then model-ed on a

mícrocomputer. The user may manípulate the surface by

moving points around, pulling the surface ín or out

etc. This is the same function that a person woul-d

use in the manual- technique when modifications are

required. The dif ference is that the function is no\^r

performed on a computer This step is complete when

the user is satisfied that the surface has been

modeled properly.

3.

20



5"

The surface information is courÍered or sent over an

el-ectronic modem to an Otto Bock Central- Fabrication

Facility.

At the Otto Bock Central Fabrication Facility a tool

path fil-e is generated from the surface information"

Thís tool- path fil-e al-l-ows the physical- reproduction

of the digitized surf ace by means of a suitabl-e

machine "

6" The surface is reproduced on a milling machine or

contouring machine from the tool- path f il-e.

The cast is used in the Otto Bock Vacuum Forming

process to manufacture the fínished custom cushion.

This agai-n is the same as in the present manufacturÍng

technique.

Figure t17l flow charts the proposed manufacturÍng

system.

The initial implementation of the manufacturing system

has the foJ-lowing Iimitations:

1. The surfaces to be digitized will- be single valued,

therefore undercuts will not be model-ed. (A single

valued surface is one for which there is only one z-

value for every xry pair on the surface, a multi-

1.
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val-ued surface has more than one z-val-ue for any x,y

pair on the surface; an undercut implies a multi-

valued surface) " This simplifies surface modelling

and the manufacturing of the casts.

il-l-ustrated in figure t18l .

This is

2"

-J.

A minimal- amount of surface editing wíl-I be possibl-e

with the proposed manufacturJ-ng system. There wil-I be

no features wh j-ch al-Iow for easy modif ication of

surfaces.

Actual- plast.er casts are the objects t.hat. are to be

digiti zed " This wil-I al-l-ow f or the physical-

comparison of t.he pJ-aster cast versus a cast which

hras digit.ized. The f ítting chair at Otto Bock ís

still- under development and is not yet avail-abl-e for

testing with the proposed manufacturing system.

These features may be implemented after the proposed

manufacturing system Ís proven and tested. The following

three sections describe the surface measurement. surface

modelling/tooI path generation and surface reproduction

developments of the proposed manufacturing system.
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1.

CHAPTER ]] SURFACE MEASUREMENT

2.1 Introduction

A method of obtaining three dimensional surface poj-nts

was required for the proposed manufacturing syst.em" The basic

requirements of the surface measurement system were specified

as foll-ows:

Provide an accuracy to within one quarter of an inch of

the true position of the surface. ( A quarter of an inch

tol-erance is acceptable, because of natural body shape

varíations and consequent. varied repeatability of the

subject's body surface during successive fittings and

repeated measurements. )

Equipment selected should be commercially available.

The system developed must be able to edit the obtained

surface data, store the data in a usabl-e format and

visual-ly present the surface data on a computer monitor.

Ergonomics must be considered in the design of the

surface measurement system work station and procedures.

The cosL of the surface measuremenL sysLem must be less

t.han t.en thousand dollars.

The following sect.ion is a Iiterature search covering

three dimensional- digitizíng techniques. A survey is then

presented of commercially avairabre surface measurement

)

4.

5.
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equipment and the measurement technique selected" The fÍnal-

section outl-ines the measurement system developed.

2.2 LITERATURE SEARCH

THREE D]MENSTONAL D]GITIZTNG TECHNIQUES

A l-iterature search was performed to compile information

on different methods of three-dimensional dÍgitizing. The

t.echniques covered are:

1. Ultrasonic Methods
2. Magnetic Fiel-d Technology
3. Coordinat.e Measuring Machines
4. Moire Contourography
5. Laser Techniques

Let us describe t.he basic measuring theory of the various

methods. More detailed explanat.ions can be found in the

sources referred-to in each section.

2.2.L Ultrasonic Methods

Ul-trasonic techniques use principles based on t.he known

characteristics of sound. If some source produces a sound

wave, a reLurn echo will- be registered at. a sensor after the

sound hrave has been refl-ected back from an ob ject. Knowing

the velocity of sound \rraves, the distance can be found from

the pulse*echo elapsed time produced in a ultrasonic measuring

system. The basic princíple is shown in figure t19l .

The distance D can be found through a funct.ion dependent. on
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t.he ul-trasonic device being used, a known constant. velocity

V and a cal-cul-ated elapsed time T.

The basic ultrasonic system has been applied ín several-

areas. One present research area addresses depth percept.ion

for robot systems in factories. Another application studied

is the measuremenL of fluid l-evels in oil tanks " This is

presently being done by a commercially avail-abl_e ult.rasonic

ranging unit. The unit can determine perpendicufar distance

wiLhin a range of .9 feet to 35 feet with an accuracy of 1,.2

inches lL2l.

The basic ul-trasonic principte in the above exampJ_es ís

designed for one dimensional- measurement, but can be applied

to three-dímensional- measuremenL as well. This is shown in

figure l20l . An ul-trasonj-c source emit ul-trasonic impulses

at its tip. At. precisely the same momenL four clocks are

activated and each stops when the sound vrave reaches its

corresponding sensor. The four result.ing time measurements

are then converted to X,Y,Z Cartesian coordinates by a

comput.er. More detailed inf ormat.ion on ul-trasonic methods can

be found in references lI2) and 1131.
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2.2.2 Maqnetíc FÍeld Technoloqy

In digitLzíng systems using magnetic field technol-ogy a

low frequency magnetic field is produced by a source " A

sensor senses t.his magnetic field and the potential difference

between the sensor and the source is proportional t.o its

distance from the source.

For this principle to work in digit.Ízing three-

dimensional- surfaces a modification is needed.. A source

containing three smal-l sources is used with sensor

containing three smaIl sensors Each sensor is only

influenced by it.s matching source. This is accomplished by

orienting the sensors in dÍfferent planes and by the use of

el-ectronic circuít.ry which a1low only one magnetíc field t.o

inf l-uence the sensors out.put. The X,Y I Z positions are

calculated int.ernally in the Magnetic Field Digit.izer by a

dedicated microprocessor. A basic three-dimensional digitizer

using magnetíc field technology is shown in figure f,211 .

McDonnel-1 Douglas Corp. developed this technology over

the last ten years. Its first use was in the cont.rol of the

gun sights of milítary aircraft by placing t.he sensors in the

pilot's hel-met The piJ-ot., by turning his head t.owards a

target, would orient the gun t.owards the target. as well.

Recent. apprications of thÍs digitizing technÍque include three

dimensional- echocardiography being researched at the Medícar
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Center Hospital of Vermont t1-51. Another application is the

three dimensional- wrist imagÍng being developed by the

Washingt.on University SchooI of Medicine t16l .

2.2.3 Coordínate Measurinq Machines

A coordinate measuring machine is a contact. type of

digit.izing equipment. used to determÍne the posítion of a point

on a object A probe mounted on the coordinate measuri-ng

machine makes cont.act with the surface of t.he object being

digit.ized. Coordinate measuring machínes are used primarily

in areas where high accuracies are needed. Brown and Sharpe

t17l offer the rrValidator", a horizontal coordinate measuring

machine. The machine can dígítize and inspect surface

charact.eristics to tolerances of .0004 inches.

A coordinate measuri-ng machine is best suited as an

inspection device. A coordinaLe measuring machine being used

at Ford's European plants can now check síxt.y five dimensions

in only three minutes. Previously, this took four hours using

height gages and ot.her manual- techniques tlBl .

2.2.4 Moire Cont.ouroqraphv

Moíre ConLourography was first developed in Japan by

Takaski [19], Terada 1201, and others as a medícaI t.echnique

for the tracing of chanqes ín body shape following surgical
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operations.

surfaces by

Duncan l22l

surfaces.

ThÍs technique was first. applied to engineering

Theocaris t21l in 1,969 in strain analysis and

in l-973 for the measurement of three dimensional

The Moire principle is quÍte straíght. forward. A basic Molre

equipment setup consists of a light source, a camera, a

grating and the object to be measured. The equipment is shown

in f igure l22l . As shown in figure l23l , t.he grat.ing shadow

fal-l-s on the surface of t.he object. and t.he object is viewed

througrh the same grating. The grat.ing and its shadow

interfere to generate a Moire fringe contour pattern as

illustrated Ín figure 124). By suitabte mathemat.icar analysis

a depth val-ue can be found. This derivat.ion is detailed in

reference l24l, In recent years with t.he advance of vision

syst.ems, there has been much work in the area of 3-D machine

vision using Moire t.echniques. The speed of dimensional-

analysis can be greatly speeded up with the use of vision

systems. References 126l and l27l describe t.his development

in detaíl-. Moire techniques are being used extensively in

Canada l28l; at the recent Symposium on Surface Topography

and spinal Deformity herd in Lac st.e Marie Quebec, seven out.

of nine papers present.ed on surface measurement involved Moire

techniques 1281.
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2.2.5 Laser Techniques

The use of laser techniques for the measurement of three-

dimensional objects has been d.eveloped extensively in the l-ast

decade. Laser t.riangulation considering reflectance angres

of a light beam produced by a laser are used to cal-cul-ate

height. General Motors at it.s Orion Assembly Cent.er, has

developed a sophisticated laser based sysLem using l-26 rasers

to perform 1-00 percent on-line measuremenL of four different

auto-body styles 1291. Laser Triangulation is highry accurate

with t.olerances of .002 cm being reported t301. Ot.her three

dimensional- digit izing techniques using l-asers invorve t.he

use of vísion systems. using laser triangulation a smal-I

point of l-aser light is directed at an object and a camera

mounted at a 45 degree angle to the source detects the

refrected tight.. Because the camera is at an angle to the

laser, t.wo dimensional- coordinates can be obtained. A large

number of these points can be assembled to provide a three

dimensional map of the object.'s surface.

Another approach using laser t.riangulation employs what.

is carl-ed structured light t3r1 . rt directs a thin tine of

laser light (rat.her than a point) at the ob ject to be

digit.ized as i1l-ustrated in figure l25l . The systems camera

vj.ews the object at a 45 degree angre from t.he laser line, and

det.ect.s a two dimensional- cont.our of t.he object as ilrust.rated
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in figure 126J. The result.ing three-dimensional image is
made up of crosely spaced two dimensional contours (figure

l21l). This method (using a larger number of laser points)

is faster than t.rianguJ-ation methods usi-ng a single l-aser

point. Development in this area was first done by the

weyerhauser company t3r1. The recent avail-abílity of gallíum

arsenide lasers and miniature TV cameras has allowed the

development of small- systems based on these princÍp1es.

Apptied Scanning Technology market.s a system employing this

technology. rt includes a camera, laser, and electronics

contained in a 6.1 bV 2.5 inch package welghing 3.5 1bs. t3f1.
Development.s such as this make laser techniques a potentiarry

useful form of three dimensional digit.Ízing.

2.3 Survev of Commerciallv Avail-ab1e

Surface Measurement Equipment

A survey of commercially avail-able digitizing syst.ems was

carried out.. Results of the survey fol-l-ow. A l-etter was sent

to fifty manufact.urers of digitizing equipment. The letter

asked these companies to send informat.íon on product.s capable

of performing three dÍmensionat digitizing. As of February

l-987 four potential syst.ems had been identified. More systems

may be available but were not found in t.his survey.

coordinate measuring machines have been left out of the survey
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because of the high cost.

The four avail-able digitÍzíng systems are avail-abte from

American companies

dollars "

The prices quot.ed are in Canadian

The Applied Scanning Technol-ogyrs I'VLS-200" 3-D Vísion

system is capable of digitizing 1 4 | 400 three dimensional data

point.s per second. It can digitize objects moving in its

f iel-d of vision up to 40 inlsec. The accuracy of the syst.em

is one thousandth of an inch per inch of fÍel_d widt.h. The

cost of this dígitizing system is very high, a basic system

incl-uding computer is $100,000. This equipment is presentry

being used by a number of companÍes including 3M, Ford Motor

Co. and Weyerhauser.

Po]hemus Navigation scÍences, a division of Mcdonnel-l-

Douglas Corp. manufactures two digítizing systems. These

systems work on t.he principle of magnetic fields. The

accuracy of the "3Space Isot.rak" unit is one quarter of an

inch. The more expensive "3space Tracker" has an accuracy of

one tent.h of an inch. The cost.s of these sysLems are

$5, 000 .00 and ç20,000.00 respectively. Both these systems are

capabre of digitizing at a rate of sixty samples per second.

The units can be connected to any comput.er having an RS-232

connector. These syst.ems are currently being used by

companies such as Berr Labs, chevron and Lucasfil-m Ltd. A
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l-imitat.ion of this system is that. no metal-l-ic object.s may be

located near the digitízing system.

The final- digít Lzíng system surveyed is manufactured by

science AccessorÍes corporat.ion. The prod.uct is call-ed the

'f3-D sonic Digitizer''. The system works on the principle of

sound \^¡aves. The unit can be connected to any computer having

a RS-232 connector. current users of this equipment are the

united st.ates military and some Research Hospit.ars. The cost

of the system is $20,000.00.

The Mcdonnell Douglas product. "3Space Isotrak" was

sel-ect.ed as the digitizing syst.em t.o be used for t.he surface

measure requirement. rt is the only system falling wÍt.hin t.he

budget proposed. The accuracy of the system is al-so within
required tolerances.

2.4 Surface Measurement. Svstem Devel_opment

The Polhemus 3space tsotrak digitizing system util-izes
Iow-frequency magnetic fields to det.ermine the posit.ion and

orientation of a sensor in rel-ation to a magnetÍc f iel-d

source. This information can be transmitted. to a host

computer over a R5232 serial line. The rsot.rak unit consists

of a Systems El-ectronics Unit (S.n.U.), one source and. one

sensor. The s.E.u. consísts of analog circuitry to generate

and sense t.he magnet.ic f iel-ds and to digit.ize the sensor
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analog signal. A cPU control-s the anarog circuÍtry and

performs a1l- necessary computations. The source generates the

l-ow - frequency magnetic fierds measured by the sensor. The

sensor measures the low - frequency magnetic fiel-ds generated

by the source. Figure l28l i]lustrates the polhemus 3space

Isotrak unit.

The digit.izing work st.ation developed by us is

illustrated in figure 1291. The digitizer source is mounted

underneath a wooden surface. The wooden surface is the

digitizing table and is t.he X-y measuring pIane. Because of

the effects of metal- object.s on the performance of the 3space

Tsotrak unit ai-l- metal- objects are ]ocated outside a radius

of four feet. of the digit.izing system source. The only met.al-

object contaÍned insÍde the four foot radius is t.he "mouse'l

cont.rol-ler. The small amount of met.al- contained in the mouse

should have minimal- effect on the performance of the

dígitizing system. A Pc type microcomputer is rocated at

right. angles to the dígitizing tabl-e. A vid.eo monitor is
l-ocated at an angle which enabl-es its viewing whir-e an

operator Ís using t.he digitizing system or microcomputer. The

digitizing tabl-e is located in a locatíon t.hat ís easily
reached by an operator in a sit.ting position. This work

station design emproys st.andard ergonomic consÍderations to

minimize operator fatÍgue.
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Ob jects which are t.o be digitized are placed on t.he

digítizing table direct.ly above the source. The accuracy of

the digitizer decreases with increasing distance between the

sensor and source, therefore for best results the centroid of

the object in the X-Y prane shoul-d pass through the z axís of

the source.

2.5 Surface Measurement Software Development

A computer program was developed by the author for the

corlection of t.hree dimensional surface points from the 3space

Isotrak unit.. The program is written in Fortran with

assembler code for the communication between a pc based

microcomput.er and the 3space rsoLrak unit. over a RS232 serial
port . An operator can def ine the digiti zíng l_imít.s required,

ent.er dígitized points and del-ete digit.ized poínt.s. To speed

up the entering of data points and deleting of dat.a poj-nts we

encourage the use of t.he "mouse". Surface point.s can be

entered in a random order. rf points are entered which fal-l

outside t.he digitizÍng l-imits they are not recorded

program listing is contained in Append.ix A.

The
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2.6 Accuracv Testinq of the 3Space fsoLrak Unit

The positional- resol-ut.ion accuracy of t.he pol-hemus 3Space

rsotrak digitizer is stated to be .1_3 inches for a source-

to-sensor separation of 4 to 15 inches 1141. From 15 to 30

inches the position accuracy degrades linearly to .25 inches

at 30 inches t1-41 . A 9" by L6" maLrix of surface points was

digitized for three planes of varying height.s above the

surface of the dígit.izing t.able. A l-ocalized origin was set.

for each plane. The grid is spaced with one inch increments

of X and Y. The Z axis ís hel-d constant. This is shown in

figure t30j . The heights of the planes sefected was 2 inches,

1,4 inches and 22 inches above the surface of t.he digitizing

tab1e. The dif ferent height.s represent the possibl_e t.ypical

regions that may be required for digit.izing surfaces. The

vecLor dist.ance of the origin of the t.hree planes to the

source is 25 inches, 28 inches and 33 inches respectively.

Two tests r^rere ran for each heigrht. The results of t.he t.ests

are contained in Appendix B. The accuracy of the digitizer

was within specifications for the survey done 2 inches above

t.he dÍgitizíng tabl-e. For the survey performed at a height

of 1,4 inches above the digítizing surface seven point.s were

outsíde t.he st.ated specif icat.íons. The points hrere out of

specification by a maximum of .06 inches. The test.s performed

at. 22 inches above the digitizing had twent.y two point.s with
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a positíon error greater than .25 inches. The points were out

of specif ication a maximum of .l-1- ínches. considerÍng the

resurt.s of these tests the digit.izer is wit.hin the stated

accuracies for distances l-ess than 30 inches for source to

sensor separat.ion. The accuracy of t.he digitízer is higher

the closer the surface being digitized is to the source.
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CHAPTER IT] SURFACE MODELLTNG/TOOL PATH GENERAT]ON

3,1 Tntroduction

The surfaces t.ypically encounLered in Engineering and

Medicine may be cl-assified either as "designed" or I'naLuraf ".
A designed surface may be descrÍbed easily by a known

conLinuous function. These functions can describe points on

the surface. An exampl-e of a designed surface is the straight

sÍde of a compuLer. Surfaces which are described as natural,

such as a human back can not be described as easily. There

are an infinite number of ind.ependent. surfaces which make up

a naLural- surface and thus to describe the surface, points on

the surface ítsetf must be measured. These measured surfaces

points can then be used to approximate the actual- surface.

The greater the number of measured surface points t.he bett.er

t.he natural- surface can be described. The Polhemus 3Space

digítizer provides three dimensional data points that can be

used by surface modelling software. The surface generat.ed by

means of t.he surface modeJ-ling software can then be used to

generate a tool- path file by appropriat.e Tool_ path generation

software. The tool path file is then used in the actual mold

production machine.
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3.2 Surface ModeIlinq

The basic requirement.s of surface modeltíng for the

proposed manufact.uring syst.em are:

1-. A surface must be generaLed from a fil-e of random xtytz

data point.s.

The data input must be compat.ible wit.h data from the

digitizer program.

The software should be micro-computer based, (ie: t.he

surface can be modeled within the capabilit.ies of a

3.

micro-comput.er)

The cost of the software

commercially avail-able.

shoul-d be minimal- and

Considering the out.líned requirements for surface

modelling a l-iterature search \^ras performed of commercially

available surface modell-ing packages. The software packages

researched were "Surfer" by Golden Software l3Z1 , 'rGraftool_rl

by 3-D Vísions t33l and I'Truepersrrby the Department of

Energy, Mines and Resources, Canada i3a1. All three software

packages met the requirements outlined. The "Truepers"

sofLware was select.ed because of its additional- modul-es which

al-lowed for tool path generatíon.

'rTruepers" is a general surface fitting program used to

fit random 3 dimensionar data points to a gridded surface of

constant increment.s of x and Y. Points specified randomly
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: over an x-Y grid are 
_1se 

to ext.rapolate Z val-ues at nodes of

a rectangular XrY grÍd" Local interporat.ion by it.erat.ion,

using t.he equation of an ellíptical paraboloid and a fourth

order differential- equation with stiffness ttKrr , a user

serectable val-ue, are used t.o calcul-ate surface-point heights

at. nodes in the X-Y plane t3+1. A smooth surface passes

t.hrough these interpolaLes and t.he original dat.a point.s. More

informat.ion on "Truepersrr can be f ound in the reference

"SculpLured Surfaces in Engineering and Medicine,,, Duncan J.p

and Mair, S. G., Cambridge, 1983.

To visualize the surface produced by the'Truepers'

output., I'PloL3dn is used to plot a perspective view, with

hidden line removal- of the "Truepers" output. The program

uses a ray tracing method t.o det.ermine the visibilit.y of each

point. The "Plot3d" program is contained in the polyhedral

NC system which is discussed bel-ow.

3.3 Tool- Path Generation

The basic requirements of Toor pat.h generation software

for the proposed manufacLuring syst.em are:

i-. compat.ibre with data generated from surface modetting

soft,ware.

Micro-comput.er based
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A

Ability to generate a toolpath fíl-e that closely fotlows

the modeled surface.

Toolpath files generaLed to be compat.ibte with standard

N/C machines.

A l-iterat.ure search was perf ormed of commercially

avail-abl-e tool path generatíon programs. From the survey it

$ras found that the majorit.y of t.oolpath generation programs

powerful enough to meet the outli-ned requirements ran on

engineering workstatj-ons or maÍnframe computers. The only

package surveyed t.hat met. t.he outlined requirements incrudÍng

the ability to run on a micro-computer was the polyhedrar NC

package by J.P. Duncan t3S1. This package was just being

introduced to the micro-computer market.. rt had been running

in the past on r.B.M. mainframe computers. rncl-uded with t.he

Polyhedral NC package was the ,rTruepers' surface modelJ-ing

software.

The Polyhedral NC method was developed by J.p. Duncan at

the universit.y of Brit.Ísh columbia in the years l-969-76. wit.h

t.he gridded dat.a from the "Truepers' software, cutter Locat.ion

Data (CLD) can be obtained through the use of the polyhedral

NC program rrSupersue". The Supersue program is a machining

progiram based on t.he passage of a spherically-ended tool (balI

end mil-1) passingi over a geometricalry rectangurar grid.. The

Cut.ter Locat.ion Data (CtD) can then be used Lo run an N/C

50



control-l-ed machine. The main feature of the supersue program

is that no spaciar surface nod.e is within the vol-ume of the

spherically ended tool which passes over t.he surface (i.e. no

interference) At every node Supersue will_ check aII
neighboring nodes under the projected area of the toor. rf

any of the neighboring nodes is inside the vol-ume of the tool,
interference woul-d occur. The tool- is l-ifted sufficiently

such that interference Ís minÍmised or "avoided". The process

is repeat.ed for all nodes. The program monitors each nod.e and

records the difference in height between what was actuarly

machined. and the act.ual- surface. smaller tool- bit.s result in

_ 
ess smal-ler error but more machininq t.íme is required for a

given surface. The Polyhedral- NC method works only on single

val-ued surfaces i.e. surfaces without. overhang or undercut..

3 .4 Test. of t.he Polvhedral NC Software

To test out the potential- of t.he surface modelling/tool

pat.h generation software a surf ace was sel-ected t o be

digitized, modeled and machined using the polyhed.ral NC

technique. The surface serected was the plaster cast of the

t.runk surf ace of a small- boy. The trunk surf ace is shown in

figure t31l . The surface \^ras first. digitized wit.h t.he rsotrak

3space digitizer. surface data was obtained randomry

approximat.ery for every quart.er inch of the surface. This
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F.ig. 31 Cast, of Trunk Surface
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information was recorded on disk and sent by courier to Dr.

J. P. Duncan at. t.he University of Victoria. Pictures were

al-so taken of the surface and sent to Dr. Duncan. Dr. Duncan

ran the data poínts through the Truepers program. The surface

generated through the Truepers software closely matched the

actual trunk surface. A plot of the Truepers output is shown

in figure 1321. To t.est the Polyhedral NC Supersue sofLware

a visit. to the University of Victoría was arranged for t.he

aut.hor and an Ott.o Bock representat.ive. This visít. occurred

in early April L981. Cutter Location Dat.a r^ras generated by

the Supersue package. The trunk surface was then carved on

a t.hree axis milling machine at the Universit.y of Victoria.

Figure t331 shows the surface that was machined on the milling

machine. The mill-ed surface closely matched the plasLer cast

surface. Thís test demonsLrat.ed that the Polyhedral NC

package meL t.he requirements of surface modeJ-ling and LooI

pat.h generation. It also showed the potential of the 3Space

digit.izer as a potential measuring system. More test.ing is

needed, to check t.he digitizer and Polyhed.ral NC software for

other casts.
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Fig. 32 "Truepers" Plot of Trunk Surface
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F'ig. 33 frunk Surface Reproduced
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CHAPTER IV. SURFACE REPRODUCTTON

4 "L fntroduction

The mil-Iing machine used in the test of the Truepers and

supersue sofLware packages at the university of victoria $ras,

at over $100r 000. / reratively expensive and beyond. our budget..

rn addition a mÍcro-computer was required for the down roading

of tool path files. For the proposed manufacturing system to

be a cost. effective soluLíon I a less expensive method was

required for the manufact.ure of the foam molds. For t.his

reason it was decided that a Three Axis Router would be built

by ourselves to meet the surface reproduction requirement..

The basic requirements set out. for this Three Axis Router are:

1_. Motion control of three axes with l_inear ínterpolation

of two axis simul-taneously.

Communication with a micro-compuLer.

Suffícient machine rigidíty to prevent excessive

vibratíon when the workpieces are being carved. (The

required rigidity is less t.han a st.andard milling machine

because the material that. wil-l- be used in the mold

manufact.ure is a foam material and is easy to cut., unlike

metal or wood which would require a machine of much

higher rigidity) .

)

3.
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d Have sufficient t.ravers in t.he Xry,z direct.ions to enabl-e

the majorit.y of foreseen molds to be mil-led out in one

setup.

5. Use commercially available products when possibte.

6 " Provide sufficient accuracy.

4.2 Three Axis Router Devel-opment

The three axis router al-l-ows for the manufact.ure of foam

molds from a toor path file generated through the polyhedral

NC supersue soft\^rare package. A router head moves across the

surface of the mold moving up and down forrowing the contour

of the surface generated through the Truepers soft.ware

package. The aut.hor designed, assembl-ed and assisted in the

manuf acture of t.he three axj-s rout.er. The months of May and

June i^iere used for its design, whil-e its constructions covered

the period f orm Jury t.o september i-gïi. Arr components used

in t.he design were specified and ordered by the end of June.

The components that coul-d not be ordered were manufactured

over the period of JuJ-y and August. 1,997. The ordered

components and manufactured components r^rere assembled in t.he

f irst two weeks of sept.ember 1,ggi. The router was f irst
tested in the third week of sept.ember LgBl. This time period

coincided wit.h a visit of t.he upper management of the parent.

company from West Germany.
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The t.hree axis router specif ications are cont,ained in
Appendix c. The three axis router was modeled after a I Gantry

' styre milling machine. A 'Gantryt style milring machine

(figure t3+1 ¡ has the work piece movinq on a X table

underneath a cutting head which runs on a y-Z gantry. The

Gant.ry style \^ias selected because it. would. al-l-ow for the

smal-l-est. machine to be manufacLured for t.he given xry, Z travel
requirements. Figure I35l- t38l il]ustrates t.he three axis

router. out.lined below are the main feat.ures of the t.hree

axis router.

4.2.L X Axis

The X axis is the movement of the work ctamping table

along the base of the three axis router. The table is mounted

on recircul-at.ing ball bushÍngs which run on hardened linear

ways mount.ed on a blanchard ground st.eel base prate. This

base prate is mounted to the machine base. The work cramping

tabl-e is driven by a ball screr^r mounted underneath t.he tab1e.

The bal-I screw is driven by a brushless AC servo

motor/resol-ver powered by a servo amplifier. The movement has

end of travel- limít. switches and a home switch.

58



Large-lize õ-Su¡ie¡e G¡ntrv Tyt:e l\4er:hínirig üarrter, fuÍ*dsi VÊ 32, fçi1¡i¡¡e'¡ cf Hit¡chí Seii¿í Co., i;t<i,

g:" ,&
.õ;1 i



çSfi-Cj.e Mcto=

Fig. 35 three Axis Router Components
(as built for Ot,Èo Bock Ltd. )
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4.2.2 Y Axis

The Y axis is the movement of t.he carriage, caxrying t.he

Z axis and rout.er head assembly arong the top of the gantry.

The Y axj-s carriage t.abre is mounted on recircuratíng barl
bushings which run on hardened rinear ways mounted on an

al-uminum plate. The al-uminum plate is mounted t.o the side

frames. The carriaqe is driven by a recircu]-ating batl- screw

mounted underneath the carriage. The bal-l screw is drÍven by

a brushless AC servo/motor system powered by a servo

ampJ-if ier. The movement has end. of t.ravel rimit swítches and

a home switch.

4 .2.3 Z Axis

The Z axis ís the vertÍcal- movement of the routing head.

An aluminum carriage carries a consLant speed spindre motor

wit.h a holding device for a routing tool-. The carriage is
mounted on recircuratíng ball- bushings which run on linear
r^rays mounted on the Y axis carrÍage. The movement is achieved

through a barl- screw mount.ed underneath the carriage and

dríven by a brushl-ess AC servo motor/resol-ver system powered

by a servo amplifier. The movement has end of travel rimit

swít.ches and a home switch.

4.2.4 Machine Structure

The machine base structure is a welded structural steel-
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frame with a 3/ 4" b]anchard ground. tabl-e top. Bolt. holes are

rocated in t.he tabre top for the mounting of the x axís

assembly and the side frames. The side frames are hollow

structural steel tubing welded t.ogether and secured with bolt.s

to the machine base structure. The y axis and Z axÍs are

manufactured from a]uminum plate material-. The work cramping

tabre is manufactured from aluminum pJ-ate with provision for
the securing of the foam work pieces.

4.2.5 Control Svstem

The three axis router is control-red by a compumotor pc23

indexer board mounted in an AT st,yle computer. The pc23

indexer board is a microprocessor based three axis control-l-er.

rt occupies four addresses on t.he r/o bus which do noL

confl-ict with other devices in the pc such as disk drives,

serial card or graphics adaptors. The pc23 can conLrol three

axes of motor/drj-ves that. accept pulse and d.irection input.

The PC23 uses a sixt.een bit processor to cont.rol t.he three

motor axes. Accel-erat.ion, velocit.y and posit.ion commands are

passed over t.he Pc bus to the indexer board. AdditÍonal

functions al-low for t.he monitoring of rimit switches, home

swit.ches and t.rigger inputs. The PC23 indexer is connected

to t.he t.hree motor/drives through an optically isolat.ed

adapt.or box. The adapLor box is powered by a separate 5 vol_t.

65



power supply. The Iímit swit.ches, home swi-tches and

motor/drives are connected to t.he adapt.or box. The compumot,or

PC23 operation manual i36l details the specification and

operation of the PC23 índexer board.

The motor/drive system for each axis consists of

brushl-ess servo motor, brushless resol-ver feedback and

microprocessor based cl_osed loop drive amplifier. The

mot.orldrive syst.em accept. st.ep and direction inputs from the

indexer. The microprocessor in the drive unit monitors the

pulse input. from the indexer and compares it. to the resorver

feedback. The microprocessor subtracts the actual_ positÍon

of t.he motor to calculate the positional error. The

positionar error is put into an equation with the previous

positional errors and commands to the amprifier to cal-curate

the current levers to drive the motor. The resorver posit.ion

ís read every 512 microseconds. The high sampling raLe arl-ows

for a control- system with a very fast response, This fast
response provides very accurate positíona1 and velocity
cont.rol- of the servo moLor. The Compumotor KS-Series

operation manual- t37l det.ail-s t.he specifications and operation

of the motor/drive syst.em. Figure t39l outlines t.he three

axis router motion cont.rol system.

a

a
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PC23 Motors anC Drives
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pc23
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Adapter
(lncluded)

GCr
Diskette

I +svDc (24)

I Power Si.rcply

Fig. 39 - Router Control Syst,enr, Ref . [38]
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4.2.6 Three Axis Router Software Development

As stated earl-íer the PC23 occupies four addresses in the

PC's r/o bus. Two of t.hese addresses are not used as t.hey

are dupricates of the ot.hers . pc23 mot.ion cont.rol- commands

and responses are transferred via the rnput. Dat.a Buffer
(I.D.B.) and the Output Data Buffer (O.D.B.) at the pC23 base

address. control commands and status information are passed

by the Cont.ro] Byte (C. B . ) and t.he Status Byte (S . n. ) one

address above the base address of t.he pc23. The output Data

Buf fer (O. D. B. ) and the Stat.us Byt.e (S . B. ) are read only

regísters. The Input Data Buffer (I.D.B.) and ControL Byte

(C. B. ) are write only regì_sters The PC23 indexer commands

are strings of ASCrr characters which are passed to and read

from the PC23 indexer one character at a time by

application program. The I Ct programmíng language was

selected for t.he development of the Three Axis Router

software. The I ct J-anguage was sel-ected because of the many

functíons wit.h I/O and string handling capabilities. Two

programs were developed by t.he author for the control- of t.he

Three Axis Router.

The first. program is a preprocessor which arr-ows for the

conversion of toor path files creat.ed through the supersue

software package to commands which are compatible wit.h t.he

PC23 indexer. The source code of the "convrt" program is
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contained in Appendix A" The program used to operate the Three

Axis Router is called I'pcont.our". rt. arlows for the command

st.rings created by t.he I'convrL" preprocessor prog'ram to be

downl-oaded to the PC23 índexer. Appendix A contains the

source code of the "pcontouril program.
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CHAPTER V TESTING OF THE PROPOSED SYSTEM

5.1 Introduct.ion

Five pJ-ast.er casts were sel-ected t.o be used f or the

testing of the prototype system. The casts were digitízed; a

surface was generated from the dígitized data and a tool path

was generated t.o carve the resul-ting molds on our Three Axis

Router. The plaster casts serected for the testÍng of t.he

system were typicar of praster casts produced through the

manual manufacturing technique. Figures t1-151 of AppendÍx

D shows the praster casts, the "plot3d" output of the surfaces

produced from t.he I'Truepers'r program and the cast.s produced

by the Three Axis Rout.er. The t.imes required. for digitlzing,

surface modelring and mol-d manufacture are recorded. in Table

1 - Proposed System Test Summary.

5.2 Diqitizínq

The plaster cast.s surfaces were digít.ized randomly wit.h

a spacing of L/ 4 inch bet.ween points. The times recorded. for

digit.izing ranged from 30 minutes to 4s minutes. The times

recorded for digitizing are basicalty a function of the

surface area that. must be digitized.. The cast "brear"
required the longest. t.ime period for digitizing,. it \^ras arso

t.he surf ace which covered t.he largest surf ace area.
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5.3 $i:rface Modellinq

The digitized surface data was input into the 'Truepers*

surface fitt.ing program. very good results were obt.ained by

first generating a surface using a half inch grid spacing and

then inputting t.his result.ing surface data int.o a second pass

of "Truepers'r using a quarter Ínch grid spacing. The times

required for surface modellÍng ranged from 29 minutes Lo 40

minutes, consistent with increases in cast. síze. The cast.

Itbrear' required the longest. time f or surface modelling.

surface modelling was performed on an rnt.er 80386 chip based

computer.

5.4 Tool- Path Generati_on

The output. of the I'Truepers" program was used. as input.

into the "supersue" tool path generatj-on program. A 6.00",

long, .750" diameter ball- end. mill- was serected for the

machining of the mol-d surfaces. The 'rConvrt" prog'ram was used

to convert the cutter l-ocation data generated through the
ffsupersue" program to a format. readabre by the pc23 ind.exer

contained Ín the Three Axis Router. The time required to
generate the toorpat.h f iles is contained within t.he mol-d

machining time of Tabre i- - proposed syst.em Test. summary.
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5 .5 Mol-d Manuf acture

The casts were machÍned. from a rígid foam material-

commonly used by otto Bock. The propert.ies of the rigid foam

are similar to the properties of wood. Areas which required

a g-reater than six inch depth of cut vrere roughed out manually

with the Three Axís Rout.er. The *pconLour'r program was used

for the carving of the mol-ds from data which was generat.ed by

the I'convrt." program. The feedrate of the Three Axis Rout.er

\4ras set at approximatery t2 j-nches/minute in the x-y plane.

This feedrate is werl bel-ow the capabirity of t.he Three Axis

Router, but was serected for the test.ing of the system.

5. 6 Discussion of Prototvpe Svstem Test i no

The mol-ds manufact.ured by using our prototype system were

very close to t.he casLs that. \^rere digitized. One

characteristic common to all the mords manufactured by our

prot.otype system was the surface waviness in areas of high

sIope. Areas of t.he mords which wit.h l-ít.tl-e slope change r¡rere

smooth. The waviness of the molds surfaces was not noticeab]e

until t.he actual mol-d. r^ras produced. It was dif f icult to
notice t.he occurrence of the waviness f rom the "plot3d'r
program output. A possible cause for the waviness or

result.ing surface ínaccuracies in areas of high slope are the
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l-imitations of the "Truepers" surface fitting proqram. The

"Truepers" program generates a singre val-ued surface z(xty)

defined over a rectangular grid in x and y" rn these areas

of high sJ-ope a large surface area is being defined by

relatively few data points. A different surface fitt.ing
technique woul-d probably give better results. one possíb1e

t.echnique would be to fit sprines through digitized points on

a desired surface and then fit a spline surface through the

dat.a points. This technique is shown in figures I40l-t4i-l.
The times recorded for dígitizÍng, surface moder-r-ing/too]

path generat j-on \^rere satisfactory. The times recorded for the

manufacture of t.he mords on the Three Axis Router was

relat ively long. As shown in Tabl-e 2 the t.imes for mord

manufacture and roughing ranged from B0 minut.es to 175

minutes. However while the Three Axis Router is carving out

the mol-d surface¡ ûo person is required to monitor the

operation. A person is required however for manualJ-y roughingr

out. t.he areas of greater than six inches of depth of cut. rt.

shoul-d be not.ed however t.hat t.he Three Axis Rout.er vras not.

running at the maximum poLentiar feed rate durinq t.hese test.s.

5 "7 Comparíson of the Manual Svstem to the proposed Svstem

comparing t.he manual- system to the proposed system there

are some obvious t.ime savings t.o consid.er in favour of t.he
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proposed system. The fitting operat.ion and cushion

manufacture are the same t.ime estimat.es for both systems. The

fittíng operation is est.imat.ed at one hour and the cushion

manufacture is two hours for the productÍon of Lwo cushions

used in a seat.ing system.

The cast/mold production for the manual svstem is based

on the tot.al est,imated (16 hours) production t.ime of a

comprete seat.ing system minus the fÍtting and cushion

manufacture times. The cast/mold prod.uction times of our

proposed svstem are based on t.he sum of the total t.imes

contained in Tabl-e l- for the casts "lisab" and "li-sar" which

are the trunk and back casts of a seating system. Table 2

compares the production times for the manual- and proposed

system. The cast/mol-d production time for the proposed syst.em

is approximately harf the tíme estimat.ed for the manual-

system. This is a very significant tíme saving. considering

t.hat the Three Axis Rout.er is producing the actuar mo1d, there

is a very significant labour saving in that the machine may

run unaLt.ended. rn this example the actual- direct. l-abour for
producing a seatíng system would be approximately 6.s hours

after subtracting the mol-d machÍning time on the Three Axis

Router. The totar cost of cushions can therefore be reduced
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Tabl-e l-

Propose Svstem Test-Summarv

Cast. back brear lísab lisar rear

Cast Length l-5.50 20.00 20.00 L4"jS t_5.75(x in. )

Cast Width 13.75 17.00 15.00 IA.1S 15. Ts(y in. )

Num. Points l0l2 1,754 i-051_ 571 963

Digitízing 30 45 30 30 30
(mín. )

Surface Modelling 29 40 30 30 30
(min. )

Machine Set Up

MoId Roughing
(min. )

1-5 1_5 15 15 1_5

306030300

Mold Machining 17 115 110 B0 g0
(min. )

T0TAL Prod. Time (181) (275) (ZZS) (LBS) (1S5)
(min. )

Table 2

Comparison of Manual_ Svstem t.o proposed Svstem

Manual Technique proposed Technique

Fitting Operat ion (hr. ) 1 j_

Digitizing Operat.ion (hr. ) 0 1

Cast/uotO Product.ion (hr. ) 13 5 .75

Cushion Manuf act.ure (hr. ) 2 z

Total Product íon t.ime (hr. ) 16

11
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Tabl-e 3

Manual- Technigue-Cost Breakdown

Therapist Labour

Material-

14 Hrs. G 70.00/hr

Shipping (for casts and cushions)

Production of Cushions (O.B.O. Central Fab.)
Total

980.00

20.00

100.00

s00.00
---->$1600.00

Tabl-e 4

Proposed Technique-Cost Breakdown

Therapist. Labour 2 Hrs. G 70.00/hr 140.00

Materia] 20.00

Shipping (for cushions) 50.00

Data Transmission of Digitized Data 20.00

O.B.O Central Fab. Direct Labour (1) 75.00

Machine Cost (2) 80.00

Production of Cushions (O.8. O. Cent.ral Fab. ) 500 . 00
Tot.al- ---->$ 885.00

(1) Direct Labour : (surface Modelling + Rout.er setup + Mol-d
Roughing) X Shop Rate

Direct Labour : 2.5 hrs. X $30.00/hr

(2) Machine Cost = (Router + Comput.er + Software Cost)
(Life of Machine X Num. Systems /year)

Machíne Cost. = $601000.00/( 5 yrs. X 150 systems/yr.)
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significantty as it shown in Tabres 3 and 4 " The cost. of
_'- .,,. 'T\....,

cushions produced manually woul-d be $1600.00, this incrudes

$500.00 for the cost of otto Bock central- Fab. to produce the

cushions from the casts supplied. This price is based on the

current. prices quoted by therapists in the winnipeg area as

outrined in Tabl-e 3. The estimated cost of the cushions

produced by t.he proposed system is $885.00 as shown in Tabl_e

4. This estímated cost is approxÍmately 55? the cost of a

system produced by the manual technique. Table 5 compares the

cycJ-e time between the two manufacturing techniques. The

proposed technique is approxímately l/2 the time required to

del-iver a system using the manual- technique. The main time

saving is that no plaster cast need be transported to the otto
Bock central Fabrication facilit.y. The obvious advantages of
not sending a plaster cast are reduced. cycle time, the

prevention of cast l_oss and damage The cosL saving and

reduced cycle t.ime shown by the proposed syst.em crearly

demonstrat.es t.he pot.ential_ of the proposed system.
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VÏ CONCLUS IONS AND R.ECOI"D{ENDATIONS

The manufacturing system deveJ-oped in this thesis offers
the promise of a rower cost seating system. The cycre time

of the proposed systen is approximately 1,/2 |.nat of the manual

technique. our alternati ve system offers the promise of being

easier to use than the present manufacturing technique. The

costr of a compJ-e-ued seating system using the proposed

technique is approximateJ-y 55? of the cost of a system using

the manua'l technique. Overa1I, with lower cost seatinq

the product, whichsysten more people could have access

would raise their quality of life.
The systen developed in this thesis d.oes have its

rimitations. Presently onry a single varued. surfaces (i.e.
no undercuts) have been digitized., mod.erled and carved.. onry

a small number of plaster casts have been tested; t.he use of
the fit.ting chair with the t.hree dinensionar digitizer has

not been cesced. These limitations must be overcome before

the system could be used as an al-ternative to t.he present

manufacturing ¡.s5¡i que. Listed on the following page are

a number of recommendati ons outl-ining future work that shoulci

occur:

a

to
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Diqitizinq- The 3 dimensionar d.igitizer shourd be tested. with
the fitting chair. Micro-computer based. software shourd be

developed for the digitizing of undercut. surfaces, with

features which al l-ow for surface viewing from a user defined.

angle with the ability for surface mod.ification.

Tool Path Generati on- Tool path generation software packages

be investigated for the machining ofand techniques should

undercut surfaces.

,¿)

Surface Reproduction- Software should.

aui.omatic roughing f?,. t.he removal of
- ]'/ 

'':six inches in d.epth. A possibility of
-.-..

to the router should be investigated.

undercut surfaces.

be developed for the

material greater than

adding a fourth axis

for the machining of

otto Bock orthopedic rndusi.ry of canad.a consicers the

thesis work to be of great. val-ue. More work based on the

thesis is to occur in t.he future. one of the very

sati sfaccory resul-cs of t.his thesis is thac it has shown the

potential- of univers ..t-y / inCustry cooperation. The result ha-¡e

proven useful- to t.he sponsoring company -by the development.

or promising new production method with additional

technology transfer spin-offs to ot.her corporate areas; to

ôôo¿



the universíty -by devej-oping its expert.ise and visibirity in
this advanced technorogy area/ and to the Msc. stud.ent who

l-earned a great deal and in fact was later hired. by the
sponsoring company to continue the development of t.his
project.
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VII PRESENT STATUS

The author has been employed. with ot.to Bock orthoped.ics

rndustry of canada Ltd.. since April, 1999. His curreni
position is Project Leader with the priorit,y for the

implementation of the custom seating system as outlined. in the

preceding thesis. The status of the project to october, j-9g9

r5 -

Diqitizinq- currentl-y micro-computer based. sofc.ware is being

developed for the digitizing of undercut surfaces. The

software's features alLow for viewing with shad.ed rend.ering

from any vie'arpoint. surface mod.ification features are to be

addeo in earry 1990.

Diqit Lzlno /E lttino Chair- Currentl-y t,he 3D drgic Lzer is being

used. wiLh fitting chair for a geriairic seating srudy. The

t.echniques for ciigit.izing are being deveroped. The results
of this study wj-ll be used. for a future product line of otto
Bock Orhchopedic Inciusiry of Canad.a Ltc.

Toolpath Generation- A number of micro-comput.er based. cAM

programs are being investigated for the machining of undercut.

surfaces. The investigation has been invaluable j_n finding
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information related to t.hree dimensional CAD/CAM packages that
have potent.ially other uses in the otto Bock orgranizatíon.

Diqitizinq Techniques- currentl-y the author is involved wit.h

the t.esting of a digitizing t.echnique based. on stereo vision.
The company is working in cooperation with t.he National-

Research canada at the canadian rnstit.ute of rndustrial
Technology in vüinnipeg. The digitizing t.echnique based on

stereo vision is being investígated for it.s promise to provide

a speed enhancement over t.he magnetic f iel-d digítizing
technique.

85



I.

VII] REFER.ENCES

Paneth, N. and Kiely, J.: "The Frequency of Cerebral
Palsy: A Review of populat.ion Stud.ies in
fndustrial-ized Nations Since 1950" in Clinics in
Devel-opmental Lcine No. / - 'l-'ne _hiÐr
Cerebral_ Palsies. Editei by F. Stanley
Alberman. Spascics Int.ernaiional Meciical

of
and E.
Publications.

Oxford, 1984r pp. 46-55.
2. Paneth, N. and Stark, R.: "Ment,al_ Retardation,

cerebrar Palsy, and rntrapartum Asphyxia" j_n Manaqement
of Labour. Edited by w. R. cohen and E. A. Fried.man.
university park press. BaJ-timore, 1993r pp.143-161-.

3. Evans, P., El-l-iot, M., A1berman,8., and Evans, E.:rrPreval-ence and Disabil-it,ies in 4 to g year old.s with
cerebral PaJ-sy". Archives of Disease ín chil-dhood,
Vol . 60 , Oct . 1- 985, pp . 940-945 .

Monckton, G., Hoskin, V. I and Warren, S. : "Revalenceand fncidence of Muscular Dystrophy in Alberta,
Canada". Clinica1 Genetics. Vo1. 2L, lgg2, pp. i-g-
)/1

5. Committee on Trauma Research, Committee on Life
sciences, National Research councir and the rnstitute
of Medicine. rniurv in America. A continuinq public
Hearth Problem. National Acaciemy press, wãsninguon,
D. C. , 1gg5 .

6. Mi-nteer-Convery, M. A.: "liead Injury". Chapter T in
Annual- Review of Rehabilitation. Edited by E. L. pan
et â1 ., Vo]. 4t Springer publ-ishing Company, New york,
1985¡ pp .215-239.

7 . Fiel ci, J. H. : Epicemiol-oqv of Head rniuries in Enqland.
and Wales. Crown Copyright HMSO/ lgj 6.

I . Morri s r J. N. : uses of Epid.enioroqv . 3rd. ed.ition.
Churchill Livingstone, Edinburgh, LglS

9. octo Bock Orthopedic rnduscry of canad.a Ltd. seatinq in
Re-¡i-ew current rrends f or the Disabreci. March 199 9 .
Ï):na 1)Ê,! uvu L1J.

10. ocio Bcck orihopedic rniustry of canad.a Lici. seatinq in
F.evrerv current rrends for the Drsabl-ed. March 1999.
Draa tr?!qYe JJ.

11. Proceeiings of the rnternat.ionar conference of the
Association for the Advancernent of Rehabirit.ation
Technology MontreaI, ZS-30 June l_989.

A

B6



13

1_6

L2.

1d

15.

¿v.

)1

)2

)'),

a^

25.

Vroomen, L. C. ; tt¿1ì f nvestigaiion into the
applicability of sonar in area determinationr', L4B-
l-50,' Dept. of Mechanical_ Engineering, University of
McGiII,' 19 85 .
Kay, L.; 'rNon-Visual Perception by Ultrasonic Imaging
of a Robot Workspace"; proceedings of the 7th
International Conference on Automated Inspection,.
Birmingham, U. K.,. March 26-28, 1985; page 39.
Mcdonnell Douglas Corp.,. 3Space Isotrak Users Manual,.
'1 0atr

Bresina, S. J.; I'Three-Dimensional Wríst fmaging:
Evaluati on of Functional and pathologic Anacomy by
Computer",' Computers in plast.ic Surgery, page 391;
1_986.
Kri eg, J. C . ; " Three-Dimens iona't Echocardiography
Initial Feasibil-ity Testi ng"; Mcd.onner 1 Douglas
Electronics Company Reportr page L-L4; 1983.
Mullins, P.; "Four of Europers Best Fl_ex Systemsr',.
Production, page 80-81; October j-986.
Productíon,. "Testing and Measurement Focused. on
Quality'r,' page 58; October j-986.
Takasaki, H.; rrsimultaneous all-around measurement of a
living body by moire topography",. 13th Congress of the
International Society for Photogrammetry,. Hetsínki,.
pege 1527-1532; I976.
Terada, H.; "Three-dimensional representation of relief
changes on body trunk surface during abduction of upper
extremíiies ",' Jnl Ant.h. Soc . of Nippon; page 82; Lgj 4 .
Theocaris, P.; "Moire Fringes in Strain Analysis";
Commonwealth Library Series, pergamon press; Lg69.
Duncen, J. P.; "Non-coherent optical tochnigues for
surface survey"r' Research Techniques for Non-
Destructive Testing; Page 223-268; L973.
Duncan, J. P.r' Sculptured Surfaces in Enqineerrnq anci
Medrcrne/' pegte 92; CambrJ-Cge Uni versicy press,. 1983.
Duncan, J. P.,' t'Moire Contourography and Computer Aided
RepJ-ication of Iluman Anacomy"; Engineerrng in Mecircine;
pege 29-36; 1980.
F.ixcn, R..; "3-D machine vi sion for auE.omat:-c
measurement of compl6s shapes",. Proceeciings of the 7th
International Conference on Auiomateci Inspection,.
Birmingham, U.K.; March 26-28 t-985; page L3?.
Rixon, R.; "3-D machine vision for automatic
measuremenL of complex shaÞes",. proceedings of t.he 7t.h
International Conference on Automated Insoection,.
Birmingham, U.K.; March 26-28 1985; page L2i-1,38.

t1

18

19

¿o

o?
OI



21 Yoshizawa T.; "Automatj c 3-D measurement by theprojection of a grating pat,tern",. Fourth rnternational_
symposium on surface Topography and spinal Deformity;
Lac St.e Marie, euebec; Sept 2g-3Ot 1996; pag.e 4j.Fourth rnternat.ional symposium on surface Topography
and SpinaI Deformity; Lac Ste Marie, Quebec;- Sãpt- 2-9_30, 1986.
Mullins, p.; "How Automated Inspection is Getting ItRight rhe Firsc Ti-me'r,' prod.uction; March 1g86, pãge 30-
32.
Mccorl-um A. J.; I'Three Dimensionar opticar sensing";
Proceedings of the 7th rnternationar conference on
Automated fnspectíon,. Birmingham, U.K.; March 26-2g
1-985,' page l-61-i_75.
simmons J. p.; "A R.eal--Time three-Dimensionar vision
systern for Robot Guidance",' Robotics Engineering,. Jan
19 8 6,' pâge 23-25 .

Golden software rnc. "surfer Reference Material". 19gr.
3-D vÍsions, rnc . Graftool Graphical Anal-vsis svstenr.User's Guide Excerpts Version 2.00. L999.
Duncan, J. P. and Mairr s. G.: scur-ptured surfaces inenq'ineerinq and med.icine. cambridge unine=sity ere.ss .100?

Duncan, J. P. Porvhedral NC software user, s Manual.
10a?

Parker
Parker
Parker
THK Co

28.

/9

30.

31.

?2

?¿

36.
)1

.{H

{u

Compumotor, PC 23 Operator/s Manual. 1987.
Compumotor, KS-Seríes Operator/ s Manual. 19gT.
Compumotor, G Code Tnteroreter User Guide. j.gg9.
Ltd., Linear Moiion Svstems . 1_997; page 22L.

BB



IX. A-PPENDIX A:

Computer Source Code

B9



$STORAGE:2
$NOFLOATCA,LLS
c*******************)k*********************************x*******r(*********
C Routine Name : SpACE *
C I,ast Revised : 8j/03/20 *
C Sub Version : 1.00 *
C File Name : SpACB.FOR *
C Sys Version : 1.00 *
C Author (s) : W. McAdam *
t*

C* * * * * * * * ** * * Jr** * ** * * * * * * * * * * ** * * * * * * * * * *** * ** * *)k ** * * * * * * * * * * * * * * * * * * ** *c Purpose: Test for importing data from 3spAcE DrGirrzER
c
C Subroutines Called:
C PUTCOM MOUSES GETCOM(EXTERNÀL)

c-------- _____-__l

PROGRÀM SPACE

TNTEGER IPORT/ N¡ ND/ OUT/ OPTION/ NN/ NP
TNTEGER LNGTH/ ILGTH, M! t*2l M3, M4, BLGTH, PITCH
REAL XP, YP t ZP ,X,Y, Z, Xl"fAX¡ yMÀX
CILARÀCIER INSTR*26, OUTSTR*38, SNSTR'k55, STÄT*4/ SEND'k51
CHÀRÀCTER FlLNA.l'f*12, NAME*12 / EXT*4
ctLA,RAClER*l TEST, PRO, RET
EXTERNAL MOUSES

C.àIL CLRSCN

c--------
C SCREEN HEADER 

Ic--------
c

CALL HE.AÐSP

CALL CLRSCN
U

c--------
C SET IPORT = COM2 

Ic--------
ïPORT=l-

c
c--------
C CHECK STATUS OF DIGIÎIZER

Ic TEST TO SEE IF rlp CALCULATTONS ARE ENABLEÐ 
Ic--------

c
CALL STATUS

c
c--------
C SET DIGITIZER OUTPUT TO CARTESTAN COORDTNATES 

Ic--*-----
OUTSTR=, O2 | Lt
LNGTIi=5
C.\LL PUTCOM (IPORT/ OUTSTR/ LNGTH/ 1/ IERR)

10



RETURN
ENÐ

c--------
C THIS SUBROUTTNE ENABLES TTP CALCUTATIONS TF NECESSARY 

Ic--------
SUBROUTINE STATUS
CHARACTER TEsr*1, srAT*4, SEND*51, oursrR*38, sNsrR*55/ NÃi{E* I
INTEGER IPORT, LNGTH/ TLNGTH
IPORI=1
OUTSTR=' S'
I ì1^ñrr-l

SNSTR=, ,

CALL PUTCOM(TPORT, OUTSTR, LNGTH, O, TERR)
CALL GETCOM(TPORT/ SNSTR, TLNGTH, 55, IERR)
READ (SNSTR,1OO) STAT/ ÎEST, SEND

10 0 FORMAT (A4 , A1 , À51 )

IF (TEST .EQ.'2' .OR. TEST .EQ.,S, .OR. TEST .Ee.,O,)THEN
OUTSTR:, tYt/
LNGTH=3
CALL PUTCOM (TPORT/ OUTSTR, T,NGTH/ O, IERR)

END TF
RETURN
END

c--------
C THIS SUBROUTINE PRTNTS OUT THE MAIN ],IENLI 

Ic--------
SUBROUTINE MENII
CALL CLRSCN
wRrTE (*,, (!x,AL,A5) / ) CH.A.R (27),' l7 ; tf'
WRITE ( j., 10 0 )
wRITE (*r 101_)
wRrrE (*,102)
wRrrE (*,103)
wRrTE (*,104)
wRrtE (*,105)
wRrTE (*,1 06)
I,]RITE ( *, 107 )

wRrrE (*,109)
wRITE (*,109)
wRrlE (*,110)
wRIrE (*,11_1)

c
L00 FOR},fÃr (25X,
101_ FORtvfAr (25xl
]-02 FORMAT (25X,
103 FORMAT (25Xl
104 FORMAT (25Xl
1-05 FORMAT (25X,
10 6 FORI'.IAT (25X/
107 FORMAT (25X,
108 FORMAT (25X,
109 FORMAT (25Xl
110 FORMÀT (25Xl
111_ FORMå,T (25Xl

RETURN
END

'r' ,27 ('-') ,'1 ')
'ltr27(t'),'l')
' I t, gxt /Må.rN ¡4ENU/,9X,' l' )tlr,27(r t),r1,)
, l, ,4x, /F1 -DATA ACQUTSITTON/ / 3x/
I I t |  xr, F2 -RETURN To Ð.A. / ,5x, , I

tl , 
),)

"4x, 
/F3 -HEI,Pt rlsK,tlt),,4x, 'F4 -EXIT TO DOS/,gX,'|'\

tl t
tl I
tl r

tLt

,27(''),'l'
,27(''),'l'
,27(''),tl'
,27('-'),t-'

9r



IF (MOPT .EQ. 1)THEN
CALL DELPNT (NN/ ND/ NP/ N)

ELSE IF(MOPT .EQ. 2)THEN
coro 100

END IF
END IF
coro 200

ELSE IF(OPTTON .EQ.
coro 100

ELSE IF(OPTTON .EQ.
coro 400

ETJSE IF (OPTTON . NE.
*.OR. OPTION .NE. 4

coro 100
END I!'

3 ) THEN

¿ \ .l1HtrRI
- / ¿.¡!¿r

1 .OR. OPTION .NE.
) THEN

2 .OR. OPTION .NE. 3

400 CALL DATASD(NÐ,N,OUr/NtY,Z)
wRrTE (*,' (!x,À1/A3)' )Cl.iAR (27),' lOm'
CALL CLRSCN
CÄIJL RI.TNKEY

cAtL clRSCìr
STOP
END

c--------
C TIiiS ROUTINE PRINTS ''SPACE" ON TIìE SCREENI. 

Ic--------
c

SUBROUTTNE HEADSP
l.É¡ÀÞ3,l-l-'FÐx'1 Drn

c
wRrgE (x,, (!x,A1/A5)' )CIIÀR (27),' [5,.1f'
WRITE (-, 10) C¡L{R(27) r, l33nr,, CHÄR (21), r l}m,
WRITE (*,2C ) CIIÀR (27) ,' [33m,,C!LÀ-R(27) , , [0m,
WRIîR (*,30) Ci¡ÂR (27¡ ,, [33m, , CHÀR(2?) , , [0m,
WRIîE (*,40)CHÀR (2'7) ,, l33m,,CHÀR(27),, [0m,
WRiTE (*,50)CIiÀR (2"7) ,, [33m, , C]LAR (2?) , , [0m,

10 FOtuYÀT (34X/Àl- ,A4-,' l-t --j ,,A1 ,À3)20 FoR.¡,1{r(34x,Al_,A4,'l I ll ll I ,,AL,A3)
30 FORI.IAT (34X,À1 ,A4,'l I ll ll L_ ,,A1,À3)
40 FOR-r"rAr(34x,A1 ,A4,' il I il I ,,A1,A3)
50 FoR-¡.LA,T (34X,A1 ,A4,' tl I ll I ,,A1,A3)

c
wRrrE (*, , (1x,A'1 ,46) / )CHÀR (27) ,' lt4;lf,
WRITE (*, 100)CHAR (2'7) ,' [34m/ , CHÀR (27) , , [0m,100 FOR-¡,|AT (38X/A1 ,A4,, VERSION 1.00, ,A1/A3)
wRrrE (*,, (1x,41/A,6)')cHeR (27) ,' 116;tf,
WRITE (*, 200) CHAR (2'7),, [34m/,CHAR(27),, l}m'200 FoRMÄT (33x,A1,A4,, UNIVERSTTy oF MÀNIToBA,,A1,A3)
wRrrE (*,, (1x,Al_/A'6), )CHÀR (27),' [1g;1f'
WRITE (*/ 300) CHAR (27) ,, [34m/ , CHAR (27) , , [0m,

3 O O FORMå,T (2 9X¡ 41 ,A4 , 'DEPT . OF MECHÀ,NTCAL ENGTNEERING/ , 41 , A3 )lfRrTE (* ,' (Ix,Al /.A,6) ' ) CHAR 127) ,' 122;!f.,
WRITE (*,400)CHAR (27) ,, [31;5; 41mt , CHAR(27) , , [0m,400 FORMÄT(33X,A1,A9,, PRESS RETURN To CONTTNUE, rA1,A3\)
READ (*,500) RET

5 0 0 FORMAT (A1 )



c
c--------
c DEFINE ¡4EASUREMENT PLÄNE POSITI1rE Xtyrz, 

Ic--------
c

OUTSTR=¡Hl_/ 0/ 0,-!,
LNGTH=9
CALI, PUTCOM ( TPORT / OUTSTR, LNGTH / 1 / IERR)

c
OUTSTR='41, 0, 0, 0, -64. 48, 0, 0, 0, -64. 48 | Ol
LNGTH:30
CALL PUICOM(IPORT/ OUÎSTR, LNGTH, 1, IERR)

c
c--------
C MAIN MENU SELECTION
c 

oÐ!a\, r r\J¡\ 
Ic--------

c
1OO CAL]J MENU

CALL OPT (OPTTON)
IF (OPTTON .EQ. 1)THEN

CAITJ TNITL (XMAX/ Y}'ÍAX/ NÂME)
N:0
NN=0
ND=0
OUT=0
X:0.0
Y=0.0
z:0 .0

END TF
rF (opTroN .EQ. 1 .OR. OpTTON .EQ. 2)SHEN

CALL TPHDR
CALL INFO (>O(AX, YI4AX/ NA-Ì'.!E)

CALL TILL (NN)
Ml=0
CALL MOUSES (Ml_ tt42 | M3 | t"1.1)

200 CA,LL CHECK (MOPT)
IF (MOP! . EQ. t_ ) THEN

c--------
c GET ÐArA POTNTS 

Ic--------
U

CALL DATÀSD (ND, N/ OUT/ XtY t Z)
ND:0
CALL GETDAT (IPORT/ XP IYP IZP)
CALT, CHKLIM (XMAX, y¡4.AX/ Xp, yp / zp / ouT/ NN)
IF(OUT .EQ. O)THEN

CALL CONVRT (XP IYP I ZP IXIY T Z,XMAX, YMAX/ NN)
N=N+1
Np=0

END TF
ENÐ TF
IF (MOPT .EQ. 2)THEN

WRITE (*,' (IX,A1/.A'6)' ) CHAR (2-7),' [16,. 1f'
WRITE (* ,210)

210 FoRMAT(10X,, l' t2ïxtlL:DELETE LAST pOINTr, l_X/ /R:MAIN MENU, r15)' xr' l')
CALL CHECK(MOPT)
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C INTTI.A,L]ZATION PROCEDURE
c--------

SUBROUTÍNE INITL (XMAX/ YM.AX/ N.AME)
CHARÀCTER FILN.AM* 12 / NAME*l_2 / EXT*4
REAL XMAX/YMAX
CALL CLRSCN
wRrrE (*,' (!x,A.L/45), ) CHAR (2-l),' L-t ;Lf'
wRITE (*/ 100)
wRrrE (*,101)
wRrrE (*,L02)
wRITE (*,103)
wRITE (*,104)
wRItE (*,104)
wRrTE (*,l_05)
wRrTE (*,106)
wRrTE (*,107)
wRrTE (*,108)
wRITE (*,109)
wRrrE (*,109)

l-00 FoRMAT (25xt,f,,2i 1r-r ¡,- t 
¡

101 FORM.AT (25Xt | | ' ,2'7 (' 'l ,, | , )
102 Fozu,tÀ,! (25x, t 1,, 6x,,ÐATÀ AQUrSrrroN" 6x,, l, )103 FORMAT (25Xt ' l 

"!2x, 
rMENU, ,!!X, ' l ' )l_04 FORMå,T (25X,'1"27 ("),'l')

105 FORMÀT (25X,t l',!X,,ENTER: -OUTPUT DATA FILE,,2:X,, l' )106 FORMÀ! (25xt'l 
"gxt,-xMAx 

IrNCHESJt,sxt'l ')107 FORMAT (25X,'t t ,gxr '-yMå,x [rNcHES]' ,5X,'l')108 FORMAT (25Xt t I t t27 (t ') ,' l')
L09 FoRMÀT (25xt'L' ,2'7 (,-,') ,'-J,)

c
WRITE (*, *)' I
WRITE (*, *)' I

wRrrE $ rtt2)
II2 FOR¡4AT (2'7X,' OUTPUT FILE>/\)

REaO 1*, 113) Nå,ME
113 FOR-[4Àr (A12 )

WRITE (FILNAM/ 114 ) NAME
ll4 FORI'.!ÀT (A12 )

OPEN ( 3, FILE=!'ILNAM/ STATUS:'NEW, )
wRrTE (*,1L5)

115 FORMAT (35X, 'XMAX>/ \)
READ (*/ 117)xMÀx

U

wRrTE (*,116)
Ll- 6 FORrYå,T (35X, 'YMAX>/ \ )

REeO 1*/ 117) YMAX

]-]-7 FORMAT (F4 . 1)
RETURN
END

c--------
c THIS SUBROUTTNE SELECTS WHICH OPTTON WAS SELECTED 

Ic--------
SUBROUTINE OPT (OPTION)
]TÏTEGER OPTION
CALL FUNKEY

cì ,ì
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wRrTE (*, *)' I

wRITE(*/100)
100 FORI,ÍAT (33X, 'ENTER OPTTON>' \)

REaO 1*,110) oPTION
110 FORM.A.T (r1)

RETURN
END

c
c
C IHIS SUBROUTINE PRINTS ',L:pOINT R=OpTIONS" 

Ic--------
SUBROUTINE LPRO
wRrrE (*,, (!x, Al_,A6) ') CHAR (27) ,' l:-6;lt,
!.¡RrrE (*,100)

100 FORI'IAT (l_0X, ' | | ,25xt 'L=poINT' ,4X,' R:OpTIONS' r2Ix, ' l ')wRrrE (*,, (!x,A1,A3)' ) CHÃR (27) t' llDt
R.ETURN
ENÐ

c
c--------
c THIS SUBROUIINE CHECKS THE STATUS OF THE MOUSE AND PROVTDES fHE IC FOUR POSSIBLE CASES 

Ic--------
SUBROUIINE CHECK (MOPT)
INTEGER Ml ,M2,M3 tl44
TNTEGER MOPT
MOP!:0

1 n M]:i
rrâ 

-^L'!Z- V

CALL MOUSES (Ml_ tMz,M3 tM4)
rF (M2 .GT. 0 )THEN

ELSE
M1 =F
lia 

-l

CALL MOUSES (¡tt tt42 tM3 tt"14)
rE(M2 .cT. 0)THEN

MOPT=2
ELSE

coTo l_ 0

END IF
END IF
RETURN
END

c
c--------
C THIS SUBROUTTNE CHECKS TO SEE ]F A. POINT IS WRTTTEN TO DTSK 

Ic--------
SUBROUTINE DATASD (NÐ, N, OUTT X, Y, Z)
INTEGER ND,N/OUT
REAL X/Y, Z

IF (ND.EQ. O.AND. N.GT. O.AND. OUT.NE. 1)THEN
wRrTE (3,100)x,Y,z

100 FORMA,T (E'7 .2t1x,F7 .2,!x8.7 .2)
END IF
ND:0
RETURN
11i\u
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c
c--------
C THIS SUBROUTINE ACCESSES THE DIGITIZER FOR A POTNT 

Ic--------
c

SUBROUT]NE GETÐAT (]PORT, XP/ YP/ ZP)
TNTEGER IPORT/ LNGTH/ ILNGTH
CHARACTER OUTSTR*1 / INSTR*2 6 / RECORÐ*4
OUTSTR=/ P'
LNGTH=1
1ÀTQîrÞ:/ t

ILNGTH=2 6

CALL PUICOM ( IPORT / OUTSTR/ LNGIH, O, IERR)
CALL GETCOM ( TPORT, INSTR/ TLNGTH/ 2 6 / IERR)
I{EAD (INSTR, 10 0 ) RECORD, Xp typ I zp

100 FORMAT (A4t87.2tF7.2,î':, .2)
RETURN
END

c--------
C IHIS SUEROUÎINE CHECKS TO SEE ]F THE DIGiTTZED POINT TS WITHINC ITIMITS XI{AX/YMAX. IF rT IS OUTSïDE oF THE LIMTTS No poINT rSC TAKEN ÀND A WARNING ESEP TS SOTINÐ.c--------
ç

suBRoulINE CHKLIM (XI,íAX / yl,.!AX / Xp / yp / zp / ouT / NN)
REAL XMAX/ YMÀX, XP I YP I ZP
INTEGER OUT/ PIICI{, BLGÎ]:/ NN
BLGîIi:4 0 0
ÞTFFr",r:Qn

^1rF- ^UU T-U
I!'(ÀBS (XP) .GT. Xj4}Jj./2.0 .OR. ABS (YP) .GT. Y¡,LAX/z.0)TIiEN

rra T.T. T.ÞÞrì

wRrTE (x , ' (!x,Ã'1 / A6) ' ) CHAR (27) ,' [1g; ]_f '
WRITE (*,100)NN/ CLA.R (27) ,' [3 j-;5; Aimt , C]LàR(27) , ' [0m,

L00 FORMAT (1CX,' l', 5X,,N:/, !4 t 4XtA1,A9/ /NO pOINT g.1KEN>OUIS1DE SUR/* TFACE LI¡'IITS'/A1 tA3,L4Xttl|)
^rtñ-tUU I-I

wRrrE (*, , (1x,AL,Â.3) / )cliÀB. (2.7) ,, lLD,
CALL BEEP (BLGTH/ PiTCH)

END IF
RETURN
END

c--------
C THE DATÀ SENT FROM THE DTGITIZER IS COT.]VERTED TO A USEABLE
C FORMAT BY THIS LOOP, ANY POTNTS FALLING OUTSTÐE XT.,fAX AND
C YMAX ARE OMMITED.
c------*-
c

SUBROUTINE CONVRT (XP / YP / ZP, X I Y I Z I XMAy. I YMAX' NN)
REAT. XP IYP I ZP'X, Y, Z/ XM.A,X/ YMAX
INTEGER NN
rF(xp .cT. 0.0 .AND. yp .cT. 0.0)THEN

X:XMAX/2.0 - Xp
Y=Yt¡tAx/2.0 - yp
L_LT

ELSE IF(XP .GT. O.O .AND. YP .Lr. O.O)THEN

qr-
tt,



x=xriA.x./2.0 - xp
Y=yMAx/2.0 + ABS (yp)
4- LE

ELSE rF (Xp.tt. 0.0.AND. yp.LT. 0.0)THEN
x=xMAx/2.0 + ABS (xp)
y:Yt"tÀx/2.0 + ABS (yp)
a-Lt

ETJSE IF (XP .LT. O.O .AND. YP .GT, O.O)THEN
X=Y'¡.1ÀX/2.0 + ABS (XP)
Y:YMAX/z.0 - (YP)
L_LY

ELSE IF(XP .EQ. O.O ..ANÐ. YP .GT. O.O)THEN
X=y,¡{AX/2. 0

Y=YI4AX/2.0 - yp
L- LE

. ELSE IF(XP.EQ. O.O.AND. YP.LT. O.O)THEN
X=XlaAx/2. 0

Y:YMAX/2.0 + ABS (YP)
o-oi

ELSE IF(XP .GT. O.O .AND. YP .EQ. O.O)THEN.
X=X}[¡IX/2.O - xp
Y=YM.AX/2. 0

L: ¿JE

ELSE IF(Xp .LÎ. 0.0 .AND. yp .EQ. 0.0)THEN
x=xlaLx/2.O - xP
Y=YMAX/2. 0

L_hE

ELSE IF(XP .EQ. O.O .AND. YP .EQ. O.O)T}iEN
x=xMAx/2. 0

Y=Y¡{Axl2.0
L_48

END IF
NN=NN+1
CALL LPRO
wRrrE (*, , (1X,41,A.6) ' ) CHAR (27) ,' [19;1fl
wRrTE(*/100)NN,X/Y/Z

100 FOR$4AT (LOXr'l' ,5X, 'N=/ r 14,lOXttX=, tEj.2t 1X, /y=/ ,8j.2,!X,t 7=t ,îi.2r*16xrrl r)
wRrrE (*,, (1x,AL,A3), ) CHAR (27) t t ltDl

c
RETURN
ENÐ

c--------
c THIS SUBROUTINE PRODUCES THE TOP BORÐER OF TIiE DATA ACQU]STTTON Ic FILE 

Ic--------
c

SUBROUTINE TPHDR
CALL CLRSCN
wRrTE (*,, (1X,Al-,.A'5)' ) CHÀR (27),' l7 ;tf'
wRrTE (*,100)
wRrrE (* t200)

L00 FORMå,T(10X,'r' t66(t-t ) tn t 
)

200 FORMAT (10X, ' | ' ,66 (' ') ,, l, )
RETURN
r,t\u

c--------

q+



C IHIS SUBROUTINE PRTNTS THE OUTPUT FTIE NÀME AND XMAX, YMAX
C ON THE HEÀDER
c--------
c

SUBRoUTINE INFO (XMAX / YMAX, NAME )

REAL XMAX,YMÂX
CHÀRACTER*]-2 NAME
WRITE (*, 100) CHAR (2j),, [30; 4?m, /NAME/CHÄR(27),, [0m,
WRIÎE (* t200 )Cgen (27) ,, 130;47m,/XMAX,CHÀR(2?),, [0m,
WRITE (*, 300) CHÀR (27]',, [30; 47m,,yMÀX,CHAR(27),, [0m,100 FORMAT(10x, ' l t ,zoxtAllA7, /ourpur FrLE NAME>t ,A!2/.A,1 /A3 t!7xt,l t 

)200 FORMAT (10X/ ' I t r23x,A!,A7 ,' Xl.,f.Ax> , ,E4.It t INCHES' ,A!,e3,25k,'l 
'' 

¡300 FORMAT (10x/ ' l t ¡23xtALtA7 t' YMAX> t tE4.!,' rNcHEs' ,A!,A3,25x',, ¡ ' '',

CALL BPHDR
RETURN
END

c
c--------_
c THIS SUBROUTINE CLEARS THE SCREEN 

I

SUBROUTINE CLRSCN
[lRrrE (*,, (1X,Al_,A3) ') CHÂR (27) t t l2Jl
RETURN
ENÐ

c--------
C THTS SUBROUTTNE PRINTS THE BOTTOM OF THE TOP HEADER 

Ic--------
SUBROUTTNE BPHDR
FIRITE (*,100)
wRrTE (*,200)

100 FORMAT(l_ox/'t' r66(r, ),'l,)
200 FORMAT (10X/ / L' , 66 ('-' ) ,,J , 

)
RETURN
END

c
c--------
c THIS SUBROUTINE PRINTS THE BOTTOM HEADER 

Ic--------
SUBROUTINE TALHÐR
wRrrE (*/ 100)
wRrTE (*/ 200)

100 FORMA,T (10X/ / I t ,66 (' ') ,, I ')200 FORI'{AT (L0X/ ,L, ,66 (r r ¡ , r) t ¡
RETURN
END

c
c--------
C TH]S ROUTINE DEFINES THE REST OF THE DåTA ACQUISIT]ON FRAME Ic--------

SUBROUTINE F]LL (NN)
]NTEGER NN
wRrTE (*,' (Lx,A1/A6)' ) CHAR (27),' lLA;Lfl
wRrrE (*,100)
wRrrE (*,100)

100 FORMÀT(10X,'l t,66x,, I t )

CALL LPR.O
wRrTE (*,' (1x,41 ,Ã'6)')CHAR (2.1 ),' lL7;If,
wRrrE (*/ L00)

19



wRrrE (*,, (tx,A1,A6)' ) CHÀR (27),' [19..].f.
wRrrE (*/ 200) NN

200 FoRMAT (10x, , , ,5x, / N:, , !4, s1x, t t 
)

wRrTE (* ,' (Lx, A1/A'6) ' ) CHI\R (27) ,' ltg;Lf I
CALL TALHDR
RETURN
END

c--------
C THIS SUBROUTINE CONTROLS THE DELETION OF A POTNT WHTCH WAS Ic SELECTED By tHE DIGTTIZER OPER.A.TOR 

Ic--------
SUBF.OUT]NE DELPNI (NN/ ND, NP/ N)
INTEGER NN/ ND/ NP / BLGTH, PITCH, N
RT,r]TIJ=¿ N N

ÞTrfñÊ:?n
ND=1
NN=NN-1
IF (N .EQ. O)TIIEN

wRrTE (*,' (1x,Ã'1,.4'6) / )CHÀR (27),' [19;]-f'
WRITE (*,100)C¡¡_AR. (2j) ,, [31;5; 41m, , CHÀR(22) , , [0m,

100 FOR¡.L{T (l-OX, ,l ,,5X, /N:/ ¡ t Ot tl-S]XtAl_/49, ,NO pOfNT TO DELETE/ rA1* ,A3t22Xt'lt)
NN:NN+1
CALL BEEP (BLGTH, PITCH)
CALL LPR,O

ENÐ I!'
TF (NP .EQ. 1 .ANÐ. N .GT. O )THEN

NN=NN+1
CAIL LPRO
wRrrE (* ,, (!x, AL,A6) ' ) C..tÀR (27) ,' [19,. 1f '
WRITE (*,2Q0) NN, C:I-AR (2j),, [31;5; 41m,,CH-AR(27),, l}m,240 Fozu'LÈT(l-0x, / I t t5xt 'N:', 14t!3xtA1 ,A9, 'PorNT .A,LREADY DELETED/,AL* ,A3tzlKttlt)
CALL BEEP (BLGTH/ PIlCH)

ELSE IF(NP .EQ. O .AND. N .GT. O)THEN
aÀT,T. T.ÞÞ1r

wRrrE (*,, (1X,À'1/A6)' )CHAR (27),' [19,.1f'
wRrrE (*/ 300) NN

300 FOR.MAT (10X, , | | tSXr rN:, r 14r lsxr rDATA POINT DELETED, ,22X,,1 , ¡
arñ-lr\r-a

ENID IF
RETURN
END

c--------
C TIiIS SUBROUTTNE ASS]GNS VALUES TO THE FUNCTION KEYS 

IC (O*LY FUNCTION KEYS F:-,î2,F3,F4 HAVE BEEN ASSIGNED Ic--------
c

SUBROUTTNE FUNKEY
WRIÎE (x,' (!X, A1 ,Al_3) , ) CHÀR (21 ) ,, t0;59,. "1",. l_3p'
WRITE (*,' (1X,A'1/A'13), )CHAR (Zj),, [0; 60 i,,2,, ;!3p,
WRITE(*,' (1X,A'1/A'13) / )CHAR (27),,t0;6j_; "3";13p,
wRrrE (*, , (1x,41 ,ÀL3) , ) CHAR (27) ,' l0;62;,,4";L3p'
RETURN
END

c

qq



c--------
C THIS SUBROUTINE DISENGAGES VALUES ASSIGNED TO THE FUNCTTON KEYSc (ONLY FtrNcrroN KEYS FL,E2,E3/F4 HÄvE BEEN DTSENGAGEDc--------
c

SUBROUTTNE RI.INKEY
WRITE (*, , (lX,À,1 ,A'11) ' ) CHAR (27¡ ,, t0;59;0,.59p,
WRITE (*,' (!X, A1 /Al-1) , ) CH¡R (2j) ,, t0;60;0,.60p,
WRITE (*,' (1X,41/Al_l_)' ) C¡l¡R (27),, t0; 61 ¡ 0 ; 6tL,
WRf TE (*,, (lX,À1/.A'11) / )CHå,R (2j) ,' lO¡ 62;0;62p,
RETURN
END

loc



/*_______ ________-* //* Program Name: convrt. c * //* Version : 1.00 */
/* File Name : convrt..c */
/* Author : w. Mc.A,dam */
/*_______ _________* //* Purpose: To change the toor path file generated through */
/* the Supersue tool path prog..* to sLrings thãt */
/* can be read by the pC23 ináexer board. */
/x * // x ----------:----- _________x /
#incl-ude <stdio. h>
#incl-ude <math.h)
#include <stdlib.h>
#include <fcntI. h>

#define rnill3ara 25400. 00

main ( )

{
int check,-
unsigned int i, j, k, lp;
unsigned inc. Ipendi, lpendj, lpendk, lpcnti, lpcntj, Ipcntk;FILE *input., *output,.
float rmp [3] ;
float, del j_, dut j, de1k, seg,.
fl-oat strtí, strr.j, strtk. fnshi, fnshj, fnshk;
char namei [81] ;
char nameo [81] ;

lP=5 o;
seg=50 ' 0;
check=1;

printf ( "Enter
gets (namei) ,.

printf ( "Enter
qet.s (nameo) ,.

Fil-e Name For lnput----)");

Fil-e Name For Output---)',);

input=f open (namei, ,'r" ) ;
output=f open (nameo, ',w" ) ,'

fscanf (input,,,Zf Zî ?f", &tmp[0], &tmp[]_1, &tmp l2l) ;

strti=tmp[0];
strtj:tmp [L] ;
strck:tmp[2];

while (feof (input):=0) {
fscanf (input, "Zf Zf åf", &tmp[0],&tmp[1], &tmp l}l) ;

fnshi:tmp [0] ;
fnshj=¡¡1P ¡1i '
fnshk=tmp [2] ;
del_i:f nshi-strti,.
delj:¡t 

"¡j-strtj;delk:f nshk-st rt k,.

lol



if (deli >= 0.0) {
lpcnti=Ip + 0x7F00;
lpendi:0x7F I 0 ;
i=ceil (deli*milt para/seg) 

,.

)
else
{

lpcnti=lp * OxFF00,.
lpendi=0xFF 8 0 ;
i=ceil- (f abs (deli*nd1ll¡ara/seg) ) + Oxg 0 0 0;

)

if (delj >:0.0) {
lpcntj=Ip + 0xFF00;
lPendj=6¡rF8 0;
j=ceit (del j *mil13ara/seg) +0x90 O 0,

]

i
lpcnt j:1p + 0x7F0 0 ,.

lPendi=9¡7FB 0;
j=ceil (fabs (de} j**i1tJ¡ara/seg) ) ;

)
if (de1k >=0.0) i

lpcntk=Ip +0x7F00;
Ipendk:0x7r8 0;
k=ceil- (de1k*mill para/seg) ;
if (check =: 0)

fprint (output, " SD0 0 0 0 0 0 0 0 0 0 0 SD0 0 0 0 0 0 O 0 0 O O

SD00000000000 \n"),.
check:1;

)
el-se
{

lpcntk=lp + 0xFF00,'
lpendk=0xFF B 0 ;

k=ceil (f abs (de1k*mill3ara,/seg) ) +0x8000;
if (check =: 1)

fprintf (output, " SÐ0 0 0 0 0 0 0 0 0 0 0 0 SD0 0 0 0 0 0 0 0 0 0 0 O

SD000000000000 \n"),.
check=0,.

]
fpríntf (output / " sÐ?; o4x%0 4xåo4x sD%0 4x?;o4x?;0 4x sDz 0 4x%04x%04x \n"

, lpcntj-, Ipcnt j, lpcntk, i, ), k,lpend.i, lpencij, lpendk),.

strti:fnshi;
strt j:f nsh j ,'

strtk=fnshk,'

)

f cl-ose (input ) ;
fcl-ose (output),.

l¿)

lo:



/* Version : 1.00 * //* FiIe Name : prep1. c * //* Author : W. McAdam * /

#include <stdio-h)

#define FAIL 0x20
#define MAXTNT 32000
#define SEÀRT M OxTf
#derine INTCLR 0x20
#define RESTART 0x17
#defi-ne POSTTIVE 0x8 0 0 O

#define ÀLDONE 0x7
#define STOP 0x64
#define START 0x40
#define CB 0x60
#define CB1 0x61
#define IDB M 0xl-0
#define IDB-Ox7O
#defi-ne fÐBl- 0x7l-
#define OÐB 0x8
#defi-ne ACK 0xe0
#define BFULL 0x80
#define RETURN Oxd
#define MÀX¡IN 47

inÈ aidress : 0x300,.

marn ( )

i
FI],E *inpui,.
char namei [81] ;
ci'rar t,estst IMAXLIN] ;
Char *setuo, *start, *exit;

setup="1ç2 2Q2 3e2 MSLL11 l_TÐ25 ZIDZ1 3TD25",
Q¡ ¡ r{--trMq q rr .Ltee I

exit:" 1Q0 2e0 3eO " ,.

FILE *input,.

initialize O ;
wrj-testr (setup) ,'

printf ( " \n\n\¡\n', ¡,.
printf ( "--------------PCONTOUR---- \n,,) ,.printf ( " \n\n\n\n,' ),.
PrinLf (,' PROGRAM FoR TESTTNG THE coNToURTNG\n'');printf(" FEATURES OF THE THREE AXIS ROUTER\n,,);print.f (" \n\n\n\n" ) -

printf(" Enter FiIe Name-----)");
gets (namei) ,.

input.:ropen (namei , " r,') ì

I r-?
I i-. -l



printf("\n\n\n"),.
printf(" HIt Any Key To Exit The program ");
while (feof (input) =:0) {

f gets (testst, MÀXLIN, input ) ,.

writestr (testst) ,.

if (Èestst [18 ] ¡ =t 0t I I testst [19] !=r gr I Itestst[20] !:'0,){
writestr (starr) ;

loop: byte:inport,b (address+L ) ;
stoP=¡5¡ia,, -
if (stop !: 0) goto endcon,.
if (byte & 2) goto loop,.
writestr (exit) ,
writestr (setup) ;

)
encicon:

close (ínput) ;
print,f (" Exiting program") ;
writestr (exit) ;

l

/*INTTIATT.ZE* /

initial-ize ( )
{

intí:0;
outportb (address*1, STOp) ;
whil-e (! ( (inporrb(address+l) ) e FAIL) );outportb (address+1¡ START) ;
outportb (address*1, CB) ;
while ( ( (inportb (address*1) & START_M) !=RESTART) && (i++ != }4AXINT) ) ,.if (i >= M.AxINr)

{ print,f (', InvaJ- i d address \n', ) ;
exit O ,. )

outportb (address*1/ INTCLR) ,.

outporib (address*1/ CB) ,.

return,.
]

,/ *wRrrcHÀR* /

writechar (alpha)
char alpha,.
{

while ( ! (Ínportb(add.ress*L) & rÐB M) );
outportb (address, alpha) ,.

outportb (address*1r IDB) ;
while (inportb(address*1) e IDB M);
outportb (address*1, CB) ;
while (! (inportb(address*l) & rÐB M));
return,.

)

lorl



/ *wRltEStn* /
writestr (s)
char *s,.
{

while (*s)
writechar (*s**) ,.

return;
]

/ x xeadchax* /

readchar ( )

{
char alpha=O,.
while (!(inportb(address+1) e OÐB) ),.alpha = inportb (address),.
oucportb (address+l_ / ACK),.
while ( (inportb (address*1) e ODB) ) ,.

outportb (address*1, CB);
return (alpha) ;

]

,/ * readstr*,/

readstr (s)
char *s;
{

while ((*s++ = readchar0) !: 13);
*g = r\O/;
returni

]

initialize o
{

inti=0;
outportb (address+1, STOp) ,.

while ( ! ( (inportb (address+1) ) e FAIL) ) ;outportb (address+1, STARÎ) ;
outportb (address*1, CB) ;
whi.l-e ( ( (inportb (address+l) e START_M) l=RESTART) && (i++ != ì4AXINT) ) ;if (i >= MÂXINT)

i printt ( " Invalid address \n" ) ,.

exit O; )
outportb (address+1/ INTCLR) ,.

out,portb (address*l_, CB) ;
reEurn,.

)

/*WRITCHAR* /

writechar (alpha)
char a1pha,.
{

while ( ! (inportb (add.ress*1) e IDB M) ) ;outportb (address, alpha) ;
outportb (address*1/ fÐB) ,.while (inportb (address+1) & IDB I,f) ,.outportb (address*L, CB) ;

to5



whil-e ( | (inportb (address*l) & IDB M) ) ,.

)

/ *¡¡RtrsstR* /

writestr (s)
char *s,.
{

whil-e (*s)
wrj-t.echar (*s++¡ ;

Fâ¡ r! Fñ .

]

/ * readchar* /

readchar ( )

{

char alpha=C,.
whil-e (!(inportb(ad.cjress+1) e OÐB) );
alpha : inporcb (address) 

,.

outportb (address+1,ACK),.
whÍle ( (inportb (address+1) e ODB) ) ;outportb (address*1, CB);
reLurn (alpha) ;

Ì

/*readstr*/

readstr ( s )

char *s,.
{

whil-e ( (*s++ = reacicharg ) l: 13);' *s = ,\ori
ral.rr¡¡.

)
nz

I Oto .
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3Space Isotrak Accuracy Test.s
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3Space Isotrak Accuracy Tests

Fil-e: gridbl . pc
Origin : -23. 44, -9. 40, 1. 90
Vector Distance from Origin to Source : 25.32,,

----ACTUAI----- ----I,1EASURED--- ___ÐTFFERENCE__ ERROR

DzYIry¿

0.00 0.00
1.00 0.00
2.00 0.00
3.00 0.00
4.00 0.00
5.00 0.00
6.00 0.00
7.00 0.00
8.00 0.00
9.00 0.00

10.00 0.00
11.00 0.00
]-2.00 0.00
13.00 0. 00
14.00 0.00
15.00 0.00
0.00 l_.00
1.00 1.00
2.00 t.00
3.00 1.00
4.00 L.00
5.00 1.00
6.00 l_.00
7.00 1.00
8.00 1.00
9.00 1.00

10.00 l_.00
11.00 l_.00
12.00 1.00
13.00 1.00
14.00 1.00
r_5. 00 1.00
0.00 2.00
1.00 2.00
2.00 2 .00
3.00 2.00
4.00 2.00
5.00 2.00
6.00 2.00
7.00 2.00
8.00 2.00
9.00 2.00

r.0.00 2.00
11.00 2.00
12.00 2.00
13.00 2.00
14.00 2.00
15.00 2-00

0.00 -0.01
0.00 1.04
0.00 2.06
0.00 3.06
0.00 4.05
0.00 5.03
0.00 6.04
0.00 7.03
0.00 8.07
0.00 9.07
0.00 10.11
0. 00 11.11
0. 00 t2.tt
0.00 13.10
0. 00 t4.t2
0.00 t5.!2
0.00 0.0s
0.00 1.05
0.00 2.05
0.00 3.03
0.00 3.99
0.00 4.98
0.00 6.04
0.00 7.02
0.00 8.08
0.00 9.!4
0.00 10.10
0.00 tt.t2
0.00 t2.!2
0. 00 13. L4
0.00 t4.L4
0.00 t_5.11
0.00 0.03
0.00 1.0s
0.00 2.04
0.00 3.04
0.00 4.03
0.00 s.03
0.00 6.03
0.00 7 .04
0.00 8.0?
0.00 9.09
0.00 10.12
0.00 11.1_1
0.00 t2.t2
0.00 l_3.13
0.00 t4.t2
0.00 15.l_3

-0.03 0.00
-0.05 0.04
-0.04 -0.02
-0.07 0.05
-0.06 0.06
-0.02 -0.09
-0.04 0.07
-0. 0s 0.03
-0.09 0.05
-0.06 0.00
-0.04 0.02
-0.04 0.01_
0.00 0.03
0.00 0.02
0.00 0.02
0.00 -0.01
0.9s 0.06
0.92 0.05
0.97 0.07
0.96 0.06
0.99 -0.02
0.96 -0.!2
0.95 0.03
0.95 0.02
0.95 0.02
0.92 0.0s
0.98 0.04
0.98 0.04
0.99 0.03
0.96 0.02
0.98 0.00
0.97 0.01
1.92 0.04
1.96 0.04
1.92 0.02
t.96 0.04
t.97 0.06
L.97 0.04
1.96 0.03
1.96 -0.06
1.96 0.00
r..99 0.06
1.99 0.02
2.00 0.04
2.00 0.02
1.99 0.01_
2.00 0.00
2.02 0.00

-0.01 -0.03
0.04 -0.05
0.06 -0.04
0.06 -0.07
0.0s -0.06
0.03 -0.02
0.04 -0.04
0.03 -0.05
0.07 -0.09
0.07 -0.06
0.11 -0.04
0.11 -0.04
0.11 0.00
0.10 0.00
0.12 0.00
0.t2 0.00
0.0s -0.0s
0.0s -0.08
0.0s -0.03
0.03 -0.04

-0.01 -0.01
-0.02 -0.04
0.04 -0.0s
0.02 -0.05
0.08 -0.05
0. r.4 -0.08
0.1_0 -0.02
0 .r2 -0 .02
0.12 -0.01
0.t_4 -0.04
0.l_4 -0.02
0.11 -0. 03
0.03 -0.08
0.05 -0.04
0.04 -0.08
0.04 -0.04
0. 03 -0.03
0.03 -0.03
0.03 -0.04
0.04 -0.04
0.07 -0.04
0.09 -0.01
0.L2 -0.01
0.r.1_ 0.00
0.L2 0.00
0. r.3 -0.01
0.r2 0.00
0. r_3 0.02

0.00 0.03
0.04 0.08

-0.02 0.07
0.05 0.10
0.06 0.10

-0.09 0.10
0.07 0.09
0.03 0.07
0.05 0.t2
0.00 0.09
0 .02 0 .t2
0. 01 0 .12
0.03 0.11_
0.02 0.10
0 .02 0 .t2

-0.01 0.t2
0.06 0.09
0.05 0. L1
0.07 0.09
0.06 0.08

-0.02 0.02
-0 .t2 0 .13
0.03 0.07
0.02 0.06
0.02 0.10
^ ^tr ^ 

i ãv. vJ v . L I
0.04 0.11
0.04 0.13
0.03 0.t2
0.02 0.15
0.00 0.14
0.01 0. l_t_

0.04 0.09
0.04 0.08
0.02 0.09
0.04 0.07
0.06 0.07
0.04 0.06
0.03 0.06

-0.06 0.08
0.00 0.08
0.06 0.11_
0 .02 0 .L2
0.04 0.12
0.02 0.L2
0.01 0.l_3
0.00 0.12
0.00 0.13

lcÊ



0.00 3.00
r..00 3.00
2.00 3.00
3.00 3.00
4.00 3.00
5.00 3.00
6.00 3.00
7.00 3.00
8.00 3.00
9.00 3.00

r.0.00 3.00
1r_.00 3.00
t2.00 3. 00
13.00 3.00
14.00 3.00
1tr 

^^ 
2 

^^¿J. VV J. UU

0.00 4.00
r_.00 4.00
2.00 4.00
3.00 4.00
4.00 4.00
5.00 4.00
6.00 4.00
7.00 4.00
8.00 4.00
9.00 4.00

r-0.00 4.00
11.00 4.00
12.00 4.00
13.00 4.00
14.00 4.00
15.00 4.00
0.00 5.00
r_.00 5.00
2.00 s.00
3.00 5.00
4.00 5.00
5.00 5.00
6.00 s.00
7.00 5.00
8.00 5.00
9.00 s.00

10.00 5.00
1r_.00 5.00
t2.00 5.00
13.00 5.00
14.00 5.00
r-s.00 5.00
0.00 6.00
r_.00 6.00
2.00 6.00
3.00 6.00
4.00 6.00
5.00 6.00
6.00 6.00
7.00 6.00
8.00 6.00
9.00 6.00

10.00 6.00

0.00 0.04
0.00 1.03
0.00 2.02
0.00 3.02
0.00 3.99
0.00 5.02
0.00 6.02
0.00 7.02
0.00 8. r.r_

0.00 9.08
0.00 10.14
0.00 tt.L2
0.00 t2.tt
0.00 13.06
0.00 14.09
0.00 15.13
0.00 0.06
0.00 1.03
0.00 2.02
0.00 2.99
0.00 4.02
0.00 5.06
0.00 6.0r_
0.00 7.03
0.00 8.08
0.00 9.09
0.00 10. t_1

0.00 11.09
0.00 t2.t3
0.00 13.11
0.00 L4.1,2
0.00 15.11
0.00 0.03
0.00 1.04
0.00 2.00
0.00 3.02
0.00 4.03
0.00 5.00
0.00 6.06
0.00 7.05
0.00 8.06
0.00 9.08
0.00 l_0.08
0.00 11.1_l_
0.00 12.08
0.00 13.07
0.00 r_4.09
0.00 1s. t_L

0.00 0.02
0.00 1_.04
0.00 2.00
0.00 2.99
0.00 4.03
0.00 5.03
0.00 6.02
0.00 7.08
0.00 8.06
0.00 9.07
0.00 r.0.08

2.94 0.00
2.93 0.01
2.96 0.04
2.94 0. 04
2.96 -0.08
2.94 -0.03
2.96 0.06
2.96 -0.10
2.96 0.09
2.97 0.07
2.97 0.07
2.97 0.04
2.98 0. 01
2.97 -0.16
2.96 0.07
2.99 0.00
3.92 0.00
3. 95 0.02
? o? 

^ ^?W. VJ

3. 96 -0.11
? oô ô 

^1W. V¿

3.93 -0. 03
3. 97 0.07
¿n1-nô¿
4.00 0.06
3. 97 0.04
3. 99 0.06
3.99 0.03
3.98 0.03
? oo rl ô?w. vJ

4.0L 0.02
4.01 0.00
4.93 0.00
Ã o) -n rì'l
Aq4 -^^)
4 q? -r1 1E

4.92 0.06
4.97 0.00
¿q?-^^)
4. 95 0.04
4.94 0.06
4.94 0.06
4.99 0.07
5.00 0.04
5.00 0.0s
5.01 0.00
5. 00 -0. 0r_

s.02 -0.03
q ô? -n n?

s.89 -0.03
5. 95 -0.01
5.97 -0. r-1
5.9r- 0.03
5. 9r_ 0.01_
5. 97 0.04
s. 94 0.04
5.92 0.06
5.96 0.08
5.95 0.0s

0.04 -0.06 0.00 0.07
0.03 -0.07 0.01 0.08
0.02 -0.04 0.04 0.06
0.02 -0.06 0.04 0.07

-0.01 -0.04 -0.08 0.09
0.02 -0. 06 -0.03 0.07
0.02 -0.04 0.06 0.07
0.02 -0.04 -0.10 0.11_
0. r.1 -0.04 0.09 0.l_5
0.08 -0.03 0.07 0.11
0.14 -0.03 0.07 0.l_6
0.t2 -0.03 0.04 0.l_3
0.11 -0.02 0.01 0.1_1
0.06 -0.03 -0.16 0.17
0.09 -0. 04 0.07 0.t2
0.13 -0.01 0.00 0.t_3
0.06 -0.08 0.00 0.10
0.03 -0.05 0 .02 0.06
0.02 -0.07 0.03 0.08

-0.01 -0. 04 -0.11 0 .t2
0.02 -0.01 0.01 0.02
0.06 -0. 07 -0.03 0.10
0.01 -0.03 0.07 0.08
0.03 0.01 -0.04 0.05
0.08 0.00 0.06 0.1_0
0.09 -0.03 0.04 0.10
0.11_ -0.01 0.06 0.13
0.09 -0.01 0.03 0. i.0
0.13 -0.02 0.03 0.13
0.11 -0.01_ 0.03 0.1_L
0.12 0.01 0.02 0.!2
0.11 0. 01 0.00 0.11
0.03 -0.07 0.00 0.08
0.04 -0.08 -0.01 0.09
0.00 -0.06 -0.02 0.06
0.02 -0.07 -0.15 0.17
0.03 -0.08 0.06 0.10
0.00 -0.03 0.00 0.03
0.06 -0.07 -0.02 0.09
0.0s -0.0s 0.04 0.08
0.06 -0.06 0.06 0.1_0
0.08 -0.06 0.06 0.t2
0.08 -0.0r. 0.07 0.11
0.Lr- 0.00 0.04 0.!2
0.08 0.00 0.0s 0.09
0.07 0.01_ 0.00 0.07
0.09 0.00 -0.01 0.09
0.1r_ 0.02 -0.03 0.12
0.02 -0.0? -0.03 0.08
0.04 -0.11 -0.03 0 .t2
0.00 -0. 05 -0.01_ 0.0s

-0.0r_ -0. 03 -0.11_ 0.11
0.03 -0.09 0.03 0. t 0

0.03 -0.09 0.01- 0. t_0
0.02 -0.03 0.04 0.0s
0.08 -0.06 0.04 0.11_
0.06 -0.08 0.06 0.12
0.07 -0.04 0.08 0.1_1
0.08 -0.0s 0.0s 0.11

I 
^Ô



11.00 6.00
]-2.00 6. 00
r.3.00 6.00
14.00 6.00
15.00 6.00
0.00 7.00
1.00 7.00
2.00 7.00
3.00 7.00
4.00 7.00
5.00 7.00
6.00 7.00
7.00 7.00
8.00 7.00
9.00 7.00

10.00 7.00
11.00 7.00
12.00 7.00
13.00 7.00
14.00 7.00
15.00 7.00
0.00 8.00
1.00 8.00
2.00 8.00
3.00 8.00
4.00 8.00
s.00 8.00
6.00 8.00
7.00 8.00
8.00 8.00
9.00 8.00

r.0.00 8.00
11.00 8.00
t2.00 8.00
r.3.00 8.00
14.00 8.00
15.00 8.00

0. 00 11. 08
0.00 t2.03
0.00 13.07
0.00 14.08
0. 00 15. i.0
0.00 0.03
0.00 L.03
0.00 2.02
0.00 3.01
0.00 4.0L
0.00 5.01
0.00 6.03
0.00 7.06
0.00 8.08
0.00 9.07
0.00 10.06
0.00 1l_.06
0.00 t2.06
0.00 13.04
0.00 14.08
0.00 15.08
0.00 0.02
0.00 t.02
0.00 t.96
0.00 2.98
0.00 3.99
0.00 5.03
0.00 6.04
0.00 7.08
0.00 8.0s
0.00 9.06
0.00 10.05
0.00 11.05
0.00 12.03
0.00 13.06
0.00 L4.07
0.00 15.03

5. 96 0.04
q, O< -^ 1av.¿,
q otr ^ ^ôw . wL

5.96 0.00
5.97 -0.04
6.92 -0.04
6.94 -0.03
6.94 0.01
6.94 0.05
6.99 0.04
6.98 0.02
6.94 0.02
6.96 0.07
6.93 0.05
6.94 0.03
6.92 0.04
6.97 0.02
6.98 0.08
6.97 0.00
6. 99 -0 .02
6.96 -0.02
7 .92 -0.03
7 .94 -0.05
7 .97 -0.t2
7 .96 -0.r2
7 .94 -0.01
7.92 0.00
7 .94 0.01
7 .9s 0.03
7 .96 0.07
7.97 0.03
7 .99 0.03
7 .98 0.01
8.00 -0.01
8.00 0.00
7 .99 -0.02
8. 03 -0.03

0.08 -0.04 0.04 0.10
0. 03 -0.0s -0.17 0.18
0.07 -0.05 0.02 0.09
0.08 -0.04 0.00 0.09
0.10 -0. 03 -0.04 0.11
0. 03 -0. 08 -0. 04 0.09
0.03 -0. 06 -0.03 0. 0?
0.02 -0.06 0.01_ 0.06
0.01 -0.06 0.05 0.08
0.01 -0.01_ 0.04 0.04
0.01 -0.02 0.02 0.03
0.03 -0.06 0.02 0.07
0.06 -0.04 0.07 0.10
0.08 -0.07 0.05 0.12
0.07 -0.06 0. 03 0.10
0.06 -0.08 0.04 0.l_1
0.06 -0.03 0.02 0.07
0.06 -0.02 0.08 0.10
0.04 -0.03 0.00 0.0s
0.08 -0. 01 -0.02 0.08
0.08 -0.04 -0.02 0.09
0.02 -0.08 -0.03 0.09
0.02 -0.06 -0.05 0.08

-0.04 -0.03 -0.!2 0.13
-0.02 -0.04 -0.t2 0.13
-0.01 -0.06 -0.01 0.06
0.03 -0.08 0.00 0.09
0.04 -0.06 0.01 0.07
0.08 -0.05 0.03 0.10
0.05 -0.04 0.0? 0.09
0.06 -0.03 0.03 0.07
0.05 -0.01_ 0.03 0.06
0.05 -0.02 0.01 0.0s
0.03 0.00 -0.01 0.03
0.06 0.00 0.00 0.06
0.07 -0.01 -0.02 0.07
0.03 0.03 -0.03 0.05

*-Error greater than .25,,

11c



3Space Isotrak Accuracy Tests

File: gridb3.pc
Origin : -23. 44, -9. 40, j_. 9O
Vector Distance from Origin to Source: 25.32,,

----ACTUAL----- ----MEASUR5Ð--- ___DTFFER_ENCE__

YYx

ERROR

D

0.00 0.00
1.00 0.00
2.00 0.00
3.00 0.00
4.00 0.00
5.00 0.00
6.00 0.00
7.00 0.00
8.00 0.00
9.00 0.00

r.0.00 0.00
11.00 0.00
L2.00 0.00
13.00 0.00
r_4.00 0.00
r.s.00 0.00
0.00 1.00
1.00 1_.00
2.00 1.00
3.00 1.00
4.00 1.00
s.00 l_.00
6.00 1.00
7.00 1.00
8.00 1.00
9.00 1.00

r.0.00 1.00
1r..00 1.00
t2.00 1.00
13.00 1.00
r_4.00 1.00
15.00 1.00
0.00 2.00
1.00 2.00
2.00 2.00
3.00 2.0Q
4.00 2.00
5.00 2.00
6.00 2.00
7.00 2.00
8.00 2.00
9.00 2.00

r_0.00 2.00
11.00 2.00
t_2.00 2.00
r_3.00 2-00
14.00 2.00
r_5.00 2.00

0.00 -0.04
0.00 1.01
0.00 2.0t
0.00 3.03
0.00 4.03
0.00 5.01
0.00 6.03
0.00 '7.02
0.00 8.08
0.00 9.0s
0.00 !0.t2
0.00 11.10
0.00 l_2.13
0.00 t3.t2
0.00 14. l_3
0.00 15.13
0.00 -0.04
0.00 l_.00
0.00 2.01
0.00 3.04
0.00 3.97
0.00 4.96
0.00 s.99
0.00 7.01
0.00 8.06
0.00 9. i_1
0.00 t0 .t2
0.00 11. t 1
0.00 :-2.t5
0.00 l_3.15
0.00 !4.t2
0.00 15. t 1
0.00 0.01
0.00 0.99
0.00 2.03
0.00 3.04
0.00 4.03
0.00 5.04
0.00 6.02
0.00 7.07
0.00 B.0s
0.00 9.07
0.00 10.09
0.00 11.08
0.00 12.tt
0.00 l_3.11
0.00 14.11
0.00 t_s. t_2

0. 04 -0.0s -0.04
0.05 0.04 0.0t-
0.04 0.05 0.01
0.03 0.06 0.03
0.02 0.0s 0.03
0.02 -0.08 0.01

-0.03 0.00 0.03
-0.01 0.02 0.02
-0.01 0.02 0.08
-0. 03 -0.01 0.05
-0.04 0.02 0.12
0.04 0.05 0.L0
0.02 0.05 0.13
0.00 0.03 0.!2
0.01 0.01 0.13

-0.04 -0.14 0.13
1.06 -0.02 -0.04
1.03 0.04 0.00
r..03 0.08 0.01_
1.02 0.03 0.04
1.05 -0.06 -0.03
1.03 -0.l_4 -0.04
1.0r_ -0.01_ -0.01
0.99 0.00 0.01_
0.98 0.0t 0.06
1.00 0.05 0.11
1.01 0.04 0.t2
1.00 0.06 0.Ll_
0.98 0.04 0.1s
0.98 0.05 0.1_5
0.98 0.01 0.12
0.99 0.04 0.11
2.04 0.04 0.01
2.03 0.06 -0.01
2.0t 0.0s 0.03
r..99 0.04 0.04
2.0L 0.0s 0.03
1.99 0.06 0.04
2.0t 0.06 0.02
1.98 0.03 0.07
2.00 0.0s 0.05
1.99 0.06 0.07
2.02 0.0s 0.09
2.0s 0.07 0.08
2.02 0.05 0.11
2.02 0.04 0.11
2.0L 0.05 0.11
2.03 0.02 0 .L2

0.04 -0.05 0.08
0.0s 0.04 0.06
0.04 0.05 0.06
0.03 0.06 0.0?
0.02 0.05 0.06
0.02 -0.08 0.08

-0.03 0.00 0.04
-0.0L 0.02 0.03
-0.01_ 0.02 0.08
-0.03 -0.01 0.06
-0.04 0.02 0.13
0.04 0.05 0.12
0.02 0.05 0.14
0.00 0.03 0.t2
0. 0r_ 0.01_ 0.13

-0.04 -0.14 0.20
0.06 -0.02 0.07
0.03 0.04 0.05
0.03 0.08 0.09
0.02 0.03 0.0s
0.0s -0.06 0.08
0.03 -0. L4 0.15
0.01 -0.01 0.02

-0.01 0.00 0.01
-0.02 0.01 0.06
0.00 0.05 0.12
0.01 0.04 0.13
0.00 0.06 0.13

-0.02 0.04 0.1_6
-0.02 0.0s 0.16
-0. 02 0.01 0.12
-0.01 0.04 0.12
0.04 0.04 0.06
0.03 0.06 0.07
0.01 0.05 0.06

-0.01 0.04 0.06
0. 01 0.05 0.06

-0.01 0.06 0.07
0.01_ 0.06 0.06

-0.02 0.03 0.08
0.00 0.0s 0.07

-0.01 0.06 0.09
0.02 0.0s 0.10
0.05 0.07 0.t2
0.02 0.05 0.12
0.02 0.04 0.!2
0.0r. 0.0s 0.t2
0.03 0.02 0.1s

r\ I



0.00
L.00
2-00
3.00
¿, ñA

5.00
6.00
7.00
8.00
o 

^n
10.00
11.00
t2 .00
13.00
14.00
l_5.00
0.00
1_.00
2 .00
3.00
¿, (\^
tr ^^
6.00
7.00
8.00
9.00

10.00
11.00
t2.Q0
13.00
14.00

0.00
L.00
2.00
3.00
¿. 

^^5.00
6.00
7.00
8.00
9.00

10.00
11.00
r.2.00
13.00
1¿ nrl

15.00
0.00
r_.00
2 .00
3.00
4.00
5.00
6.00
7.00
8.00
9.00

r.0.00

3.00 0.00
3.00 0.00
3.00 0.00
3.00 0.00
3.00 0.00
3.00 0.00
3.00 0.00
3.00 0.00
3.00 0.00
3.00 0.00
3.00 0.00
3.00 0.00
3.00 0.00
3.00 0.00
3.00 0.00
3.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
4.00 0.00
5.00 0.00
5.00 0.00
s.00 0.00
5.00 0.00
5.00 0.00
s.00 0.00
5.00 0.00
5.00 0.00
s.00 0.00
5.00 0.00
s.00 0.00
s.c0 0.00
5.00 0.00
s.00 0.00
5.00 0.00
5.00 0.00
6.00 0.00
6.00 0.00
6.00 0.00
6.00 0.00
6.00 0.00
6.00 0.00
6.00 0.00
6.00 0.00
6.00 0.00
6.00 0.00
6.00 0.00

0. 03
I .02
1 00
2 .98
4.00
5. 02
q oa

6.98
8.03
9 .02

10.07
11.09
L2 .09
13.08
t4 .07
15.07

0.01
1.01
1 00

2 .96

5.00
q, ôo

6.98
8.07
o ^"

10.06
'1 1 nO

L¿.lU
13.07
1¿ rìo

15.11
0.03
t .02
2 .00
2.98
^^1¿ oo

b. ul
7.03
8.06
O Aá

10.07
1r..08
!2 .0'7
13 . 1r_
1¿ ôO

15.09
0.04
l_.00
1 00

2 .96
4.01
5.00
5 qq

7.05
8.07
9.0s

10.06

0.03
0 .02

-0.01_
-0 .02
0.00
0 .02

-^ ^ô
-0 .02
0.03
0.02
0.07
0.09
0.09
0.08
0.07
0.07
0.01
0.0r.

-0.01
-0.04
-0.0s

0.00
-0 .02
-0 .02
0.07
0.07
0.06
0.09
0.10
0.07
0.09
ô'r1
0. 03
0 .02
0.00

-0.02
0.01

-0.01
0.01
0.03
0.06
0.06
0.07
0.08
0.07
0.11
0.09
0.09
0.04
0.00

-0.01
-0.04
0.01
0.00

-0.01-
0.05
0.0?
0.0s
0.06

2.99 0.07
2.99 0.09
2.99 0.07
3.02 0.08
3.02 0.07
2.97 0.05
3.00 0.0s
3.00 -0.07
3.00 0.03
3.02 0.07
3.00 0.07
2.98 0.04
3.03 0. 04
3. 01 0.04
3.01 0.03
3. 01 0.01_
? ôt 

^ ^qv. vJ
3.98 0.06
4.01 0.06
4. 01 -0.12
4.05 -0.04
? oô r,\ 

^1J . r J V . V4

4. 01 0. 05
4.03 -0.06
4.01 0.06
4. 01 0. 06
4.02 0.06
4.03 0.05
4.0s 0. 04
4.03 0.00
4.00 0.02
4 .04 -0 .02
s.00 0.0s
5.01 0.03
4.98 0.06
s. 03 -0. 08
5.04 0.11
5.03 0.03
s. 03 -0. 07
5.02 0.10
5.03 0.08
s. 0s 0.07
s.03 0.05
5.06 0.06
5.05 0.04
s.06 0.03
5.07 0.02
5.07 -0.01-
6.02 -0.03
6.00 0.03
6.02 0.08
6. 03 -0.11
6.00 0.02
6.02 0.03
6.02 -0.11
6.04 0.0s
6.01 0.l_0
6.01 0.05
6.04 0.08

-0.0l_ 0.07 0.08
-0.01 0.09 0.09
-0.01 0.07 0.07

0 .02 0.08 0.08
0.02 0.07 0.07

-0.03 0.0s 0.06
0.00 0.0s 0.05
0.00 -0.07 0.07
0.00 0.03 0.04
0.02 0.07 0.08
0.00 0.07 0.10

-0.02 0.04 0.10
0.03 0.04 0.10
0.01_ 0.04 0.09
0.01 0.03 0.08
0.01 0.01 0.0?

-0.03 0.05 0.06
-0.02 0.06 0.06
0.01 0.06 0.06
0.01 -0.12 0.13
0.0s -0.04 0.08

-0.01 0.02 0.02
0.01 0.0s 0.0s
0. 03 -0.06 0.0?
0.01 0.06 0.09
0.01 0.06 0.09
0.02 0.06 0.09
0. 03 0.05 0.11
0.05 0.04 0.t2
0.03 0.00 0.08
0.00 0.02 0.09
0.04 -0.02 0.12
0.00 0.05 0.06
0.01_ 0.03 0.04

-0.02 0.06 0.06
0.03 -0.08 0.09
0.04 0.11 0.i2
0.03 0.03 0.04
0.03 -0.07 0.08
0.02 0.10 0.11
0.03 0.08 0.1_0
0.05 0.07 0.10
0.03 0.0s 0.09
0.06 0.06 0.!2
0.05 0.04 0.09
0.06 0.03 0.1_3
0. 07 0 .02 0.12
0.07 -0.01_ 0.11
0.02 -0. 03 0.0s
0.00 0.03 0.03
0.02 0.08 0.08
0.03 -0.11 0.L2
0.00 0.02 0.02
0.02 0.03 0.04
0.02 -0.l_l_ 0.11
0.04 0.05 0.08
0.01 0.10 0.I2
0.01 0.05 0.07
0.04 0.08 0.11_

,t)



r.r_.00 6.00
L2.00 6. 00
r_3.00 6.00
r_4.00 6.00
15.00 6.00
0.00 7.00
1.00 7.00
2.00 7.00
3.00 7.00
4.00 7.00
5.00 7.00
6.00 7.00
7.00 7.00
8,00 7.00
9.00 7.00

10.00 7.00
r_t-.00 7.00
t2.00 7 . 00
r_3.00 7.00
14.00 7.00
15.00 7.00
0.00 8.00
1.00 8.00
2.00 8.00
3.00 8.00
4.00 8.00
5.00 8.00
6.00 8.00
7.00 8.00
8.00 8.00
9.00 8.00

10.00 8.00
11.00 8.00
t2.00 8.00
13.00 8.00
14.00 8.00
15.00 8.00

0.00 11. 09
0.00 :-2.07
0.00 13.10
0.00 14.08
0.00 15.L0
0.00 0.01
0.00 r.02
0.00 2.01
0.00 3.01
0.00 3.98
0.00 4.99
0.00 6.02
0.00 7.03
0.00 8.07
0.00 9.06
0.00 10.05
0.00 11.08
0.00 t2.0'7
0.00 13.06
0.00 t4.0'7
0. 00 15. 07
0.00 0.00
0.00 L.02
0.00 2.01
0.00 3.00
0.00 4.00
0.00 4.97
0.00 6.03
0.00 7.06
0.00 8.06
0.00 9.07
0.00 10.06
0.00 11.07
0.00 12.04
0.00 13.06
0.00 l_4.09
0.00 15.06

6.01_ 0.0s 0.09
6.02 0.08 0.07
6.00 0.03 0.10
6.00 0.00 0.08
6.02 -0.02 0.1_0
7 .01 0.00 0.01
7 .0L 0.05 0.02
7.01 0.05 0.0L
7. 03 -0. 04 0.01
7 .07 0.02 -0.02
'7 .Q4 0.02 -0.01_7.03 -0.01 0.02
7.08 0.05 0.03
7 .02 0.0s 0.07
7.06 0.09 0.06
7.04 0.04 0.05
7.03 0.04 0.08'7.02 0.05 0.07
7 .04 -0.02 0.06
7 .04 -0.02 0.07
7.0! -0.05 0.07
8.03 0.01_ 0.00
8.07 0.0s 0.02
8.04 0.06 0.01_
8.06 0.08 0.00
8.06 0.07 0.00
8.03 -0.06 -0.03
8.02 0.02 0.03
8.01 0.04 0.06
8.04 0.04 0.06
8.03 0.07 0.0?
8.04 0.05 0.06
8.0s 0.02 0.07
8.03 0.01 0.04
8.0s -0.01 0.06
8.04 -0.02 0.09
8.03 -0.0s 0.06

0. 01 0. 05 0.10
0.02 0.08 0.11
0.00 0.03 0.10
0.00 0.00 0.08
0.02 -0. 02 0.10
0.01 0. 00 0.01
0.01_ 0.0s 0.05
0. 01 0.05 0.0s
0.03 -0. 04 0.05
0.07 0.02 0.08
0.04 0.02 0.0s
0.03 -0. 01 0.04
0.08 0.05 0.10
0.02 0.05 0.09
0.06 0.09 0.t2
0.04 0.04 0.08
0.03 0.04 0.09
0.02 0.05 0.09
0.04 -0.02 0.07
0.04 -0.02 0.08
0.01 -0.0s 0.09
0.03 0.01 0.03
0.07 0.05 0.09
0.04 0.06 0.07
0.06 0.08 0.10
0.06 0.07 0.09
0.03 -0.06 0.07
0.02 0.02 0.04
0. 01 0.04 0.07
0.04 0.04 0.08
0.03 0.07 0.10
0.04 0.0s 0.09
0.0s 0.02 0.09
0.03 0.01 0.05
0.05 -0.01_ 0.08
0.04 -0.02 0.10
0.03 -0.0s 0.08

*-Error greater than .25"

11j



3Space Isotrak Accuracy Tests

File: grid141-.pc
Origin: -23.5, -8.50/ 14.35
Vector Discance from Origin to Source: 2g.91"

----ACTUAIT----- ----MEASURED--- ---ñ18 Ë.trÞr\Tar--

IYIY

ERROR

D

0.00 0.00
1.00 0.00
2.00 0.00
3.00 0.00
4.00 0.00
5.00 0.00
6.00 0.00
7.00 0.00
8.00 0.00
9.00 0.00

r.0.00 0.00
1l_.00 0.00
12.00 0.00
13.00 0.00
r_4.00 0.00
1s.00 0.00
0.00 1.00
1.00 1.00
2.00 1.00
3.00 L.00
4.00 l_.00
5.00 1.00
6.00 1.00
7.00 1.00
8.00 1.00
9.00 1.00

10.00 l_.00
r_r_.00 1.00
t2.00 1.00
r_3.00 1.00
11.00 1.00
15.00 1.00
0.00 2.00
r_.00 2.00
2.00 2.00
3.00 2.00
4.00 2.00
s.00 2.00
6.00 2.00
7.00 2.00
8.00 2.00
9.00 2.00

10.00 2.00
11.00 2.00
72.00 2.00
13.00 2.00
14.00 2.00
r.5.00 2.00

0.00 0.03
0.00 1.01
0.00 2.03
0.00 2.96
0.00 3.9s
0.00 5.07
0.00 6.07
0.00 '7.07
0.00 8.06
0.00 9.05
0.00 t_0.08
0.00 11.10
0. 00 t2.t0
0.00 13.10
0.00 L4.t2
0.00 15.11_
0.00 0.06
0.00 0.94
0.00 2.02
0.00 2.99
0.00 3.97
0.00 s.08
0.00 6.07
0.00 7.01
0.00 8.09
0.00 9.:_l_
0.00 10.1_1
0.00 11.16
0.00 L2.!4
0.00 13.13
0.00 t4.L2
0.00 15.13
0.00 0.05
0.00 0.97
0.00 1_.95
0.00 2.9s
0.00 3.93
0.00 s.06
0.00 6.04
0.00 7.04
0.00 8.08
0.00 9.08
0.00 10.07
0.00 l_t_.11
0.00 t2.09
0.00 13.11
0.00 14.11
0.00 t5.t2

0.00 0.0s
0.02 0.06
0.0r_ 0. l_0

-0. 0s -0.06
-0.04 -0.05
0.00 0.03

-0.02 0.04
-0.02 0.06
-0.01_ 0.02
0.01 0.01
0.00 0.02
0.00 0.03
0.00 0.03
0. 00 0.02
0. 01 0.03
0.01 -0.01
1.07 0.16
1.00 0.01_
1.00 0.11_
0.97 -0.0L
0.98 0.01_
0.99 0.09
1.00 0.08
r.02 0.09
r_.03 0.08
r_.00 0.08
1.02 0.09
r..04 0.11
r_.06 0.10
r..05 0.09
t.02 0.04
r_.08 0.06
2.07 0.1_7
2.00 0.07
1.98 0.00
2.00 0.01
1.99 0.02
2.00 0.11
1.99 0.11
2.0t 0.10
2.02 0.1_1
2.02 0.11-
2.01" 0.09
2.04 0.10
2.04 0.1_0
2.08 0.11
2.09 0.1_0
2.t0 0. 02

0.03 0.00 0.0s 0.06
0.01_ 0.02 0.06 0.06
0.03 0.01 0.10 0.10

-0.04 -0.05 -0.06 0.09
-0.0s -0.04 -0.0s 0. 08
0.07 0.00 0.03 0.08
0.07 -0.02 0.04 0.08
0.07 -0.02 0.06 0. 09
0.06 -0.01 0.02 0.06
0.05 0.01_ 0.0l_ 0.0s
0.08 0.00 0.02 0.08
0.10 0.00 0.03 0.10
0.1_0 0.00 0.03 0.10
0.1_0 0.00 0.02 0.10
0.!2 0.01 0.03 0.t2
0.11 0.01 -0.01 0.11
0.06 0.07 0.16 0.1_8

-0.06 0.00 0.01 0.06
0.02 0.00 0.11 0.11_

-0.01 -0.03 -0.01 0.03
-0.03 -0.02 0.01 0.04
0.08 -0.01 0.09 0.12
0.07 0.00 0.08 0.11
0.07 0.02 0.09 0.12
0.09 0.03 0.08 0.r2
0.11_ 0.00 0.08 0.14
0.11 0.02 0.09 0.14
0. r_6 0.04 0.1t 0.20
0.14 0.06 0.10 0.18
0.13 0.05 0.09 0.17
0.!2 0.02 0.04 0.13
0.13 0.08 0.06 0.1_6
0.05 0.07 0.17 0.19

-0.03 0.00 0.07 0.08
-0.05 -0.02 0.00 0.05
-0.05 0.00 0.01 0.0s
-0.07 -0.01_ 0.02 0.07
0.06 0.00 0.11 0.13
0.04 -0.01 0.11 o.t2
0.04 0.01_ 0.l_0 0.11
0.08 0.02 0.11 0.1_4
0.08 0.02 0.11 0.14
0.07 0.01 0.09 0.11
0. r_1 0.04 0. L0 0. l_5
0.09 0.04 0.10 0.14
0.1_1 0.08 0. l_1 0.17
0.11 0.09 0.10 0.1?
0.r2 0.10 0.02 0.1_6

ll"+



0.00 3.00
r_.00 3.00
2.00 3.00
3.00 3.00
4.00 3.00
s.00 3.00
6.00 3.00
7.00 3.00
8.00 3.00
9.00 3.00

10.00 3.00
r_1_.00 3.00
12.00 3.00
13.00 3.00
14.00 3.00
1s.00 3.00
0.00 4.00
1.00 4.00
2.00 4.00
3.00 4.00
4.00 4.00
s.00 4.00
6.00 4.00
7.00 4.00
8.00 4.00
9.00 4.00

10.00 4.00
11.00 4.00
12.00 4.00
13.00 4.00
r.4.00 4.00
15.00 4.00
0.00 5.00
1.00 5.00
2.00 s.00
3.00 5.00
4.00 5.00
5.00 s.00
6.00 5.00
7.00 s.00
8.00 5.00
9.00 s.00

r.0.00 5.00
11.00 5.00
12.00 5.00
13.00 s.00
r_4.00 5.00
L5.00 5.00
0.00 6.00
1.00 6.00
2.00 6.00
3.00 6.00
4.00 6.00
5.00 6.00
6.00 6.00
7.00 6.00
8.00 6.00
9.00 6.00

r.0.00 6.00

0.00 0.01
0.00 t.02
0.00 t.94
0.00 2.92
0.00 4.02
0.00 5.0s
0.00 6.02
0.00 7.06
0.00 8.07
0.00 9.03
0.00 10.08
0.00 11. t L
0.00 t2.!0
0. 00 t3.t2
0.00 t4.t2
0.00 15.17
0.00 0.06
0.00 0.92
0.00 t_.91-
0.00 2.9t
0.00 4.02
0.00 5.02
0.00 6.06
0.00 7.00
0.00 8.06
0.00 9.03
0.00 10.06
0.00 t_1.08
0. 00 t2.08
0.00 13.06
0.00 74.09
0.00 15.20
0.00 0.05
0.00 0.90
0.00 l_.89
0.00 2.8s
0.00 4.0L
0.00 4.98
0.00 6.01
0.00 7.00
0.00 8.04
0.00 9.00
0.00 10.07
0.00 t_1.06
0.00 12.08
0. 00 13. t_3

0.00 14.09
0.00 15.07
0.00 -0.02
0.00 0.89
0.00 1.89
0.00 2.86
0.00 4.00
0.00 4.98
0.00 5.98
0.00 6.98
0.00 7 .96
0.00 9. 01
0.00 10. 05

3.00 0.09
3.02 0.16
3.01 0.02
3.00 0.02
3. 03 0 .t2
3.00 0.l_4
3.03 0.14
3. 01 0.15
3.01 0.16
3.03 0.!2
3.04 0.16
3. r_0 0.t7
3.03 0.11
3.07 0.14
3.06 0.11
3.09 0.10
3.99 0.17
? oo -^ ^1v. vl

3.97 -0.02
? oo 

^ ^cr. ¿2 v. vJ

4. 00 0.15
4.06 0.17
4.01 0.19
4.02 0.t3
4.04 0.18
4.02 0.15
4.07 0.16
4.07 0 . L5
4.07 0.15
4.10 0.13
4.11- 0.09
4.20 0.12
¿ oo n t1
4.94 -0.02
4.99 0.06
5.00 0.02
5.02 0.18
5.02 0.L'7
5.00 0.1_7
5. 05 0.17
s.03 0. t 9
¡. UJ U.Ib
5.08 0.20
q nc n 10
c 11 ô 1ô
c i2 n 10
5 T¿ n 11
q 1? 

^ ^o6.00 0.16
5.99 0.03
6.00 0.07
6. 00 0.0s
6 .02 0 .20
6.02 0.18
6. 03 0 . l_7
6.03 0.19
6.02 0.16
6.02 0.19
6.04 0.22

0.09 0.09
0. t_6 0.16
0.02 0.06
0.02 0.08
0.t2 0.13
0.14 0. L5
0.14 0.14
0.15 0.16
0.16 0.1_7
0.r2 0.13
0.16 0.18
0 .t'7 0.23
0.11 0.15
0.14 0.20
0.11 0 .17
0.10 0.22
0.17 0.18

-0.01 0.08
-0.02 0.10
0.05 0. L0
0.15 0.15
0.17 0.18
0.19 0.20
0.13 0.13
0. t_8 0.19
0.15 0.15
0.16 0.18
0. t_s 0.18
0.15 C.18
0.13 0.17
0.09 0.l_7
0 .t2 0.31_

^)1^..-0 .02 0 .t2
0.06 0.13
0.02 0.1s
0.18 0.18
0.l_7 0.17
0.t'7 0.17
0.t7 0.18
0.19 0.20
0.16 0.17
0.20 0 .23
0.l_9 0.2!
0.l_9 0.23
0. t_9 0.26
0.11_ 0.20
0.09 0.17
0.r.6 0.16
0.03 0.l_1
0.07 0.13
0.05 0.l_s
0.20 0.20
0.18 0.18
0. r_7 0.1_7
0.r_9 0.19
0.16 0.t7
0.r-9 0.19
ñ aa A aaw . L1 V . LJ

0.01
0 .02

-0.06
-0.08

0 .02
0.0s
0.02
0.06
0.07
0.03
0.08
0 .11
0.10

^ 
1t

0.12
0.17
0.06

-0.08
-n nô

-0.09
0 .02
0 .02
0.06
0.00
0.06
0.03
0.06
0.08
0.08
0.06
0.09
0.20
0. 0s

-^ 
I 

^
-0.1r_
-^ I tr

0.01
-0 .02

0.01-
0.00
n n¿

0.00
0.07
0.06
0.08
n 1?
0.09
0.07

-0 .02
-0.11
-0. r_1

-0.14
0.00

-0.02
-0.02
-0 .02
-0.04
0.01
0.0s

0. 00
0 .02
0.01_
0.00
0.03
0.00
0.03
0.0L
0.01
0.03
0. 04
0.10
0.03
0.07
0.06
0.09

-0.01
-0.01
-0.03

0. 00
0.06
0.0r_
0 .02
0.04
0 .02
0.07
0.07
0.07
0.10
0.1r.
0 .20

-0.01
-0.06
-0. 01
0.00
0 .02
0.02
0.00
0.0s
0.03

0.08
0.05
U.-LI
0.t2
ô 1¿

0.13
0.00

-0.01
0.00
0.00
0.02
0.02
0.03

0.02
0 .02
0. 04

rì5î



11.00 6.00
1,2.00 6.00
r.3.00 6.00
r-4.00 6.00
r_s.00 6.00
0.00 7.00
1.00 7.00
2.00 7.00
3.00 7.00
4.00 7.00
5.00 7.00
6.00 7.00
7.00 7.00
8.00 7.00
9.00 7.00

10.00 7.00
11.00 7.00
12.00 7.00
r_3.00 7.00
14.00 7.00
15.00 7.00
0.00 8.00
1.00 8.00
2.00 8.00
3.00 8.00
4.00 8.00
5.00 8.00
6.00 8.00
7.00 8.00
8.00 8.00
9.00 8.00

r_0.00 8.00
11.00 8.00
12.00 8.00
13.00 8.00
14.00 8.00
1s.00 8.00

0.00 11 .06
0.00 t2.06
0.00 13.l_0
0.00 l_4.09
0.00 15.10
0.00 -0.07
0.00 0.90
0.00 l_.90
0.00 2.87
0.00 4.00
n nn ¿ oo
0.00 6.02
0.00 7.00
0.00 8.01
0.00 9.02
0.00 10.08
0.00 tL.02
0.00 t2.09
0. 00 13.11
0.00 14.10
0.00 15.20
0.00 -0.01
0.00 0.90
0.00 t.87
0.00 3.02
0.00 3.98
0.00 4.98
0.00 s.98
0.00 6.99
0.00 8.00
0.00 9.04
0.00 9.98
0.00 r_1.01_
0.00 12.00
0.00 13.1-3
0.00 1,4.t4
0.00 1s.04

6.06 0.2! 0.06
6.0s 0.20 0.06
6.03 0. t_5 0. t_0

6.0'7 0.14 0.09
6.0s 0.12 0.10
7. 05 0.10 -0. 07
7.00 0.04 -0.10
7.00 0.09 -0.1_0
7 .02 0.09 -0.13
7 .02 0.20 0.00
'7 .06 0.20 -0.01
7.05 0.22 0.02
7.04 0.22 0.00
7.03 0.23 0.01
7 .04 0 .22 0 .02
7.05 0.25 0.08
7.05 0.19 0.02
7.06 0.22 0.09'7.07 0.16 0.11
7.t2 0.15 0.1_0
7.15 0.!i 0.20
8.04 0.2! -0.01_
8.03 0.08 -0.10
8.05 0.08 -0.13
8.00 0.22 0.02
8.01 0.2L -0.02
8.02 0.2t -0.02
8.07 0.20 -0.02
8.04 0.2L -0.01
8.06 0.2! 0.00
8.08 0.24 0.04
8.07 0.2! -0.02
8.07 0.20 0.01
8.09 0.19 0.00
8.09 0.2! 0.13
8.12 0.l_7 0.14
8.11 0.t_0 0.04

0.06 0.2! 0.23
0.0s 0.20 0.2!
0.03 0.L5 0.1_8
0.07 0.L4 0.t8
0.05 0.L2 0.16
0.0s 0.10 0.13
0.00 0.04 0.11
0.00 0.09 0. l_3
0.02 0.09 0.16
0 .02 0 .20 0 .20
0.06 0.20 0.2L
0.0s 0.22 0.23
0. 04 0.22 0.22
0.03 0.23 0.23
0. 04 Q.22 0.22
0. 05 0.25 0.27
0.05 0.1_9 0.20
0. 06 0.22 0.25
0.07 0.16 0.21
0.t2 0.15 0.22
0.15 0.17 0.30
0. 04 0.2! 0.2t
0.03 0.08 0.t3
0.0s 0.08 0.16
0. 00 0.22 0.22
0.01 0.21 0.2t
0 .02 0 .21 0 .2t
0.07 0.20 0.2t
0.04 0.2t 0.2r
0.06 0.2t 0.22
0.08 0.24 0.26
0.07 0 .2t 0.22
0.07 0 .20 0.2t
0.09 0.19 0.2!
0.09 0 .2L 0.26
0.L2 0.17 0.25
0.1r_ 0.10 0.15

*
*

*-E¡:o= g:eater than .25,'
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3Space fsotrak Ãccuracy Tests

File: grid143.pc
Origin z -23. 50, -8 . 50, 14 . 35
Vector Distance from Origin to Source: 2g.g1"

----ACTUAL----- ----I,ÍEASURED--- ---DIFFERENCE__

IYXzY

ERROR

D

0.00 0.00
r..00 0.00
2.00 0.00
3.00 0.00
4.00 0.00
5.00 0.00
6.00 0.00
7.00 0.00
8.00 0.00
9.00 0.00

10.00 0.00
11.00 0.00
t2.00 0.00
r.3.00 0.00
14.00 0.00
15.00 0.00
0.00 1.00
1.00 l_.00
2.00 1.00
3.00 1.00
4.00 l_.00
5.00 1.00
6.00 1.00
7.00 1.00
8.00 1.00
9.00 1.00

10.00 1.00
11.00 1.00
12.00 1.00
13.00 1.00
14.00 1.00
r.5.00 L.00
0.00 2.00
1.00 2.00
2.00 2.00
3.00 2.00
4.00 2.00
5.00 2.00
6.00 2.00
7.00 2.00
8.00 2.00
9.00 2.00

1_0.00 2.00
L1.00 2.00
L2.00 2.00
L3.00 2.00
l_4.00 2.00
r_s.00 2.00

0.00 -0.08
0.00 0.88
0.00 1.88
0.00 2.89
0.00 3.98
0.00 5.00
0.00 5.96
0.00 6.99
0.00 8.03
0.00 9.01
0.00 9.99
0.00 13_.01
0.00 t2.07
0.00 13.04
0.00 t4,04
0.00 1s.08
0.00 -0.08
0.00 0.90
0.00 1.8s
0.00 2.99
0.00 3.99
0.00 4.9'7
0.00 5.99
0.00 6.96
0.00 8.00
0.00 8.95
0.00 t0.02
0.00 10.99
0.00 12.05
0.00 13.02
0. 00 t1.!2
0.00 15.07
0.00 -0.10
0. c0 0.87
0.00 1.86
0.00 2.9'7
0.00 3.98
0.00 4.95
0.00 5.9s
0.00 7.00
0.00 7.98
0.00 9.01
0.00 10.02
0.00 1l_.01
0.00 12.00
0.00 l_3.05
0.00 14.11
0.00 l_s.07

0.01 -0.07 -0.08
-0.01 -0.16 -0.!2
-0.05 -0.14 -0.!2
-n ^? -r1 1< -^ 11v . ¡J v . ¿I

0.00 -0.04 -0.02
-0.01 -0.05 0.00
0.01 -0.06 -0.04
0.02 -0.05 -0.01

-0.03 -0.03 0.03
-0.06 -0.08 0.01
-0.04 -0.07 -0.01-
-0.03 -0.07 0.01
-0.01_ -0.03 0.07
-0.05 -0.07 0.04
-0.03 -0.06 0.04
-0.01 -0.09 0.08
0.96 -0.14 -0.08
0.95 -0.11 -0. t 0
0.9r- -0.13 -0.15
0.97 -0.04 -0.01
0. 94 -0.03 -0.01
0.98 -0.03 -0.03
1.00 0.00 -0.01
0.96 -0.0s -0.04
0.95 -0.01 0.00
0.96 -0. 0s -0.05
1.00 0.01_ 0.02
0.97 -0.03 -0.01_
0.98 -0.01_ 0.0s
0.98 -0.01 0.02
r_ . 05 -0 .02 0 .!2
t .00 -0.07 0.07
1.99 -0.15 -0.10
1. 96 -0.10 -0.13
r_.98 -0.10 -0.14
1. 99 -0.01 -0.03
l_.99 0.02 -0.02
1. 99 0.01 -0.05
r_.98 -0.01 -0.0s
2.0L 0.03 0.00
2.00 0.01 -0 .02
t.97 0.02 0.01_
2.03 0.06 0.02
2. 00 0.01 0.01
2.02 0.00 0.00
2.06 0.04 0.0s
2.09 0.03 0.11
2.0L -0.04 0.07

0.01_ -0.07 0.11
-0.01 -0.16 0.20
-0.05 -0.14 0.19
-0.03 -0.15 0.19
0.00 -0.04 0.04

-0.01_ -0.05 0.05
0.01 -0.06 0.0?
0.02 -0.05 0.05

-0. 03 -0. 03 0.0s
-0.06 -0.08 0.10
-0.04 -0.07 0.08
-0.03 -0.07 0.08
-0.0L -0.03 0.08
-0.05 -0.07 0.09
-0. 03 -0.06 0.08
-0.01 -0.09 0.t2
-0.04 -0.14 0.17
-0.05 -0.11 0.16
-0.09 -0.13 0.22
-0.03 -0.04 0.05
-0. 06 -0.03 0.0?
-0.02 -0.03 0.05
0.00 0.00 0.01

-0.04 -0.0s 0.08
-0. 05 -0. 01 0.05
-0.04 -0.05 0.08
0.00 0.01 0.02

-0.03 -0.03 0.04
-0.02 -0.01 0.0s
-0.02 -0.0i_ 0.03
0.05 -0,02 0.13
0.00 -0.07 0.l_0

-0.01 -0.1_5 0.18
-0.04 -0.10 0. i7
-0.02 -0.10 0.17
-0.01_ -0.01 0.03
-0.0L 0.02 0.03
-0.01 0.01 0.05
-0.02 -0.01 0.0s

0. 01 0.03 0.03
0.00 0. 01 0.02

-0.03 0.02 0.04
0.03 0.06 0.07
0.00 0.01_ 0.0L
0.02 0.00 0.02
0.06 0.04 0.09
0.09 0.03 0.1s
0.01 -0.04 0.08

t!?



0.00 3.00
r..00 3.00
2.00 3.00
3.00 3.00
4.00 3.00
5.00 3.00
6.00 3.00
7.00 3.00
8.00 3.00
9.00 3.00

10.00 3.00
11.00 3.00
t2.00 3.00
13.00 3.00
14.00 3.00
15.00 3.00
0.00 4.00
1.00 4.00
2.00 4.00
3.00 4.00
4.00 4.00
s.00 4.00
6.00 4.00
7.00 4.00
8.00 4.00
9.00 4.00

10.00 4.00
11.00 4.00
72.00 4.00
13.00 4.00
14.00 4.00
1c nn ¿ nn
0.00 5.00
r_.00 5.00
2.00 s.00
? 

^^ 
E 

^^J.VV J.UV
4.00 5.00
5.00 5.00
6.00 s.00
7.00 5.00
8.00 s.00
9.00 5.00

10.00 s.00
1_1.00 5. 00
1-2.00 5.00
1î n^ ( 

^^J. VU

14.00 5.00
15. C0 5.00
0.00 6.00
r_.00 6.00
2.00 6.00
3.00 6.00
4.00 6.00
s.00 6.00
6.00 6.00
7.00 6.00
8.00 6.00
9.00 6.00

r-0.00 6.00

0.00 -0.09
0.00 0.88
0.00 1.85
0.00 3.00
0.00 3.94
0.00 4.97
0.00 5.94
0.00 6.96
0.00 7.96
0.00 8.97
0.00 9.96
0.00 11.01
0.00 12.0t
0.00 13.06
0.00 14.08
0.00 1s.08
0.00 -0.12
0.00 0.8s
0.00 r.9'7
n nn t o¿-

0.00 3.9"7
0.00 4.99
0.00 5.97
0.00 6.94
0.00 7.99
0.00 8.99
0.00 9.97
0.00 11.00
0.00 t2.04
0.00 13.0s
0.00 t1.02
0.00 15.07
0.00 -0.13
0.00 0.84
0.00 l_.98
n nn 2 a^
0.00 3.96
0.00 4.9t
0.00 5. 91
0.00 6.96
0.00 L 0l_
0.00 9.03
0.00 9.9'7
0.00 10.98
0.00 1_2.06
0.c0 13.00
0.00 14.03
0.00 r_s.03
0.00 -0.12
0.00 0. 87
0.00 t.97
0.00 2.94
0.00 3.95
0.00 4.98
0.00 5.9s
0.00 6.92
0.00 7.96
0.00 8.92
0.00 9.99

3.06 -0.11
3.00 *0.06
3.00 -0.07
3.01_ 0.05
3.04 0.04
3.01_ 0.03
3.03 0.05
3.01 0.04
3.02 0.02
2.97 0.04
2.99 0.02
3.01 0.04
3. 04 0.05
3.07 0.04
3.06 0.03
3.0r. 0.00
Ã ôa -n no
4.00 -0.08
3.99 0.0s
4.03 0.04
4.00 0.08
4.04 0.07
4.02 0.08
4.01 0.06
4.03 0.09
4.03 0.11_
4.03 0.06
4.02 0.07
4.08 0.04
4.07 0.05
4.07 0.02
4.0s -0.02
4.98 -0.08
4.98 -0.06¿ oo n no
4.99 0.08
4.97 0.08
4.99 0.06
5.00 0.08
5.04 0.L2
5.05 0.l_5
q n¿ rl lc,
5.00 0.11_
s.04 0.10
s.07 0.08
5.04 0.04
s.05 0.03
5. 03 -0.01
6.00 -0.0s
s.99 -0.03
5.99 0. L0
5.98 0.09
5.99 0.09
ç Oe 

^ 
11J. J9 V. !r

5.97 0.10
5.97 0.08
6.00 0.14
5.9'7 0.11_
þ. UI U. IJ

-0.11 0.l_5
-0.06 0.13
-0.07 0.17
0.05 0.05
0.04 0.08
0.03 0.04
0.05 0.08
0.04 0.06
0.02 0.0s
0.04 0.06
0.02 0.0s
0.04 0.04
0.05 0.06
0.04 0.10
0.03 0.10
0.00 0.08

-0.09 0.16
-0.08 0.1_7
0.0s 0.06
0.04 0.08
0.08 0.09
0.07 0.08
0.08 0.09
0.06 0.09
0.09 0.10
0.11 0. L1
0.06 0.07
0.07 0.07
0.04 0.10
0.05 0.10
0.02 0.08

-0.02 0.09
-0.08 0.15
-0.06 0.1_7
0.09 0.09
0.08 0.10
0.08 0.09
0.06 0.1t
0.08 0.!2
0.t2 0.13
0. r_5 0. l_6
0.15 0.16
0. r.1 0.11
0.10 0.11
0.08 0.t2
0.04 0.06
0.03 0.07

-0.0r_ 0.04
-0.05 0.13
-0.03 0.13

0. r_0 0. t_0

0.09 0.11
0.09 0. L0
0.11 0.L2
0.10 0.L2
0.08 0.t2
0. r_4 0. t 5
0.1_1 0.14
0.13 0.l_3

-^ no

-^ 1)
_^ I tr

0.00
-0.06
-0.03
-0.06
-0.04
-0.04
-0.03
-0.04
0.01
0.01
0.06
0.08
0.08

-0.!2
-0.15
-0.03
-0.06
-0.03
-0 . 0l_

-0.03
-0.06
-0.01
-0,01
-0.03
0.00
0.04
0.0s
0.02
0.07

-0.16
-0 .02
-0.06
-0.04
-0.09
-n ôo

-0.04
0. 01
0.03

-^ ^?
-0 .02
0.06
0.00
0.03

-0.t2
-0.13
-0.03
-0.06
-0.05
-0 .02
-0.0s
-^ n o

-0.04
-0.08
-0.01

0.06
0.00
0.00
0.01
0.04
0.0r.
0.03
0.01
0.02

-0.03
-0 . 0r_

0.0r-
0.04
0.07
0.06
0.0L
0.04
0.00

-0.0r_
0.03
0.00
0.04
0.02
0.01
0.03
0.03
0. 03
0 .02
0.08
0.07
0.07
0.0s

-0.02
-0. 02
-0.01
-0.01

-0.01
0.00
0.04
0.0s
0. 04
0.00
0.04
0.07
0.04
0.0s
0.03
0.00

-0 . 0r.
-0.01
-0 .02
-0.0r.
-0.04
-0.03
-0.03

0.00
-0. 03

0.0r.

lr f,a



r_r..00 6.00
12.00 6.00
13.00 6.00
14.00 6.00
r_5. 00 6. 00
0.00 7.00
1.00 7.00
2.00 7.00
3.00 7.00
4.00 7.00
5.00 7.00
6.00 7.00
7.00 7.00
8.00 7.00
9.00 7.00

10.00 7.00
1r-.00 7.00
12.00 7.00
13.00 7.00
14.00 7.00
1s.00 7.00
0.00 8.00
r..00 8.00
2.00 8.00
3.00 8.00
4.00 8.00
5.00 8.00
6.00 8.00
7.00 8.00
8.00 8.00
9.00 8.00

10.00 8.00
r.1.00 L 00
12.00 8.00
13.00 8.00
L4.00 L 00
15.00 8.00

0.00 10.9s
0. 00 t_2.03
0.00 12.9'7
0.00 13.98
0. 00 14.98
0.00 -0.15
0.00 0.8s
0.00 1.9s
0.00 2.97
0.00 3.96
n nn ¿ oc
0.00 5.92
0.00 6.92
0.00 7.95
0.00 B.90
0.00 9.9'7
0.00 10.96
0.00 11 .98
0.00 t2.99
0.00 13.98
0.00 14.98
0.00 -0.11
0.00 0.86
0.00 1.9s
0.00 2.94
0.00 3.9s
0.00 4.91
0.00 5.90
0.00 6.89
0.00 7.93
0.00 8.92
0.00 9.90
0.00 10.94
0.00 11.93
0.00 13.00
0.00 13. 9s
0.00 !4.9i

q, OO 
^ 

1.
W . LL

6.05 0.10
6. 01 0. 07
6.02 0.01
6.02 0.01
7.00 -0.07
7.00 -0.04
1 

^? 
ô no

o. yë u..LJ
7.04 0.11
7.0t- 0.11
7.02 0.!2
7.04 0.11_
7.01- 0.13
7.00 0.10
7.00 0.14
6.98 0.L2
6.99 0.10
7.02 0.07
7 .06 0.04
7. 05 0.03
8.00 -0.01
7 .99 -0.01
8.01 0.09
8.01 0.t2
8.04 0.!2
t .9v u. JI
8.0r_ 0.11
8. 01 0.11
8.03 0.15
7.98 0.13
8.04 0.13
8. 03 0.13
8.06 0.09
8.04 0.09
8.06 0.06
L 08 0.04

-0.01_ 0.t2 0.1_3
0.05 0.10 0.72
0.01_ 0.07 0.08
0.02 0.01 0.03
0.02 0.01_ 0.03
0.00 -0.07 0.!7
0.00 -0.04 0.16
0.02 0.09 0.10

-0.02 0.13 0.13
0.04 0.11 0.t2
0.01 0.11 0.!2
0.02 0.L2 0.15
0.04 0.l-1 0.14
0.01 0.13 0.14
0.00 0.10 0.14
0.00 0.14 0.1_4

-0.02 0.!2 0.13
-0.01_ 0. L0 0.10
0.02 0.0? 0.07
0.06 0.04 0.07
0.0s 0.03 0.06
0.00 -0.01_ 0.11_

-0.01 -0.01_ 0.14
0.01_ 0.09 0.10
0.01 0.12 0.13
0.04 0.!2 0.14

-0.01 0.11 0.14
0.01 0. t_1 0.15
0.01_ 0.11 0. l_6
0.03 0.15 0.1?

-0. 02 0.l-3 0.15
0.04 0.13 0.17
0.03 0.13 0.]_s
0.06 0.09 0.1_3
0.04 0.09 0.10
0.06 0.06 0.10
0.08 0.04 0.09

-^ ^ 
(

0. 03
-U. UJ

-0 .02
-0.15

-0.0s
-0.03
-0.04
-^ ^ 

c

-0.08
-0.08
-^ ^ 

q

-0.10
-0.03
-0.04
-0 .02

-0 .02
-0.a2
-n 11

-A 1 Á

-n ^ 
q

-0.06
-ar ^ 

tr

-0.09
-0.10
-0.11

-0.08
-0. L0
-0.06

0.00
-rì n tr

-0.0_?

x-:rror g:eate: Lhe:: .25,,

tt q



3Space Isotrak Accuracy Tests

.E rJ-e: gELÕ,¿¿L .pC
Origin : -23.00, -10 .00, 22.00
Vector Dist.ance from Origin to Source: 33.36"

----ACTUAL----- ----MEASURED--- ---nTÉ.rrÐrrr^F-- r,;Kl(U¡(

Li(Y

0.00 0.00
1.00 0.00
2.00 0.00
3.00 0.00
4.00 0.00
5.00 0.00
6.00 0.00
7.00 0.00
8.00 0.00
9.00 0.00

10.00 0.00
1r_.00 0.00
t2.00 0.00
13.00 0.00
14.00 0.00
r_5.00 0. 00
0.00 1.00
r..00 1.00
2.00 1.00
3.00 l_.00
4.00 1.00
5.00 1.00
6.00 l_.00
7.00 1.00
8.00 1.00
9.00 l_.00

10.00 1.00
r.1.00 L.00
12.00 1,.00
13.00 1.00
L4.00 1.00
i.5.00 1.00
0.00 2.00
1.00 2.00
2.00 2.00
3.00 2.00
4.00 2.00
s.00 2.00
6.00 2.00
7.00 2.00
8.00 2.00
9.00 2.00

r.0.00 2.00
1r_.00 2.00
12.00 2.00
13.00 2.00
14.00 2.00
15.00 2.00

0.00 -0.06
0.00 0.99
0.00 2.00
0.00 3.01_
0.00 4.02
n 

^^ 
tr ^trv. vv J. uJ

0.00 6.13
0.00 7.06
0.00 8.03
0.00 9.05
0. 00 10.20
0.00 11.14
0.00 12.24
0.00 !3.23
0. 00 74.22
0.00 15.14
0.00 0.05
0.00 0.93
0.00 2.03
0.00 2.9'7
0.00 3.98
0.00 5.06
0.00 5.98
0.00 6.99
0.00 8.05
0.00 9.1_6
0.00 10.15
0.00 1r_.18
0.00 12.2c
0.00 L3.25
0.00 14.11
0.00 1s.09
0.00 -0.10
0.00 0.93
0.00 1.98
0.00 2.9'7
0.00 4.04
0.00 5.00
0.00 s.99
0.00 7.01
0.00 8.04
0.00 9.16
0.00 10.l_4
0.00 t_1.18
0.00 12.2t
0.00 13.09
0.00 14.11
0.00 15.L2

-0.02 -0.05
-0.13 0.02
-0.14 0.07
-0.t2 0.06
-0.08 0.11_
-0.10 0.11
-0. 03 0.11
-0. 09 0.06
-0.04 0.06
-n n¿. ô n"
0.02 0.1_0

- 0.07 0.09
0. 04 0. L1
0.1r_ 0.11
0.13 0.10
0. 01 0.0L
0.90 0.04
0. 93 0.03
0. 87 0.08
0.86 0.03
0.93 0.08
0.97 0.09
0.92 0.06
0.92 0.05
0.97 0.1_0
0.99 0.08
1.04 0.10
1.06 0.10
1_.11 0.11_
t.72 0.11
0.99 0.00
L.02 -0.01
2.Q4 -0.05
1. 93 0.0s
1.85 0.07
r_.95 0. L0
r_. 93 0.13
1.92 0.03
1. 98 0.08
1.9s 0.07
L.97 0.08
2.05 0.L0
2.04 0.10
2.07 0.10
2.10 0.11
2.0L 0.00
2.03 0.01_
2.06 0 . 00

-0.06 -0.02 -0.05 0.08
-0.01 -0.13 0.02 0.13
0.00 -0.14 0.07 0.16
0.01 -0.72 0.06 0.13
0 .02 -0.08 0.11 0.14
0.05 -0.10 0.1L 0.t6
n 1? -^ ^2 ^w.¿J v.vJ ü.11 0.17
0.06 -0.09 0.06 0.12
0.03 -0.04 0.06 0.08
0.05 -0.04 0.07 0.09
0.20 0.02 0.10 0.22
0.1_4 0.07 0.09 0.18
0.24 0. 04 0.11 0 .2'7
0.23 0.1l- 0.11 0 .28
0.22 0.13 0.1_0 0.27
0.14 0.01 0.01 0,14
0.05 -0.10 0.04 0.t2

-0.07 -0.07 0.03 0.10
0.03 -0.l_3 0.08 0. t 6

-0.03 -0.14 0.03 0.15
-0 .02 -0. 07 0 . 08 0 .11
0.06 -0.03 0.09 0.11

-0.02 -0.08 0.06 0.10*0.01 -0.08 0.0s 0. 09
0.05 -0.03 0.10 0.L2
0. r.6 -0.01_ 0.08 0. l_8
0.1s 0.04 0.1_0 0.18
0.18 0.06 0.1_0 0.2L
0.20 0.11 0.11 0.25
0.25 0.12 0.11 0.30
0.11 -0.01 0.00 0.11_
0.09 0. 02 -0.01 0.09

-0.10 0.04 -0. 05 0.t2
-0. 07 -0. 07 0.05 0.11_
-0 .02 -0.15 0. 0? 0. i7
-0.03 -0. 05 0. t 0 0.1-2
0.04 -0.07 0.13 0.l_5
0. 00 -0.08 0.03 0.09

-0.01 -0.02 0.08 0.08
0.01_ -0.05 0.07 0.09
0.04 -0.03 0.08 0.09
0.1_6 0.05 0.10 0.20
0.14 0.04 0.1_0 0.18
0.18 0.07 0.10 0.22
0 .2t 0.10 0.11 0.26
0.09 0.01_ 0.00 0.09
0.r_1 0.03 0.01 0.11
0.12 0.06 0.00 0.1_3

)k
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0.00 3.00
1.00 3.00
2.00 3.00
3.00 3.00
4.00 3.00
s.00 3.00
6.00 3.00
7.00 3.00
8.00 3.00
9.00 3.00

10.00 3.00
11.00 3.00
t2.00 3.00
13.00 3.00
14.00 3.00
15.00 3.00
0.00 4.00
1.00 4.00
2.00 4.00
3.00 4.00
4.00 4.00
5.00 4.00
6.00 4.00
7.00 4.00
8.00 4.00
9.00 4.00

10.00 4.00
r_r_.00 4.00
12.00 4.00
1-?.00 4.00
14.00 4.00
15.00 4.00
0.0c 5.00
1.00 s.00
2.00 5.00
3.00 5.00
4.00 5.00
s.00 5.00
6.00 s.00
7.00 5.00
8.00 5.00
9.00 5.00

10.00 5.00
r_1.00 5.00
t2.00 s.00
13.00 5.00
1_4.00 s.00
15.00 5.00
0.00 6.00
1.00 6.00
2.00 6.00
3.00 6.00
4.00 6.00
s.00 6.00
6.00 6.00
7.00 6.00
8.00 6.00
9.00 6.00

10.00 6.00

0.00 -0.08
0.00 0.97
0.00 1.9t_
0.00 2.95
0.00 4.02
0.00 5.00
0.00 s.94
0.00 6.91
0.00 8.10
0.00 9.t2
0.00 1 0.13
0.00 11.17
0.00 t2.07
0.00 13.06
0.00 14. r_r.

0.00 1s. LL
0.00 -0.09
0.00 !.02
0.00 1.8s
0.00 2.93
0.00 3.99
0.00 4.98
0.00 6.0s
0.00 7.00
0.00 8.13
0.00 9.11
0.00 t0.2t
0.00 11.04
0.00 t2.07
0.00 L3.02
0.00 14.05
0.00 15.08
0.00 -0.06
0.00 0.92
0.00 1.91
0.00 2.88
0.00 3.9s
0.00 5.0s
0.00 s.98
0.00 6.98
0.00 8.r2
0.00 9.1_3
0.00 t0 .21
0.00 1"r.02
0.00 t2.0t
0.00 13.06
0.00 14.05
0.00 t_s.05
0.00 -0.03
0.00 0.85
0.00 2.00
0.00 2.89
0.00 3.93
0.00 4.9'7
0.00 6.02
0.00 7.03
0.00 8.10
0.00 9.r2
0.00 9.99

2.90 -0.0s
2.88 0.02
2.90 0.02
2.9''t 0.09
2.95 0.06
2.95 0.04
2.93 0.06
2.91 0.03
2.98 0.09
3.01_ 0.09
3.03 0.08
3.07 0.10
2.99 0.00
3. 00 -0.01
3.0s 0.01
3.01 -0.01
4.00 -0.01
? ôo 

^ 
1^J. ¿¿ V. ¿V

3.95 -0.02
3.88 0.05
a o" 

^ ^?w. vJ

3.9'7 0.06
4.03 0.14
4.02 0.10
4.02 0.09
4.02 0.09
4.06 0.r2
4.03 0.00
4. 01 0.00
4.04 -0.01
4.03 -0.02
4.06 -0 . 05
4.92 -0.01
4.93 0.00
4.93 0.02
1.99 0.07
4.96 0.04
5.01 0.10
Ã o1 rì n"
4.97 0.06
5 .02 0 .t2
E 

^tr ^ 
r rJ. UJ U. ¿.!

5. 05 0 .t2
s.00 0.00
4.97 -0.02
5.03 0.00
5. 04 -0.04
5.07 -0.06
5.97 -0.01_
6.11 0.01_
5.96 0.08
6.09 0.06
5.96 0.01
5.95 0. 04
5.95 0.07
5.99 0.04
s.99 0.09
6. 03 0.09
s.97 -0.01

-0.10 -0.05 0.14
-0.12 0.02 0.13
-0.L0 0.02 0.14
-0.03 0.09 0.11
-0.0s 0.06 0.08
-0.0s 0.04 0.06
-0.07 0.06 0.11
-0.09 0.03 0.13
-0.02 0.09 0.!4
0.01 0.09 0.15
0.03 0.08 0.16
0.07 0.10 0.2t

-0.01_ 0.00 0.07
0.00 -0.01_ 0.06
0.05 0.01_ 0.12
0.01 -0.01 0.1_1
0.00 -0.01 0.09

-0.01 0.10 0.10
-0.0s -0.02 0.16
-0.r2 0.05 0.l_5
-0.08 0.03 0.09
-0.03 0.06 0.07
0.03 0.14 0.1s
0.02 0.10 0.10
0.02 0.09 0.16
0.02 0.09 0.14
0.06 0.12 0.2s
0.03 0.00 0.05
0.01 0.00 0.07
0.04 -0.01_ 0.0s
0.03 -0.02 0.06
0.06 -0.05 0.11

-0.08 -0.01 0.l_0
-0. 07 0. 00 0.11_
-0. 07 0.02 0 .!2
-0.01 0.07 0.l_4
-0.04 0.04 0.08
0.01 0.10 0.11

-0.03 0.07 0.08
-0.03 0.06 0.07
0.02 0.!2 0.1?
0.0s 0.11 0.18
0.05 0.t2 0.25
0.00 0.00 0.02

-0.03 -0.02 0.04
0.03 0.00 0.07
0.04 -0.04 0.08
0.07 -0.06 0.10

-0. 03 -0.01 c.04
0.11 0.01_ 0. l_9

-0.04 0.08 0.09
0.09 0.06 0.15

-0.04 0.01_ 0.08
-0. 0s 0.04 0.07
-0.0s 0.07 0.09
-0.0r_ 0.04 0.05
-0.01 0.09 0. L3
0.03 0.09 0.15

-0.03 -0.01_ 0.03

-0.08
-0.03
-0.09
-0.05

0.02
0.00

-0.06
-0.09

0.1_0
0.12
0.13
0.17
0.07
0.06
0.11
0. L1

-0.09
0 .02

-0 .15
-0.07
-0 . 01_

-0.02
0.0s
0.00
0.l_3
0 .11
0.2t
0.04
0.07
0 .02
0.0s
0.08

-0.06
-^ ^ 

o

-0.09
-^ 1 a

-0.0s
0.05

-0.02
-0 .02
0.t2
0.13
0.2r
0.02
0.01
0.06
0.0s
0.05

-0.03
-0 . r_5

0.00
-0.1r.
-0.07
-0.03

0.02
0.03
0. r.0
0.12

-0.01

ll r



11.00 6.00
12.00 6.00
r.3.00 6.00
14.00 6.00
15.00 6.00
0.00 7.00
1.00 7.00
2.00 7.00
3.00 7.00
4.00 7.00
Ê ^^ - ^^J. VV / . UU

6.00 7.00
7.00 7.00
8.00 7.00
9.00 7.00

r.0.00 7.00
r_i.00 7.00
12.00 7.00
r_3.00 7.00
ì¿ ôn ? nn
r_5.00 7.00
0.00 8.00
r..00 8.00
2.00 8.00
3.00 L 00
4.00 8.00
5.00 8.00
6.00 8.00
7.00 8.00
8.00 8.00
9.00 8.00

10.00 8.00
11.00 8.00
L2.00 8.0c
r.3.00 8.00
11.00 8.00
15.00 8.00

0.00 11.03
0.00 12.02
0.00 t2.9t
0.00 14.09
^ ^^ 

I E r rv. uu ri. al
0.00 0.00
0.00 0.92
0.00 1.90
0.00 3.01
n ñn ? oá

0.00 4.94
0.00 6.09
0.00 7 .04
0.00 8.09
Ô nn q 14
0.00 9.96
0.00 11 .03
0.0c 12. c5
0.00 13.33
0.00 t4.02
0.00 1s.04
0.00 0.01
0.00 0.87
ô nô '1 0a

0.00 2.9s
0.00 3.97
0.00 5.00
0.00 5.93
0.00 7.0s
0.00 8.14
0.00 9. r_1

0.00 10.00
0.00 11.00
0.00 t!.9'7
0.00 !2.9'7
0.00 1-?.99
n nn 1¿ o<

5.96 -0.0l_ 0.0s
s.99 -0.02 0.02
5.97 -0.04 -0. 09
5.99 -0.04 0.09
6.02 -0.03 0.11_
6.97 0.01 0.00
6.86 -0.02 -0.08
6.98 0.01_ -0.10
6.99 0.0s 0.01
6.97 0.01_ -0.04
6.96 0.01_ -0.06
7.02 0.10 0.09
7.03 0.04 0.04
7.02 0.08 0.09
7.0s 0.09 0.14
7.0r. -0.01 -0.04
6.98 -0.01 0.03
7 .04 -0.01 0.05
7 .r5 0.01 0.33
7.03 -0.06 0.02
7.05 -0.09 0.04
8.18 0.04 0.01'7.92 -0.08 -C.13
8.02 0.02 -0.08
7 .98 0.00 -0.0s
7.9s 0.00 -0.03
8.02 0.03 0.00
8.00 -0.01 -0.07
8.00 0.01 0.05
8.01 0.08 0.14
8.04 0.05 0.1_1
8.04 -0.04 0.00
8.03 -0.0s 0.00
8. 03 -0.05 -0.03
8.0s -0.1 0 -0.03
8.06 -0.09 -0.01_
8.07 -0.06 -0.0s

-0.04 -0.01_ 0.05
-0.01 -0.02 0.03
-0.03 -0.04 0.10
-0. 01 -0.04 0.10
0.02 -0.03 0.t2

-0.03 0.01 0.03
-0.14 -0.02 0.16
-0.02 0.01 0. L0
-0.01 0.0s 0.05
-0.03 0.01 0.0s
-0. 04 0.01_ 0.07
0.02 0.10 0.14
0.03 0.04 0.06
0.02 0.08 0.12
0.05 0.09 0.1_7
0.01 -0.01 0.04

-0.02 -0.01 0.04
0.04 -0.0l_ 0.06
0.15 0.01 0.36
0.03 -0.06 0.07
0.05 -0.09 0.11
0.18 0.04 0.18

-0.08 -0.08 0.1?
0.02 0.02 0.08

-c.02 0.00 0.0s
-0.05 0.00 0.06
0.02 0.03 0.04
0.00 -0.01 0.0?
0.00 0.01 0.05
0.01 0.08 0.16
0.04 0.0s 0.13
0.04 -0.04 0.06
0.03 -0.0s 0.06
0.03 -0.05 0.07
0.0s -0.10 0.t2
0.06 -0.09 0.l_1
0.07 -0.06 0.10

l'l-



3Space fsotrak Accuracy Tests

File: gríd223.pe
Origin : -23. 00/ -10 .00 t ZZ.OO
Vector Distance from Origin t,o Source: 33.36"

----ACTUA],----- ----MEASURED-__ _--DIFTERENCE_-

YYYYY

ERROR

D

0.00 0.00
1.00 0.00
2,00 0.00
3.00 0.00
4.00 0.00
5.00 0.00
6.00 0.00
7.00 0.00
8.00 0.00
9.00 0.00

r.0.00 0.00
11.00 0.00
12.00 0.00
13.00 0.00
14.00 0.00
15.00 0.00
0.00 1.00
1.00 1.00
2.00 1.00
3.00 1.00
4.00 1.00
5.00 1.00
6.00 1.00
7.00 1.00
8.00 L.00
9.00 1.00

10.00 1.00
11.00 1.00
12.00 1.00
13.00 1.00
14.00 1.00
r_5.00 1.00
0.00 2.00
l_.00 2.00
2.00 2.00
3.00 2.00
4.00 2.00
5.00 2.00
6.00 2.00
7.00 2.00
8.00 2.00
9.00 2.00

L0.00 2.00
1_1.00 2.00
12.00 2.00
13.00 2.00
14.00 2.00
15.00 2.00

0.00 0.04
0.00 0.99
0.00 2.00
0.00 3.06
0.00 4.08
0.00 5.08
0.00 6.10
0.00 7.06
0.00 8.11
0.00 9.23
0.00 !0.2!
0.00 tt.25
^ ^^ 

1a acv ! v v lL . LJ
0.00 13.17
0.00 t4.21
0.00 15.1s
0.00 0.01
0.00 1.05
0.00 2.00
0.00 3.02
0.00 4.05
0.00 5.14
0.00 6.06
0.00 7.06
0.00 8.06
0.00 9 _23
0.00 10.23
0.00 tt.26
0.00 t2.25
0.00 13.13
0. 00 t4.t2
0.00 15.19
0.00 0.04
0.00 1.00
0.00 1.98
0.00 3.00
0.00 4.04
0.00 5.08
0.00 6.07
0.00 6.9'7
0.00 8. l_7
0.00 9.22
0.00 10.15
0.00 lr.22
0.00 t2.08
0.00 13.t1
0.00 t4.t4
0.00 15.18

-0.06 0.01
-0. 04 0.05
0.00 0.06

-0. 0s 0.08
-0.0s 0.10
-0. 01 0.05
0.00 0.08

-0. 01 0.05
0.00 0.1_0
0.04 0.08
0.04 0.08
0.06 0.10
0.!2 0.10
0.01 -0.02
0. 03 0.01
0. 01 -0.01
0.97 -0.01
0.96 0.r2
0.87 0.04
0.91 0.08
0. 94 0.13
l_.03 0.t2
0.9s 0.08
0.98 0.09
0.93 0.06
1_.06 0.12
t.07 0.13
1. l_l_ 0.13
1.07 0.l_0
r_.03 0.00
noa-^^1 w - wL

r_.00 0.00
t.94 0.04
1.98 0.07
r.. 94 0.07
r_.99 0.09
1.96 0.08
t.97 0.08
2.00 0.09
r..96 0.05
2.07 0.10
2.07 0 .t2
2.10 0 . 1_1

2.tt 0 .I2
2.00 -0.01
2.03 0.00
2.08 0.01
2.05 0.00

0. 04 -0.06
-0.01 -0.04
0.00 0.00
0.06 -0.05
0.08 -0.05
0.08 -0.01
0. r_0 0.00
0.06 -0.01
0.14 0.00
0.23 0.04
0.21 0. 04
0.25 0.06
0.25 0.t2
0.17 0.01_
0.2! 0.03
0.r.5 0.01_
0.01 -0.03
0.05 -0.04
0.00 -0. t_3

0.02 -0.09
0.0s -0.06
ñ 1¿. rì n?

0.06 -0.0s
0.06 -0.02
0.06 -0.07
0.23 0.06
0.23 0. 07
0.26 0.11
0.25 0.07
0.13 0.03
0 .t2 *0 .02
0.1_9 0.00
0.04 -0.06
0. 00 -0 .02

-0.02 -0.06
0.00 -0.01_
0.04 -0.04
0.08 -0.03
0.07 0.00

-0.03 -0.04
0.1_7 0.07
0.22 0.07
0. r-5 0.1_0
0.22 0.11_
0.08 0.00
0.11 0.03
0.14 0.08
0.18 0.0s

0.01 0.0?
0.0s 0.06
0.06 0.06
0.08 0.11
0.10 0.14
0.0s 0.09
0.08 0.13
0.0s 0.08
0.10 0.17
0.08 0.25
0.08 0.23
0.10 0.28
0.l_0 0.29

-0 .02 0 .!7
0.01 0.2L

-0.01_ 0.15
-0.01 0.03
0.t2 0.14
0.04 0.14
0.08 0.t2
0. t 3 0. L5

^ 
1) rl 1c

0.08 0.1i
0.09 0.11
0.06 0.11_
0.!2 0.2i
u..i-J u. ¿ t
0. i3 0.31_
0. L0 0.28
0.00 0.13

-0.02 0.L2
0.00 0.19
0.04 0.08
0.0? 0.0?
0.07 0.09
0.09 0.09
0.08 0.10
0.08 Q.r2
0.09 0.11
0.05 0.07
0. r.0 0.2L
0.t2 0.26
0.1r. 0 .2r
0.t2 0 .27

-0.01 0.08
0.00 0.11
0.01 0.16
0.00 0.19

*
*
*

t>?



0.00 3.00
r..00 3.00
2.00 3.00
3.00 3.00
4.00 3.00
s.00 3.00
6.00 3.00
7.00 3.00
8.00 3.00
9.00 3.00

10.00 3.00
11.00 3.00
t2.00 3.00
13.00 3.00
r.4.00 3.00
1s.00 3.00
0.00 4.00
1.00 4.00
2.00 4.00
3.00 4.00
4.00 4.00
5.00 4.00
6.00 4.00
7.00 4.00
8.00 4.00
9.00 4.00

10.00 4.00
1r_.00 4.00
12.00 4.00
13.00 4.00
14.00 4.00
1s.00 4.00
0.00 5.00
1_.00 5.00
2.00 5.00
3.00 5.00
4.00 5.00
5.00 5.00
6.00 5.00
7.00 5.00
8.00 5.00
9.00 s.00

10.00 5.00
1r_.00 5.00
12.00 5.00
r.3.00 s.00
r.4.00 5.00
1_5.00 5.00
0.00 6.00
1.00 6.00
2.00 6. 00
3.00 6.00
4.00 6.00
s.00 6.00
6.00 6.00
7.00 6.00
8.00 6.00
9.00 6.00

10.00 6.00

0.00 0.02
0.00 0.9s
0.00 2.02
0.00 2.93
0.00 4.14
0.00 5.00
0.00 6.03
0.00 6.99
0.00 8.i.6
0.00 9.19
0.00 L0.22
0.00 tt.24
0.00 t2.tt
0.00 13.16
0.00 14.t2
0.00 15.15
0.00 0.01
0.00 l_.01
0.00 2.04
0.00 3.00
0.00 4.03
0.00 s.06
0.00 6.03
0.00 7.10
0.00 8.14
0.00 9.20
0.00 ]-0.2t
0.00 11. t l_

0.00 72.ts
0.00 13.08
0.00 L4.12
0.00 1_5.10
0.00 -0. 0l_
0.00 0.99
0.00 2.00
n nô , oâ

0.00 4.05
0.00 4.98
0.00 6.01
0.00 '7.t5
0.00 8.1_6
0.00 9.18
0.00 L0.21,
0.00 lI.t2
0.00 L2.!3
0.00 t3.t2
0.00 14.12
0.00 15.16
0.00 -0.01
0.00 t-.00
0.00 t.9'7
0.00 3.01_
0.00 4.01_
0.00 5.00
0.00 6.03
0.00 7.1_1
0.00 B.l_3
0.00 9.19
0.00 l_0.23

2.94 0.0s
2.92 0.00
2.98 0.09
2.92 0.07
3.04 0.13
2.98 0.07
2.97 0.08
2.99 0.09
3.06 0.11-
3.09 0.13
3. l_l_ 0.13
3.14 0.t2
3.02 0.00
3.01 0.02
3.07 0.00
3 .02 -0 . 01_

4.01 0.08
4.01 0.08
3.98 0. t-1
3. 93 0.11
3.97 0.07
3.98 0.08-4.02 0.08
4.03 0.08
4.06 0.09
4.12 0 . 14
4.09 0.1_3
4.04 0.03
4.06 0.02
4.06 0.00
4.06 0.00
4.03 -0.03
5.00 0.01
4.98 0.08
5.05 0.11
4.96 0.10
5. 03 0.07
5.02 0.04
s.03 0.09
5.06 0.12
5.08 0.l_3
s. 07 0 .t2
5. r.1 0.13
s. 07 0.05
s.0s a.02
5.09 0.00
5.05 0.00
5. 07 -0.02
6.0s 0.03
5. 99 0.l_0
6.05 0.09
6.01 0.06
5.97 0.07
5.97 0.07
6.06 0.10
6.03 0.t2
6.05 0 .t2
6.10 0.14
6.08 0.13

0.0s 0.08
0.00 0.09
0.09 0.09
0.07 0.13
0.13 0.20
0.07 0.07
0.08 0.09
0.09 0.09
0.11 0.20
0.13 0.25
0.13 0.28
0.L2 0.30
0.00 0.11
0.02 0.16
0.00 0.14

-0. 0t 0.15
0.08 0.08
0.08 0.08
0.11 A .!2
0.11 0.13
0.07 0.08
0.08 0.10
0.08 0.09
0.08 0.13
0.09 0.18
0.14 0.27
0.13 0 .26
0.03 0.t2
0.02 0.16
0.00 0. L0
0.00 0.13

-0.03 0.11
0.01 0.01
0.08 0.08
0.11 0.t2
0. r_0 0.11
0.07 0.09
0.04 0. 05
0.09 0.10
0.t2 0.20
0. L3 0 .22
0.t2 0.23
0. L3 0.27
0.05 0.15
0.02 0.14
0.00 0.l-s
0.00 0. L3

-0.02 0.18
0.03 0.06
0.10 0. L0
0.09 0.11
0.06 0.06
0.07 0.08
0.07 0.08
0.l_0 0.t2
0 .12 0 .17
0.12 0. r_8

0.14 0.26
0. r_3 0.28

0 .02
-0.0s

0 .02
-0.07
0.14
0.00
0.03

-0.01
0.16
0.19
0.22
0.24
0.r_1
0.16
0.t2
0.r-5
0.01
0.01_
0.04
0.00
0.03
0.06
0.03
0.10
0.14
0.20
0.21
0. r.1
0.1s
0.08
0.12
0.10

-0.01-

0.00

0.0s
-0 .02

0.0r_
0.15
0.16
0.18
0.21
0.12
0.13
0.!2
0.1"2
0. r_6

-0.01
0.00

-0.03
0.01
0.0r_
0.00
0.03
0. r"r.
0.13
0.19
0.23

-0.06
-0.08
-0.02
-0.08
0.04

-0.02
-0.03

0.06
0.09
0.1r-
0.14
0 .02
0.01
0. 07
0 .02
0.0r.
0.0r_

-^ ^a
-0.07
-^ ^ 

I

0 .02
0.03
0.06
0.t2
0.09
0.04
0.06
0.06
0.06
0.03
0.00

-0 .02
0.0s

-0.04
0.03
0.02
0.03
0.06
0.08
0.07
0. t-r-
0. 07
0.0s
0.09
0.0s
0.07
0.0s

-0.0r_
0.05
0.01

-0.03
-0.03

0.06
0.03
0.0s
0.10
0.08

*
*

*
*

I <. -r-



1r..00 6.00
12.00 6.00
13.00 6.00
14.00 6.00
15.00 6.00
0.00 7.00
1.00 7.00
2.00 7.00
3.00 7.00
4.00 7.00
5.00 7.00
6.00 7.00
7.00 7.00
8.00 7.00
9.00 7.00

10. c0 7.00
11.00 7.00
12.00 7.00
13.00 7.00
14.00 7.00
1s.0c 7.00
0.00 8.00
r_.00 8.00
2.00 8.00
3.00 8.00
4.00 8.00
s.00 8.00
6.00 8.00
7.0c 8.00
8.0c 8.00
9.00 8.00

r_0.00 8.00
11.00 8.00
L2.00 8.00
13.00 8.00
14.00 E.00
15.00 8.00

0.00 1r_.11_
0.00 72.08
0.00 13.07
0.00 t4.t4
0.00 15.t2
0.00 0.01
0.00 0.98
0.00 1.9s
0.00 3.04
n nn ¿ 1?
0.00 4.97
0.00 6.07
0.00 7.tt
0.00 8.t4
0.00 9.L7
0.00 10.07
0.00 11.08
0.00 !2.07
0.00 13.08
0.00 14.06
0.00 15.08
0.00 -0.02
0.00 1.01
0.00 1.96
0.00 3.1_0
0.00 4.05
0.00 4.96
0.00 6.0'7
0.00 7.\2
0.00 8.13
0.00 9.1_8
0.00 10.05
0.00 r_1.10
0. 00 ]-2.07
0.00 13.11
0.00 14.10
0.00 15.08

6.03 0.04 0.11_
6.03 0.02 0.08
6.0s 0.00 0.0?
5.98 -0.02 0.1_4
6.06 -0.02 0.!2
6.98 0.02 0.01
7. 03 0. 05 -0.02'7.02 0.06 -0.05
7.0s 0.07 0.04
7.06 0.1_3 0.13
7,03 0.05 -0.03
7.00 0.09 0.07
7.05 0.09 0.11_
7.07 0.10 0.1_4
7 .Q6 0.10 0.1"7
7.02 0.03 0.07
7.00 0.01 0.08
7.02 0.00 0.07
7.01 -0. 04 0.08
7.08 -0.05 0.06
7.10 -0. 0s 0.08
8.11 0.02 -0.02
8.00 0.08 0.01
8.01_ 0.09 -0.04
8.06 0.12 0.10
8.02 0.11 0.05
8.02 0.03 -0.04
8.05 0.06 0.07
8.04 0.07 0.t2
8.04 0.10 0.13
8.09 0.11 0.18
8.07 0.01_ 0.05
8.04 0.01 0.L0
8.06 0.00 0.07
8.04 -0.04 0.11_
8.07 -0. 05 0.10
8. L0 -0.07 0.08

0.03 0.04 0 .t2
0.03 0.02 0.09
0.0s 0.00 0.09

-0.02 -0.02 0.14
0.06 -0.02 0.14

-0.02 0.02 0.03
0.03 0.0s 0.06
0.02 0.06 0.08
0.05 0.07 0.09
0. 06 0. l_3 0.1-9
0.03 0.05 0.07
0.00 0.09 0.11
0.0s 0.09 0.l_s
0.07 0.10 0.19
0.06 0.10 0.21
0.02 0.03 0.08
0.00 0.01 0.08
0.02 0.00 0.0?
0.01 -0.04 0.09
0.08 -0.05 0.11
0.10 -0.05 0.14
0.11 0.02 0.11
0.00 0.08 0.08
0.01 0.09 0.10
0.06 0.t2 0.17
0.02 0.11 0.12
0.02 0.03 0.0s
0.05 0.06 0.10
0.04 0.07 0.14
0.04 0.1_0 0.!7
0.09 0.11 0.23
0.07 0.01_ 0.09
0.04 0.01 0.11
0.06 0.00 0.09
0.04 -0.04 0.12
0.07 -0.0s 0.13
0. L0 -0.07 0.1s
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XT. APPENDIX C:

Three Axis Router Specifications

(As buil-t for this research project)
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X Axis Travel-: 48 inches.

Y Axis Travel-: 29 inches"

Z Axis Travel_: l_B inches.

Machine Dimensions: 72 ínches (X) x 4g inches (y) x 90 inches (Z)

Machine Welqht: t-500 lbs.
Power Recuirments : L20 VAC i- phase

Linear Motion components: -THK NSR.25 TBA Bal_l- sri_d.es,. THK BNT
-TIIK BNT 2005À BalI Screws

control-: compumotor pc23 i-ndexer board inscar-red in an ATscyle computer.

Drives: compumotor KS250 Ac Brushress servomotors driven bydigital servo amplifiers.
External- switches: End. of t,raver- rinrit switchesswrtcÌr for each axi s.

and a home

Machine Accuracv*: is a function of lead. scretr error,
motor error and machine alignment.

l-eaC screw error = axial piay + Ieaci error

-axiar pJ_ay: .J_ mm (maximun)
-lead error; +/- .21 nrm/3OO mm

screw length (maximun)

motor error = +/- 18 arc min (.3 d.egrees)

inachine alignment = assumei t.o be mrnimar (has not been
ma: gU¡gd)

X axis error (max) z +/- 0.037 inches

Y axis error (max) : +/- 0.024 inches

Z axis error (max) | +/- 0.017 inches

Values used are from component specifications.

r27



XII . A-PPENDIX D:

Test.ing of Prototype System
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back 121

Fig. D.2 - Truepers Plot "back"

,Irl;l
I

i

rl

I

I

l3o







D.5 - Truepers plot [brear"
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lrsab2l

I'ig. D.8 - Truepers PJ.ot t'Iisab"
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I isar 12

Fig. D.11 - Truepers Plot "lisar"
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l'ig. D.14 Truepers Plot 'frear'f
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