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ABSTRAgT

fhis researctr has focused on data analysis tectrniques for a

large triangular force plate vùrich was designed to acconunodate

multiple-step gait patterns. Based on the vertical force records

alone, two new algoríthms have been developed to identify ttre

time at which a heel strike occurs. À new technique has also been

developed for identifying the occurrence tirne of the toe-off of

the trailing foot.

Às an application of ttre identification of these temporal

events, two algorithrns $¡ere developed to extract, from periods of

dual support, tJle individual force information on eactr limb for a

single, rnultiple-step traverse of ttre force board.
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CHAE{TER 1

IMTRODUqTION

1.1 Gait Studies and Force Boards in Perspective

Hrrnan walking has been studied erctensively by many

investigators from various dísciplines including anatomy,

kinesiology, neurophysiology and biomechanics. Recorded studies

of human gait date back as far as 1682 t6l. Ítre tools available

to such early researctrers r¡ere lirnited, and many subsequent

studies of hr.man locomotion were based on visual obsen¡ations

alone. With ttre invention of photography in 1839, a new research

tool r+a.s made available, and, three decades later, improvements

in tJ-e state of ttre art ¡nade it possÍJc1e to photograph rrfastrr

motion. Pioneering work done by Muybridge tsl around 1883 marked

the beginning of a new era in the study of hr¡rnan gait. By l.872,

researctrers lL,2l had also begun to develop mechanisrns to
measure foot contact, forces. A variety of ingenious force

measuring devices !¡ere subsequently developed.

Às a result of the efforts of their predecessors, modern

researchers of hurnan gait have several accurate and sophisticated

data gathering tools at their disposal. Kinematic data, relating

the subjectrs various limb positions with time, has been recorded

at high rates using ctrarged couple device equipnent (c.c.D.)

i521. The evolution of digital data acE-tisition, storage and

processing equipment, most notably tJle personal computer, allows

for more complex analyses on Ìar.ger data sets. Às díscussed in
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more detail in section 2.2, advancements have been made in ttre

design of force boards, and ttrere has been an íncreasing interest

in their ctinical application. Force board systems are in fact

nov¡ commercially available [57]. UnfortunateJ-y, these force

boards are relatively snaIl, t1pically IStt square, and can only

acco¡mnodate a single foot. fhis creates a tendenry for the

subject to rraimrr or alter his or her otherwise natural gait in
order to hit the force p1ate.

The University of Manitoba force plate is unique by virtue

of its size (see Figure 1) . This larrg'e, trianguJ-ar shape offers

many advantages. Ttre rraimingtr tendency is greatly reduced, and

sÍnce the board can accommodate up to three footfalls for a

normal subject, nult,iple-step gait data can be collected. A

preliminary study on l-egg Perthes braces clearly demonstrated

ttre advantage of the large platfo:m as the sr:bjects showed a
rrbroad compass gaitr [56].
I.2 koblem Statement

As shown in Figure 2, one gait, q¡cIe consists of two basic

phases for each linb. The stance, or support phase, begins with

tl.e heel strike of a given limb, and ends wittt the toe-off of the

sane linb. This toe-off marks tJ:e start of the swing, or non-

support phase, which ends with the following heel strike. For a

relatively short period of time, ttre stance phases for each foot

overlap. During tþis period both li¡nbs are weight-bearing and,

while the net force components of the ground reaction are knotrn,

ttre individual tfunb forces are not.

Àccompanying the many advantages and features of a larger
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force pratforrn, are a set of particurar probrems and design
trade- offs. Arthough it has been shown that gg.7* of the force
sigral pov¡er is below the gth harmonic [r9], it is obvious that
the designer of a force board shourd aim for as high a natural
resonant frequency as ¡rossible, tJ1is being a trade-off with size.
ctraracteristic of rarrge force boards is an greater mass and lower
stmctural rigidity, both of which tend to lower the natural
frequency. clearJ-y an optimizing tectrniEre would be appropriate
here to predict ttre best cornbinations of size, mass, and

rigidity. Ttre first step in suctr a study would be the examination

of the mechanicar properties of the present force board.

Several studies have been made concerning the location and

movement of the center of vertical pressure on the sole of t¡e
foot [10,15rL8,26r3sr4r-43]. ftrese studies are discussed in more

detaíI in section 2.2. ovring either to ri:uitations of ttre
equipment,, or ttre nature of the study, rinited researctr has been

done regarding the progression of t}le center of pressure fron one

foot to ttre ne>É, in t}re warking q¡cre. By virtue of its síze, ttre
university of ldanitoba force board permits such a study. A

graphical, ttrree dimensionar representation of the center of
pressure against tine could well prove to be a useful diagnostic
tool in a clinical setting.

In nany gait related studies, both force data and

cinematographic data is collected, most often in an attempt to
make some Newtonian connection between t]:e forces and kinernatics

of body segrnent position. Tlpically ttre latter information is
obtained by analyzíng, on a frame by frarne basis, the rocation of
targets attached to the anatomical locations defining that
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segment. In nany cases a rrhand digitizingrr technique Ís used to
input the coordinates of ttre body markers to ttre computer. Íhe

expense of ttris equj,pment, the constraints and problerns

associated with the slmchronizing of visual and force

ínformation, and the errors introduced in position identification
are a few of the disadvantages of suctr a system. fn hÍs M.Sc.

thesis, Brodland [54] demonstrated that at least one ternporal

landmark of human gait, that being the instance of an on-board

heel strike as illustrated in Figure 2, could be identified based

on the vertical- force record alone. Whil-e his aJ-gorithm is highly
accurate, it is based on the location of the center of pressure

in one direction on1y, this adding the constraint tJlat ttre

subject, must walk, more or less, in a straight line. ffie time of
toe-off, a nuch more subtle temporal landmark from a force

perspect,ive , was not identified by Brodlandrs algorithn.

A clear application of tt¡e heel strike and toe-off ti:nes is
the identificat,ion of the periods of dual support. During dual

support, the forces generated by a single foot, are lost in the

composite record. Brodland [54] proposed rtreconstmction

proceduresrr for obtaining the force record of any particular foot
pattern (for exarnple a left-right foot sequence). Ihe requirement

of the Brodland algorittrm is that, data from two or more traverses

be combined, this data having been taken at different times.

1.3 Obiectives of ftris Study

The objectives of this study are:

(t) To examine the viJcrational pro¡rerties of the force board with

a view towards opti-rnizing the design of the suspension system-

4



(2) 1o develop a meaningful representation of the dlmarnic

location of the center of vertical pressure for a rnultiple-step

traverse of the force board.

(3) To examine and develop new algorithms to identify the

occurrence times of both heel strikes and toe-offs based on the

vertical force record aIone, these algorithns being independent

of the direction of travel of the subject.

(4) To develop algorithms to extract both left and right
índividual force records from a single, nultiple-step traverse of

the force board.
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CHAE{IER 2

TJTERÀTURE RE\ÆEW

2.1 Introduction

ftre historical developrnent of tlre study of human walking

since the pre-renaissance era has been thoroughry revier.¡ed by

others 1371. Of the numerous gait-related studies that have been

done' many have involved platforms or devices to measure giround-

reaction forces. Detailed and coÌorful historical accounts of tl:e
technological evolution of these devices have been given by Gola

[17] , ûrnninghan [53], Balakrishnan [55] , and ot]rers.

The review of related literature given in this chapter is
not presented in a historical perspective, this havíng been done

by many others, but rattrer in light of its contribut,ion to tl.e

outcome of this research. specificarly, t]lis riterature search

and review lras done wittr the following purposes in mind:

(1) to gain a basíc understanding of the fundamental gait
parameters and the methodology used in studying gait.

(2) to study and compare force board data collection systems

with regards to their construction and perfornance properties.

(3) to gain info¡mation regarding the appropriate selection

of data sampling rate and filter cutoff frequency.

(4) to examine various other methods used in identifying
heel strike and toe-off times.

(5) to become aware of other studÍes relating to center of
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pressure movenent and to see !¡hether or not previous methods had

been developed to extract single linb support information from

composite force records ( none vrere found ).
2.2 Force Boards

While many studies have been done using platforms or devices

to measure ground reaction forces, most have focused on tJle

processing of the data collected, and detailed information

regarding the devices themselves has been difficult to obtain.

Cunningharn [53] describes two such devices; a pyJ.on device

inserted into an artificial lfunb, and a 15tr by 20rr force board

consisting of an alu¡ninum plate supported by tubular aluminum

columns at each of the four corners. I,fith a rosette arrangement

of strain gauges on each of ttre support columns, ttre analog

outputs provided a measure of force in the vertical, medio-

lateral, and posterior-anterior directions as well as ttre torques

about the vertical axes. The natural resonant frequency in the

vertical direction v¡as re¡rcrted to be verlf high (no values

given), with a value of 105 hz. Ín the horizontal direction, and

a rotational frequenq¡ of 140 hz. about, the vertical axes.

Danping in the horizontal direction was added by providing an oí1

filn between the bottom of tj¡e plate and a second rigid
horizontal p1ate.

Ànother force board described in some detail v¡as that of

Gola I s i I7I " He used a srna1l triangular platform with two rrchaj¡r-

linktt supports at eactr corner. With a total of six supports,

the rrsolutionrr of forces v¡as statically deterrninant, meeting with

one of his design constraints. Since the supports were angled

relative to the standard vertical/horízontal coordinate system,

7



a transforrnation matrix was necessary to resolve forces into
ttreir vertical and horizontaÌ components. TLre board was claimed

to have a natural resonant frequency of 190 hz. (direction

unspecified). In telms of sup¡lort geometry, the Gola force board

is most like ttre University of ManÍtoba devÍce whictr was also

designed wittr the constraint of static determinancy. Às is
discussed in more detail in sec.s.I.2, ttris requirement greatly

linits the suspension rigidity.
I,fith the exception of the force board designed by Yamashita

and Katoh [9], all t}te reported force platforms vrere small in
cornparison to the University of Manitoba force plate and t¡ere

intended for measuring the ground reactÍon forces on a single

footfa1l. Ítre force plate developed by Harris [33], for example,

consj-sted of a 72.6 crn. square plate suspended by cantÍlever

transducers at each corner. Conmercially made force platforrns

such as the rrViconil [57] and ttre more conmon rrKistlerrr force

platform have been used by nany researctrers [15r18,2L,36,37J. The

Kistler Elpe 926I platform provides eight analog outputs; three

directions of force, rnoments about tl¡ree axes, and tÏre center of
pressure in two directions with respect to an inertial reference

axes at the boardrs center. À natural frequency of 200 },z. is
reported (direction unspecified).

To overcome the size limitations, some researchers, suctr as

Chao et aI t37l have used more than one force plate. fn this
study they used a custom-made transparent plate with seven quartz

transducers and located a second Kistler T\pe 9281-411 force

platform one stride length from the first. fn terms of size
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aLone, the Yamashita/Katoh t9l force board is most simirar to ttre
university of Manitobars device. rt is a right isosceres triangre
in shape, the hypotenuse being 222 cn.(87,,) in rength compared to
96rr on the University of Manitoba board. Yanashitars board $¡as

desigrned and used for two footfarr gait patterns. unfortunatery,
the device is capable of verticar force measurement only. No

information was gÍven regarding its dlmamic properties.
2.3 Studies Relatinq to Center of kessure

severar studj.es have involved tJle monitoring of the foot-
pressure distribution andr/or the location of the center of verti-
car force using a variety of schemes [9r10rIsrrg ,26r27,32,33,
35'4r'43,48,54). rn a study done by scranton and McMaster [10], a

camera was set up under a plexiglass wallcway covered with liquid
crystal sheets. fhese yielded isobaric contour representations of
the local pressure dístribution on ttre feet of normal and. flat-
footed subjects. rn a study of nrnners by cavanagh [r8], t]re
position of a footfalr l¡as marked by powdered ctrark left, on an

adhesive covered surface. Ttre center of pressure as ind,icated. by

the vertical force distribution, was rocated. rerat,ive to the foot
center line as indicated by the ctrark impressions. Hiroshi t35l
used rrkescalerr a brand-name pressure detecting sheet (visuar) in
his study of foot-sole pressure.

Many of the studies involving center of pressure hrere not on

gaÍt 14I,43r331. For example, in tr.¡o of his studies, Murray

l4l,43l rnonitored ttre location of ttre center of pressure for
subjects in ttre standing, squatting, and sitting positions.

Harris t33l studied the swaying position of the center of
pressure for normal and cerebraL-palsied subjects standing on a

9



platform. Of the remaining studies on gait, most have focused on

the center of pressure for a single f funb I IOr 15, J.B,Z7 ,36,37 ,43,
4Bl. Using three ruodels of the I'inverted pendulumrr ¡nodeI, Siegler

t321 obserr¡ed ttre location of ttre bodyrs center of gravíty in
relation to tJre center of pressure on a single foot.

Of great interest v/as ttre manner in which several

researchers have analyzed and represented center of pressure

related data. Cavanagh I15] discussed several methods of
smoothing the center of pressure prots to reduce the effect of
artifact-related scatter. fn a separate study, Cavanagh and

Lafortune [18] used cornputer grraphics to represent, i¡r a ttrree

dimensional sense, the location of a single vertical force vector
on the sole of the foot. Gnrndy l42l plotted the verticar force

against the location of the center of pressure in ttre sagittal
pJ-ane. In a sonewhat sjmilar manner, Bocardi t48l produced a

vectorial representation of the resultant gror:nd. react,ion force

wittr ttre tail of the vector located at the momentary center of
pressure in the sagittal p1ane. Harris t33l displayed tt¡e x and y

coordj-nates of center of pressure on a density histograrn. Using

computer graphics, a nunber of isometric columns vrere drawn on a

grid with the height of ttre columns representing the time (nunber

of sample points) and the position on the grid corresponding to
ttre center of pressure location.

Of all the literature reviewed, the study done by Yarnashita

l9J, was most simÍIar to this study, not only in terms of the

equipment as mentioned earlier, but also due to the fact that he

analyzed the dlmarnic location of the center of pressure for a

10



two-step gait pattern. The Fourier coefficients were deterznined

for both the posterior-anterior and tÌre medio-Iateral components

of the center of pressure. In spite of a lower accuracy in
locating the center of pressure ( 5t-10t versus O.st on tJ:e

UniversÍty of Manitoba board), the surves generated in his study

compare well with the equivalents from this study. I^thile not

conunented on by Yamashíta, it is also interesting to note that
the rfcorners[ associated wit]r the heel strike and toe-off times

are evj-dent in his plots as shown in Figure 3.
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CÍIATITER 3

DATÀ ACOUISITION SYSTEFÍ AND E)(PER.II,fE}¡TAL SET UP

3.1 Introduction

The intent of this ctrapter is to provide a brief description
of the equipment and software used in the data corlection
process, and to descrjJce some of ttre tests done to determíne the

mechanical properties of the force board. It should be made clear
at this point t.l.at most of the hardware, and some of the software

used, had been developed prior to the authorrs involvement in
this research. A more detailed description of ttre eEriprnent and a

historicar account, of its evorution is given in tlre aut^horrs
rrUserts Guide to the Force pLateÍ t60l .

3.2 System Oven¡iew

The force board system, shown sctreuraticatly in Figure 4,

measures and records the vertical, medio-Iaterar, and posterior-
anterj-or ground reaction forces, and determines when each foot
contacts or is rifted off the force board and approach areas.

Eight channels of data are digitized by ttre .A,rzD board and fed

into ttre computer. I^rith reference to Figure 5, three of these

channels are used to measure vertical force (one transducer at
each corner), two for rnedio-lateral force (one each at corners A

and C), and one for posterior-anterior force (located at corner

À). The remaining two channels were used to determine the times

of contact and removal of the feet from the plate (one channel

T2



per foot). The force board and approactr areas were covered with

light. sheet, metal to whictr was connected a nine volt, battery,

making threse areas rrhotrr relative to the system ground. Metal

ducting tape was attached to ttre sol-e of eactr of the subjectts

feet, and completed the circuit when in contact with the metal

skins. Using this uO/Iu approach, tÌe times of heel strikes and

toe-offs !¡ere measured independently for each foot. The tfunes of
these events, measured in this nanner, vrere the reference

standards which !'rere used to gauge the accuracy of tl¡e

corresponding algorithm- identif ied values.

3.3 Force Board Suspension Svstern

A clever and unique suspension system was developed by Dr.

Balalsishnan to support the plate and to generate force-
proportional analog signals with sensitÍvity in ttrree mutually

perpendicular axes. Five support.ing elements with attactred strain
gauges llere used to support the corners of the p1ate. To

facilitate ex¡llanation, two schematics of the sup¡rcrt system are

shown iJr Fig¡.¡re 5.

With reference to Figure 5(a), each corner of the plate is
suspended from the frame above by a short lengttr of wire rope.

Ttre vertical support, transducer, attached to the bottom of the

wire rope, and to the plate, is sensitive to axial- loading. fhe

prinary advantages of this pendulum-like support is tt¡at these

vertical supports offer rninirnal restraint to horizontal rnovement

and are ttrerefore, only sensitive to the vertical force. Cross-

taIk, or the effect of one transducer on the next, is mininized

by this mectranical arrangement.

Horizontal restraint and force measurement is e>çÌained as
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follows: wittr reference to Figure 5 (b) , horj-zontal support
transducers are located at corners À and c. corner A offers
restraint in botl¡ the medio-lateral (v) and posterior-anterior
(x) directions, while corner c offers restraint in the nedio-
Lateral direction onIy. ftris mechanical arrangrement rninirnizes
cross-talk, both between ttre vertical transducers at corners
À, B' C and tJ1e horizontaL transducers at À, and C and betr¡¡een

t]:e medio-rateral and posLerior-anterior transducers. To

illustrate this, consider a srnall deforrnation ndr as shov¡n in
Figrure 5 (b) . This defonnation produces an axial strain in wire
rope member Ax, and a l-aterar movement in menbers Ay and cy.
using ttre castigriano Ttreorem [59], it can be shown that nearry
all of ttre posterior-anterior roading that produces this
defo¡mation would be taken by member A¡<. The force in Ax produces

a bending of the horizontal support erenent shown in Figure 6.

The arrangement of strain gauges further red,uces crosstalk.
For the horizontar suspension erement shoqm in Figure 6, ttre
strain gauges on op¡rosing faces are grouped in pairs in the
wh¡eatstone bridge circuit. For example, tlre appried force in Ax

shown causes an elongation of face 2 and. a shortening of face 4,
to whictr the circuit is sensitive. To further illustrate this t]re
Kirchoff formuras are given berow (refer to Figure 6):

(I) vac= vat- vcb

sut¡st' vab='rr[#Ç] and vcb= vbd 

F#J

+

a2
R.al

R
2d

yie'lds Q) vu.= v
bd

R¿l
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Tt¡e value of the bracketed te¡m above remains relatively
unchanged when tl¡e strain-induced resistance changes in RÀL and

RA2 are in the same sense, as would occur due to axial loading,

or due to bending about an axis perpendicul-ar to the paired

faces. Both of these are, of course, due to cross-talk.

In a similar fashion, tt¡e strain gauges of the vertical
suspension element shown in Figure 7 are arzanged so as to be

sensitive to axial strain only on tÌ¡e paired faces. Íhis
relationship is verified by the Kirchoff formulas:

(l) v v.-
at)

vac cb

subst vub=vbdF*t] v.b= vbd
R¿t

+RRaz
and

dt

yieìds (2) Vu.= v
bd

3.4 SicrnaI Conditioninq Har.dware

As shou¡n schematically in rigure 4 and in the photogrraph

Figure 8, tìere are tÌ¡ree units j¡ ttre signal conditioning

hardware. Signa1 processing of tìe six force channels consists of

initial arnplification and filtering ( 10 hz. Iowpass ) by the

strain-bridge arnplifiers, further anplification by the

conditioning amplifiers, and finaì- analog to digitaL conversion

by the Techmar À/D board. Thre shoe switctres !¡ere connected

directly to the À,r/D, blpassing ÛIe other two units.

3.5 Softvrare

Four main programs, linked together in tþe nanner shown in

Fft] FH
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Fignrre 9, were used to collect and process data. Listings of all
prograns are given in Àppendix 1. Ttre data acquisition program

rrcÀTTïUvfrr, written in Àssembler language, read ttre eight channels

from the ÀrzD at a user selected rate of up to 1000 hz. This data

v¡as stored init,ially in RÀM, and following the completion of a

rrran¡1rr or six traverses of the force board, the data was written

to a floppy disk. Ti:ne skewing, or the elapsed tjme between the

reading of successive channels, was very Iow. Provision was made

in rrcÀTÍïì¡.,lrr to read the outputs of each channel with no load

applied to the force board. Ttris allowed for subsequent

corrections for the D.C. float. The triggering of TTGAITRMT| was

based on ttre physical loading of the board. ïtre digital sun of

tJle three vertical force channels represented ttre start and stop

triggers. À start was initiated when, for five consecutive data

points, the change in ttris digital sum $ras positive and greater

tJlan a threshold value. Using this edge approactr versus a voltage

Ievel approactr, the problem of a false start, due to D.C. float
was elfuninated. The relatively gradual unloading of the plate

made it difficult to use ttris edge approacÏr to stop the progratn

from reading data. Instead, a voltage level approach was used and

a stop was indicated when 15 consecutive readings were taken

which were lower tl¡an a threshold IeveI, this level having been

adjusted for the D.C float.
The intent of the calibration progna¡n v¡as to relate the

digitized voltage levels to the corresponding forces that

prod.uced them. Following a calibration procedure described in

more detail in the Userrs Guide [60], t]re calibration factors for

all transducers were determined and stored on a floppy disk.
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The data analyses prograns read in the raw gait data from

the data disk, corrected for D.C. offset, and applied the

calibration factors r.¡hich vtere al,so read in from the floppy disk,

to give true force data. Using tnre force data, ttre centers of
pressure and various other trErameters !¡ere calculated as further

e:çlained in Chapter 4.

Preparatory to the actual data run, a resolution test vJas

done using ttre prograrn I'RESOL\IE|| to ensure that all of the

vertical ctrannels vrere reading correctly as gauged by the

accuracy in detenníning the center of pressure.

3.6 Force Board Performance

3. 6. 1 Vibrational Properties

For the purposes of studying its vibrational properties, the

force board can be nodeled as shown in figure 10. Applying this
model to each direct,ion of sup¡rcrt,, the effective overall spring

constant at a given corner is considered to result fro¡o the

series co¡rbinat,ion of the constants of a number of stiffer
springs connected in series. The component springs represent a

part,icular subassenbly of the overall support stucture, and its
effect on ttre rigidity of the support, can be deter¡nined by

removing it fron the systern. Since the force(s) generated at tlte

subjectrs foot or feet is variable in magnitude, direction, and

in point(s) of application, the governing differential equations

describing the oscillatory motion of ttre force board system is

complex and beyond the scope of ttris research. CIearIy the

resonant natural frequencies in the vertical, medío-Iatera1,

posterÍor-anterior, and rotatíonal senses are variable and
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dependent on the foot-floor reaction force and its location. Ttris

notwithstanding, a series of vibration tests were performed on

the force board witJ: two specific objectives in mind:

(1) For the purposes of data collection, to establish the

base leve1 resonant frequencies. Ttris would allow for an

appropriate serection of the cut-off frequency for ttre Iow-pass

filter and predict viJcrational related artifacts.
(2) To determine where in ttre stmcture design improvements

were warranted, specifically to identify those areas r^¡here an

Íncrease in rigidity would be most cost effective.
1Ì¡ro series of tests $¡ere perfomed on different dates. In

boül cases the viJcrations were induced by striking the board

lightly at its center point, v¡ith a closed fist. Ítre vibrations
hrere monitored iJr two ways; using a hand held ilDaveyr vijcrometer

(strip recorder), and digitally usíng the data acquisition
program to read the output, of ttre strain gauges at 500 hz. Since

the two metl¡ods lrere in good agreement,, the results listed in
Table I are an average of ttre two.

In the first series of tests, tTre force board lras left
unloaded. The vertical resonant frequenq¡ was measured at 30 hz.

for the no¡mally suspended force board. In test 1(b), the wire

rope connection was released and each of the corners v¡ere rested

on the tubular crossbars as shown in F.igrrre 11. Supported in this
manner, the vertical resonant frequency increased to 38 hz. To

examine the stiffness of the board itself, (i.e. independent of

its supports), ttre ttrree corners were rigidly supported from the

floor using concrete blocks (test 1(c) ). fn this case the

vertical resonant frequency hras measured at 65 hz.
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For ttre second series of tests, a 100 pound weight

placed at the center of the normally suspended force board.

results of these tests are given in Table L.

3.6.2 Resolution of Center of Fressure Tests

VJAS

The

Tests s¡ere done on a regular basis to determine tTre

resolutíon and accuracy wittr whictr the location of the center of
pressure could be predicted. These tests hrere of particular

concern since this pararneter vlas used extensively in data

analysis software.

Three marks qrere made at random Locations on the force

board, and their measured coordinates determíned. Using a sharp

object ( a center punch), hand pressure hras applied at one

Iocation and then transferred to ttre second and third locations.

Using ttre progran TTRItSOL\iErr, the location of ttre computer

predicted center of pressure hras compared to tt¡e actual measured

location. The results of a tlpical resolution test are shown in
Figure 12 and Table 2.
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CHAPTER 4

THEORY ÀND DE\¡EI-OPI\[ENT OF AI.CO.RTTH},ÍS

4.r fntroduction

The purpose of this ctrapter is to descrj-be the e:rçerirnental
approach used, and its underlying philosophy, the theory and the
history of evolution of the five algorithms that v/ere d.eveloped.

A mention of the history of this developmentar process is made

since it very muctt affected ttre ultimate direction and outcome of
this study.

From the beginning of this research, ttre prÍrnary objective
had always been to develop two algorithrns to e>ctract single limb
force information from a composite record, specifically that
record being any single, nurtípre-step traverse of the force
board. Both of the o<trastion algorithns envisioned (described in
more detail in section 4.6) required the tjmes of heer strikes
and toe-offs. Ttre first stage of argorithm development was seen

as identifying these temporal events.

Brief consideratÍon was given to using an ultrasonic
proximity sensor or some t1æe of laser/mirror equiprnent to detect
all foot, contact transitions. However, in keeping with an

intention to linit the cost and comprexity of the system, these
ideas r¡¡ere guickry abandoned. I,rith reference to Figure 2,

Brodland i54l had already demonstrated ttrat both rron-board.r and
rroff-board' heel strikes could be identified, the former using
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his center of pressure based algorithm, and tÏ¡e latter by contact

sensitive areas. ft was decided to develop an algorithn along ttre

same line. In retrospect, what was seen at the time as a sma1l

first stage of development, was a gross underestimation of tt¡e

task ahead.

Confident tÌ¡at the Brodland algorithm could be successfully

developed, it was decided ttrat ottrer parameters would be e>çIored

in the hope of identifying new indicators of heel strike times.

Some promising such indicators obsetr¡ed early in tlris process of

development led author on a tangent, albeit a successful one,

avray fro¡n ttre original objective.

I{hile a method of identifying heel strikes had been decided

upon, a method of determining toe-off tj:nes was still needed. A

review of Brodlandts ap¡nratus showed promise. He had used

rrforce-sensitiverr areas to identify tJ:e rtoff-boardrr heel strikes.

ffr.ese consisted of spring-Ioaded, hinged boards placed on either

side of ttre force p1ate" Íhe movement of these boards v.tEÌs

detected using sensitive mÍcro-switctres" It was decided that a

sirnilar arrangement, could indicate toe-offs in addition to tJ:e

heel strikes. These honrever, would be ltoff-boardrr toe-offs. Íhe

rron-boardrr toe-offs would be found by assuming a ternporal

repetition of the gait cycle. For example, assuming that the time

from a right heel strike to a left toe-off would be the same one

complete cycle later, then ttte rron-boardrr toe-off time could be

determined by adding tJre period of dor:ble support to the time of

the heel strike. With reference to FigUre 2, the following

eguations apply:

T(to) = T(hs) + dor:b1e support period
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where T(to): tine of toe-off, T(hs)=time of heel strike
4.2 Base Data Collection

The first, set of data collected sen¡ed several funportant

functions. It provided a data base upon which all of the

algorithms v¡ere developed, as well as establishing the ttrreshold

values for each. fn addition, it led to improvements in ttre

hardware, protocol and software related to data acquisition.

Using eight normal subjects, described in table 3, gait data

h¡as collected over a period of several days. keparatory to a

data run, metal ducting tape was placed on the sole of each foot
and electrical connection made as described in section 3.2, and

as shown in Figure I. For eactr rrrl¡r1rr or a set of six traverses of
ttre force plate, the subjects were instmcted to walk normally

and not to rraimrr, or othen¡ise alter his or her gait, in order to
hit the force plate squarely. For each traverse the foot-fall
pattern was monitored and recorded (e.9. the code tRL indicates a

left-right-1eft, sequence of steps). fn the event ttrat, a foot

landed both on the force plate and the wallatay, ttre data for that
traverse was flagged and later discarded. For eactr lan¡1, tv¡o

traverses each of single step, two step, and three step seçßrences

were taken. Ttre various gait patterns lrere actrieved by having tfre

subject walk aJ-ong an unmarked rtlanerr. For example, to obtain a

single step traverse, the subject would wal-k close to the apex of

ttre triangle, and towards the niddle of the board for a two step

pattern.

Data was collected at 60 hz. sampling rate using an earl-ier

version of TTGAITRM'| than the one described in section 3 .5. This
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earrier version used a vortage rever versus the edge approactr to
trigger the start and stop of data reading. This manner of
triggering did not compensate for the D.c. ftoat and caused a

good deal of grief before it was finally corrected.

Near the end of this phase of data collection it hras

obserr¡ed that ttre ducting tape had been breaking at about ttre

mid-sole location. Tkre funptication of ttris was that, although ttre

shoe-identified heer strikes were acsurate, the toe-off times

were not valid (a toe-off ti:ne was in fact a ilheel-offil t.Íme) .

This did not represent a probtem at the ti:ne since the method of
finding toe-off tj-mes, as discussed earlier, had already been

decided upon. When an alternate toe-off algoritlun vras later
developed, it, did nean however ttrat this data hras unusuable for
this purpose.

4.3 Ed of Data

As discrrssed in sestion 3.5, the edit,ing of data consisted

of ttre conversion of raw data (vottage values) into meaningful

force data. As illustrated in Figrure 9, this was done by reading

in the raw data, colrecting for D.C. offset, and then reading in
and applying ttre calibration factors. Àt the tirne of collection
of this data, this was done using the progrra¡n TTEDITTIìOSS|| (listed
in .A,ppendix 2) . The edited data (force) was stored on a disk for
subsequent analysis.

4.4 Data Analysis and Display Proqra¡ns

4.4.L Introduction

rn order to find new indicators of heel strj-ke times, it was

necessary to derÍve several parameters, and to display them in
such a way that any relationship between a given parameter and

23



the ti:ne of heel contact would be apparent. Àfter the data had

been edited using TTEDITROSSTT, the force data was read in by the

analysis program and several parameters reLated to the center of
pressure !¡ere determined, these being: t}te x and y locations of
tÌ¡e center of pressure (CPX,CPY respectively), tt¡e velocities of
the center of pressure in bot¡ directions (VCPX,VCPY), the

resultant velocity of the center of pressure (RVCP) and the

corresponding angle of this resul-ta¡t velocity (VÀ). I^¡ith

reference to Figure 5(a), the equations for determining the first
two of tf¡ese are given below, whil-e further ex¡llanation of the

others is rese:rred for later sections.

(t) cpx=Ki-!

(z) cPY = Efr. ¡ B.(Ltzl
A+B+C

À prÍntout of selested data allowed for the identification
of heel strike tÍ-nes based on the shoe-switch i¡fo¡:mation, ttrese

being later superimposed on aIÌ plots as descril¡ed in tl¡e

following sections" Itre printouts !¡ere also used to establish the

threshoÌd values of parameters used by the heel strike
algorithms.

4.4-2 Plottinq Procrra¡n

The intention of this progran was to g,raphically display all
of the parameters discussed in section 4.4.1 with the provision

for a superpositioning of the heel-strike times given by the

shoe-switches. ltre prog.ram rrPf0TlRl{rr displayed a main menu from

which 3 tlpes of pì-ots couLd be selected:
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(1) A plot of all three forces; vertical, medio-Iateral, and

posterior-anterior (see Figure 13)

(2) A plot of all center of pressure-related parameters and

tJ:e vert,ical force (see Figure 14)

(3) À pJ-ot of ttre dlmanic location (x and y coordinates) of
the center of pressure (see Fignrre 15)

The plot of the center of pressure related parameters

confirmed Brodlandrs findings and aLso led to the development of

the other algorithns disqussed in tl¡e following section, and to
the development of tlre toe-off algorithn at a later point as

explained in section 5.4 . Íhe third plot called rrPECKrr , a sample

of which is shown in Figiure 15, v/as an attenpt to relate ttrree

parameters (x and y coordinates of center of pressure, and tfune).

One peck mark was made at the coordinates of each center of
pressure against an outline of the force board. ltre temporal

ínfluence is revealed by the density of the cluster of dots.

4.5 Heel Strike fdentification Àlgorithns

4.5.1

Since muctr of ttris research has depended on ttre pioneering

work of Brodland [54], it is appropriate at this point to review

ttre theory and basis of his heel strike algorithn.

For normal locomotion, there is a continuous net forv¡ard

displacement of the center of vertical force. Ttre rate of this
is not uniform with time throughout the gait ryc1e. In the

periods of single linb support, the center of pressure must

obviously be within tÌ¡e confines of the foot contact area, or as

shown in Figure 16, between the lirnits M and N in ttre sagittal
plane. During this time the other, unloaded limb is being svrung
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for:v¡ard from a lagging to a J-eading position relative to ttre

loaded foot, and when the heel of this sr.rung limb first contacts

the giround, a rapid fonrard progression of the center of pressure

is initiated. fhe onset of tJ:is rapid progression (i.e. its
velocity) in the direction of locomotion causes a rrcornerrr in tåe

CPX vs. time plot as evident in Figure 14, and identifies ttre heel-

strike ti¡re using tJ:e Brodland algoritlun.

Before leavÍng dissussion of tJ:is a1-gorittrm, there are a few

shortcomings that must be pointed out. The algorithm assumes that

the stride distance is large in relation to the foot length, and

igTnores, for the most paÉ, localized movements of tt¡e center of

pressure on eact¡ foot. For example, in ttre case of an

rroverlapping rr short stride, shown schematically in Figure 17 (a) ,

tJle secondary heel strike would not produce a significant
increase in tÌre forr¡ard progression of the center of pressure. In

the extreme case it may in fact cause a temporary bacls^tards

movement, of tJre same. Itris lirnitation renders ttre algorittun

unsuitable for analyzing a short shuffling type of gait which is
often characteristic of tt¡e elderly.

A second problem wittr Ltre algoritlun is that it assumes that

the rnajority of lirnb motion occurs in tÌ¡e sagittal pIane. Wtrite

Brodland had calculated the medio-lateraI position of the center

of pressure, it was not incorporated in his algorithrn. To

illustrate the significance of this poÍnt, consider tJ:e gait

pattern shown from above in Figure 17(b). While tlre heel strike

of step 2 may be easily identified, the tirne of the cane-strike

cannot be id.entified using the Brodtand algorittun.
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4.5.2 Àl-c¡ori thnL (Resultant Vel-ocity of the Center of Pressure)

In response to the shortcornings listed jn ttre previous

seqtions, it was decided to somehow develop a ¡nethod of
identifying heel striJces based on the net movement of tåe center

of pressure. Brief consideration was given to representing the

center of pressure in ¡rclar ratl¡er tìan Cartesian coondinates.

Ttris idea rras abandoned however due to the difficulty in
establishing an appropriate origil poi¡t" Since the overall

move¡rent versus tÌ¡e location of tl¡e center of pressure is the

important parameter, it v¡as decided to use the resultant velocity
of the center of pressure (RVCP) as deterained by the Srthagorean

rel-ation:

RVCp = (vcpx2 + vcPYz) I/2

The coxnponent velocities were i¡itially obtaÍned using the

first fonrard difference but tìis mett¡od r.¡as later replaced by

the Finite Iryulse Res¡rcnse (F.f.R.) differentiation tectrnique

[61] .

4. 5. 3 Àl-oor ithrtr 2 octtv Ànqle of Center of Pressure)

Having calsulated the resultant velocity of tt¡e center of
pressure, it was a sirnple task to find the resultant velocity
angle (VÀ) as shor.¡n below:

VA = tan-l(vcpv/vcPx)

This velocity angrle, determined at each data point, vras

plotted in hopes that some (corner" rnay be evident at the time of

heel strike. However, for reasons discussed later, t-tris pì-ot was

erratic as show¡r in Figure 14 and provided no information v¡hen

plotted in thÍs ¡nanner.
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4.5.4 Alqorithrn 3 (second Difference of Vertical Force SDVSTM

The third algorittun, found quÍte by surprise, is based on

the total vertical force rather than on the relative individual
loads as for the first two methods. From early tests it was noted

tåat a marked increase in ttre verticaL force, or a notch occurs

at the ti¡ne of heel strike as shown in Figure 13. In retrospect,

this seems to be an obvious expectation, yet the fact, that this
had gone unnoticed by previous researchers is curious. For each

data point in the vertical force cun¡e, t.l.e second finite
difference was calcul-ated. A heel strike was identified when this
second difference exceeded a certain threshold value which was

dete:mined frorn tJ:e data printout.

4.6 Sinqte Limb Force Extraction ÀlgorÍthrns

4.6.L fntroduction

For a tlpical gait pattern at, normal walking speed, the

period of dual sup¡rcrt is only about 13 t of the total gait c.ycle

t,íme. Iihile the total vertical force is being recorded at ttris
time, it is impossible to determine how this total load is beíng

shared by the two supporting Ii¡nbs. While there are many

advantages to large force boards, some of which v¡ere mentioned in
section 1.1, this inability to resolve individual lirnb forces

creates definite li:nitations. À review of the literature failed
to reveal any studies regarding the problem of extracting single

linb force histories. The algorithns developed and discussed in

the following sections are a response to this deficiency. Both

of the algorithms require the times of all heel strikes and toe-

offs. Ttrese can be found using the algorithns previously
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discussed or obtained in otl¡er lrays, by cine analysis for
example. fÌre development of the two groups of algorithns (i.e.
heel strike and force extraction) are independent of one another

and have been treated as such in this thesis.

4. 6. 2 4.lgqfltlur À (Temporal Shift)
The underlying assurnption of this algorithm is ttrat the gait

cycle is repeated one full gait q¿cle later. For example, all of
the forces generated by the left foot must be the same two

strides later. One of tl-e Ii¡nitations of this method is that it
is only applicable on a three step sequence, a right-Ieft-right
(rrRT,Rrr) for exarnple.

There are two r,rays in which the algorithm can be utilized.
Considering the force record shown in Figure 18, tÌre complete

right record can be obtained by a bacla¿ards shifting of tÌre

trailing edge of ttre left record as shown. While this shifted
portion is for the dual support, phase, it, is in fact, single lfub
force data since the right, foot is off the force board. at this
time. Itris shifting, of course, requires knowledge of the two

equivalent right heel strike tfunes.

Using ttre second method, tJ:e leading edge of ttre lead foot

force record can be time shifted forqrard as shown in Figiure 18,

this giving a second right foot in our example. In either case,

after the shift has been made, the force information for the

other foot can be determined by subtracting the shifted portion

from the com¡rcsite record.

À completely deslmthesized record determined ín this way is

shown in Figure I8(b). One of tÏ¡e rrerrorsrr in this method,

is that a small difference in the force value may ocsur at the

29



shift points. Ttre implication and analysis of tÌ¡is is discussed

in section 5 .3 .2.

4-6.3 Àlqorittua g lFractional SpIit)
Ttris argorithrn is based on the analysis of the position of

the center of pressure in relation to tt¡e tr¡o foot placements

during dou.bre support. unlike the teurporaL shift approach, this
argoritlun works for both two and three step sequences. To

facilitate the explanation of tJ'.is urethod, we will first consider

the gait of a hlpotheticar individuar having two peg-regs. The

individuar force on each rj:nb is thus restricted to a lrcint
Iocation"

Às shos¡n ix Figure 19 (a) , during doubl_e support, the

locatÍon of the center of pressure is somewhere between the two

pegs, or at ttre genera). ¡rcint cEX(t,) in the sagittal plane. Tt¡e

points cPx(hs) and cPX(to) are t}re center of pressure locations
at heer strike a¡rd toe-off ti¡nes respectivery. consÍdering

moments about point cPx(hs), t}re fraction of loadj¡rg on ttre left
and right feet can be expressed as:

FR

0
õ-T
cPx(t) - cPx(hs )I cPx(tol-:-¡P¡1¡¡t

FL_ t-FR_T- _T

where R,L are tJ:e forces in the right and left foot

and T is t-t¡e total vertical force (i.e. L + R)

The reality is however, that each foot is of finite size,

and consideration must be given to the local prog'ression of the

center of pressure on each foot. Às shor.rn in Fignrre 19(b), these

FRT
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local positions of centers of pressure 'd.l-* and rrd2* can be

referenced to cpx(hs) and cpx(to) respectivery. rn theory,
information concernilg this localized progression of ttre center
of pressure on a singre foot during the doubre support phase is
avairibre. For exam¡rre, for a *rÃL. q¿cre, the center of pressure
on the left foot is l<¡rou¡n from tìe ti¡ne of its initial heel
strike to the tl-ne of the ,,off-board,, toe-off of the right foot,
and upon exiting the boarrd, from the ti¡ne of the rfoff-board," left
heer strike to the tÍ-rne of the r,on-boarrl,. toe-off of the right
foot- Both of these periods are doubre sup¡rcrt phases, but in
each case, only one rimb is on the force board. while this is
fine in theory, the rotationar vibration of the boand produce

errors in this regrion of the CPX(t,) curve as shov¡n by the circled.
areas in Figure 14.

Barring tt¡e collection of better data , ttre assumption was

made ttrat, during t].is doubre support phase, eactr rocal_ized.

center of pressure adr¡a¡¡ces fon¡a¡rl at a constant rate. For the
trai)-ing foot, this rate s¡as assumed to be the sa¡ne as it was

just before heeL strijce and for the reading foot the same as just
after toe-off , or along the tangents shocrn in Fig:re 19 (c) . Ttris

assumption is reasonal¡Ie based on the fi¡dings of yamashita[9].

using this refinernent to the ,,peg-leg* mod.er the resurting
equations become:

FR - D _cPx(t)-(cPx(hs)*¿t)
T D+t -

where dl = VCPX.t (ìeft foot)
and d2 = VCPX.t (right foot)

FL I-FRT
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CÍIAPTER 5

RESULTS AI.ID DISCUSSION

5.1 Force Board Performance

5.1.1 Center of Pressure

Using a test procedure described in section 3.6.2, the

center of pressure of three measured points was determined. The

data given ín Table 2, and displayed in the plot shown in Figrure

12, indicates an accuraqf of about L/2tt or less than 0.5å error

in the center of pressure detection. This compares extremely well

to tÌre St-Io* accuracy reported by Yanashita t9l in his studies

using a similar sized board. In terms of dlmarnic response, ttte
plot in Figure 12 indícates ttrat ttrere was little variation of

ttre location of the center of pressure from ttre straÍght line
connecting ttre test poínts. For vertical loads of under about I0

pounds, the center of pressure becomes unreliable. Also, as

evidenced by ttre initial portion of the CPX plot in Figure L4,

the center of pressure oscillates following a heel strike,
presurnably as a result of rotational vibration about the y axis.

Unfortunately, as mentioned in section 4.6.3, this vibration

renders the information unusable for measuring the localized

center of pressure movement on tlre first foot faIl on the force

board.

The 'rPECKrr method of dispaying the ternporal locatíon of tt¡e

center of pressure seens to provide a simple, yet meaningful
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display. A traverse made by a 23 pound, 2L month old boy shows

that at the lower limit of weight, the foot patterns and center

of pressure movement is well displayed as indicated in Figure 20.

At ttre other weight extreme is the rrPECKrr plot of a 2OO pound

snbject with a pat-hological gait as shown in Figure 2J-. Ttris form

of representing center of pressure can also be used in assessing

ttre geometric variables associated with gait, such as stride
length, the relative positions of tJ:e footfalls, and may also

indicate when a foot has landed at the edge of the force board.

5. I. 2 Vibrational Properties

While this force board has demonstrated good sensitivity,
produces mini¡na1 cross-talk, and locates ttre center of pressure

witlt hígh accurasy, it is in need of stiffer supports to increase

tJ:e resonant natural frequenc¡¡, especially in tt¡e horizontal
pIane. The intent of this section is to suggest, design changes as

indicated by the vibrational study.

In the vertical sense, the marginally acceptable natural

frequency of 30 hz" r{as increased to only 38 hz. by removing ttre

effect of tJ:e vertical sup¡rcrt transducer and its supporting wire

rope. The most substantial increase in stiffness was achieved by

renoving ttre spring equivalent of ttre transversely loaded tubular

cross member shown in figure 11. This resulted in an increase

from 38 }:z. from 65 l.z., and strongly suggests the need to

stiffen this member, either by replacing it with a larger or

thicker-walled one, or by providing additional supports to the

existing by way of gussets or stnrts.

The resonant freguencies in the horizontal directions, 23

T:z. medio-laterally and I7 }:.z. in the posterior-anterior
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direction, are unacceptably low and render horizontal force

measurements questionable with the present, configuration.
As is evident, from the horizontal force plots in Figrre 13, the

sigrnal/noise ratio is indeed very 1ow, and clearry iÌrustrates
the need for irnprovement. (ThÍs is in part is why ttre authorrs

research has focused on vertical forces).

Although the horizontal supports hrere not tested in the same

nanner as the vertical supports, there are several projections

which can be made regarding design improvements. In g:eneral, an

improved design can be achieved by following one of two

approaches:

(1) retaining ttre basic support geornetry but strengthen

selected areas.

(2) redesigning the entire horizontal support configuration
(leaving the vertical arrangement as Ís).

In regards to the first approactr choice, the foll-owing

suggestions are listed in ttre decreasÍng order of ttreir projected

costþenef it:
(a) stiffen ttre cantilever support post rrArr a shown in Figure

lJ. by tTre addition of gusset plates or struts.
(b) provide a broader base to the support transducers to reduce

the rrrockingrt tendency. ( À nodified transducer shown in Figrure

32 was made but has yet to be installed)
(c) shorten the cables rrDrr in figrure 11 or replace them with

stiffer ones.

(d) replace or rrbeef-uprr ttre 3/l-6tt floor plates in the corner

units (see Figure 11)
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While it is agrreed that an acceptable overall stiffness
could be achieved usíng ttre above or sinilar changes, it is
probably more advisable that a total redesign of the horizontal
support system be made since, in addition to achieving higher

natural frequencies, a redesigrn could al-so eli¡ninate some of ttre

aligrunent problenrs discussed in the Userrs Guide t60l.
fn reviewing Balakrishnanrs ttresis [55], it is clear that

his desigm of ttre force board was based on the constraint that
tlre support system be statically detenninant. Since an analog

approach vras used at the time, this $ras necessal? in order to
simplify the process. However since the development of a digital
system by Brodland, this is no longer a reqr,rirement. Unlike many

Engineering problems which require the determination of reactions

dtre to an applied lrcrov¡n force, the situation with the force plate

is one of reconstnrction. If ttre reactions at each corner are

)<ltown, (as indicated by the straín gauge readings) it is a sirnple

task to deteraine the magnitude, direction, and point of
application of the causative force. Removal of ttre determinancy

constraint, allows for any nr¡¡nber of supports and permits a much

more rigid sup¡rcrt, the trade-off being a more expensive data

acquisition system.

A relat,ively sirnple change that may be considered, is tÏ¡e

addition of a posterior-anterior support at corner B as shov¡n in
Figure 33. with the present configuration, a posterior-anterior

force applied at point |tp'r produces a couple C : d x f with the

reactive force in the P/A support, at corner 1. This couple

produces equal and opposite reactions in t}.e Nî./L restraints at

corners 1 and 3. fn theory, this should not produce an erroneous
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net medio-Iateral force indication since this is obtained by

algebraicarly sunrnÍng the two equar and opposite readings. rt
does however grreatly reduce the signar/noise ratio . rn addition
ttris effect initiates a rotational vibration about the vertical
axis.

5.2 Testincr of the ÀIqorithms

5.2.L fntroducti-on

Às mentioned in section 4.1, two main bl_ocks of d.ata were

corlected at, different ti¡nes, the first block being used for
developnental purposes, and the second block for the testing of
the developed argorithrns. Due to tJ:e time lapse between tÌre
collection of tåese two data sets, several refinements had been

made to ttre data collection process, these being:

(I) addition of the provision for a I25 hz. sanpling rate to
tn" ttcarTRMrr progran. (Previous data was collected at 60 hz.)

(2) modification of the start/stop triggering of rrcÄrTtì¡{,r as

described in section 3.5

(3) improvements in the calibration proced.ure t¡hich

increased ttre center of pressure accuracy from 5 * to about 0.5t
(4) Correction of the problem of the breakage of tÌre ducting

tape on the shoe switches as dissussed in sect,ion 4.2.

(5) An inclusion in the test protocol of an i:nnediate

resolution test, using the program TTRESOLVE'| to verify correct

readings prior to any data collection.
(6) improvements to tl.e procedure for the aligning of ttre

force board.

[^]hile all of the above changes led to the collection of more
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accurate data, the improvements to the shoe switches now meant

that the toe-off times $¡ere reliabre. Ítris Ied to ttre rate

development of tt¡e toe-off identification algorithrn. rt is for
this reason that it is díscussed in this chapter rather than

earlier.
5.2.2 Àccnrisition of Test Data

Test, data was collected from three subjects, two males and

one female, described briefly in Table 3. One of ttre male

subjects had a highly aslruunetrical, pathological gait and wore

corrective footwear on his left foot, (see table 3 for details).
Ítre other two subjects walked in a normal fashion.

Each sr:bject v¡as advised to l¡a1k normally and to avoid.

rraimingtt for the force board. By monitoring eactr traverse,

unusable data t¡as flagged and not used in tt¡e subsequent,

analysis. For each subject 24 traverses each of tJ:e single left
and right feet, llere made, 24 traverses of two-step patterns (L2

each of LR and RL), and 24 traverses of ttrree-step patterns (L2

each of LRL and RLR). Às e><plained furttrer in section 5.5.1, a

large data base of single foot data was collected for purposes of
comparing the extracted single-Iùnb force records.

Some problems htere encotrntered in the collection of data

from the subject with the abnormal gait. His normaÌ stride was

too long for a three footfall pattern on the force board. AIso

due to an error ín the data acquisition prog,ram, and due to the

fact that the subject tired more readily, less usable data vras

collected on this subject tÌ¡an for the other two.

5.3 Results of HeeI Strike fdentification ÀIgorithms

An assessment of tt¡e success of the Resultant Velocity of
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tlte Center of Pressure (RVCP) and the Second. Difference of the

verticar Force (sDvsUM) heel strike argorithms v¡as made by

comparing the algorithm-identified heel strike times to tl:e
rrexactrr times indicated by the shoe switches. For each heel
strike, the positive or negative deviation from ttre exact times

v¡as deter¡nined in terrns of the number of datapoínts at tåe
sampring rate used for data collection. As shown in tJre

histograms in Figures 22 and,23, the results are grouped in three
hlays: (1) on an overall basis (a11 1r3 heelstrikes incruded.) , (z)

on the basis of normar versus abnormal gait (92 nornal gait heel
strikes and 2t abnormal gait heel strikes), and, (3) according to
tlle individual feet of the subject o*ribiting the abnormal gait
(13 heer strikes on his right or *goodr foot and I heer strikes
on his left foot,, the one wittr the built-up shoe).

rn general, the accuracy of both methods is extremery god.
The RVCP method predicts a heel strike within an overall accuracy

of 0.68 of a data point (based on R.M.s). Àt the sampring rate of
125 hz. used, ttris represents an terrorr of about 27

milliseconds. For tÌ¡e SDVSUM algorithrn, ttre corresponding figures
are slightry higher at 0.86 of a datapoÍnt or 34 ¡nirrisecond.s.

Ttrese f igures compare well to the accuracy of 0.5 d.atapoint

reported by Brodland 154), especially in light of the fact that
he had analyzed a total of onry 12 heel strikes using a single
subject.

As indicated on the top graphs in Figures 22 and 23, ttre

data is grouped in a relatively narrow band about the zero point,
with some isolated scatter to the right, this representing late
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heel strike prediction. Viewing tlle data on an normal/abnormal

gait basis, reveals that most of this rrlaterr band occurs in ttre

subject e><trÍbiting abnormal gait,. À further breakdown of this
sr:bjectts data reveals that virtually all of this rrlaterr band

occurs on ttre subjectrs left foot, the one wittr the built-up
shoe. This suggests that the strbject has a tendency to rrscuffrr

his left foot just prior to ttre application of any significant
loading. As shown in Figure 24(a), ttre leading edge of the

verE,ical force plot, for the left foot indicates ttrat this foot

accepts load at a low rate in the early stages, this ín contrast

with the right foot, the leading edge of which is shown in Figure

24(b) below. The delay in load acceptance is also evident in the

area Índicated in Figure 24(b). II¡is raises an interesting
question as to whether or not this rrlaterr prediction of heel

strikes is a shortcoming of the algoritfrm. lihile the purist rníght

argue that a heel strike occurs as soon as any contact exists

between the board and ttre subjectt foot is made, the biomectranist

nay be more Ínterested ín tÌre time at which ttre foot begins to
accept a rrreasonablerr rate of loading , (this adjective being

loosely defined). Ttris in nrind, the algorithn-identified heel

strikes rnight prove better than those identified by cine mettrods

when used in naking some Newtonian connection betv¡een forces and

body kinenatics.

To test, the abitity of tJ:e algorithns to identify an

rroverlapping" gait pattern as defined in section 4.5.I and as

illustrated in Figure 17(a), a subject was instnrcted to walk

such that ttre medío-Iateral separation between steps was high and

the posterior-anterior separation was l-ow. The vertical force and
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center of pressure plot (,,pEcK,,¡ of this traverse are shown in
Figure 25. Both algorithrns identified the heer strike tirne
exactly.

5.4. Toe-off fdentif ication Àlqorithn
Às mentioned earrier, the development of the toe-

off Ídentification argorithn ocsured at a rerativery late stage

in thÍs research. on the plots of the derived parameters, as

illustrated in Figure 14, a corner, albeit a more subtre one, was

obsen¡ed at the end of tt¡e duar support phase, that is at ttre
toe-off point r on tlre cpx, and cpy plots. Ttrreshold varues of
the RvcP parameter, corresponding to ttris corner point, vrere

obtained from the printouts and used to develop an algorit11:n to
identífy ttre times of toe-off . rn total , 65 toe-offs vrere

identified within an averag:e R.M.s deviation of o.44 of a

datapoint, and octribiting a relat,ively sma1l spread. as shown in
Figure 26. To ttre best of the auttrorrs knowredge, this is ttre
first tine that toe-off times have been successfully id.entified
based on force records.

5.5 Ànalysis of Force ESrtraction ithms

5.5.1 fntroduction

rn generar, the assessment of tJre two force extraction
algorithms was based on comparing one or more parameters of a

rrmasterrr average one-step record with the corresponding extracted

record. This master record was obtained by normarizing each of
the 24 singre foot records (per foot) to a common tirne base and

finding an averagie. rn additÍon, the rerative spread. (standard

deviation) was determined for each data point in the master pIot,
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and an envelope of +/- one standard deviation from the average

record plotted as shown in Figures 28 and 30. To eríminate
possi-ble error due to heel strike and. toe-off identifications,
the shoe-switch identified values were used.

5.5.2 Temporal Shift, Alqorithm

The software and approach used to assess the Temporal shift
argorithm is shown in Figure z7(a). only a singre parameter, that
being the force varue at the second., rroff-boardil heel-strike ti¡ne

(used to mark the shift points), was used to gauge ttre relative
success of this algorithm. The rationale for this is elçlained as

forlows: since ttris nettrod uses singre support force data,

unaffected by the tine shifting, ttre srnarr "gap,' at the shift
point, labelled rrxrr in Fignrre 27(al, ís ttre only possible error
that night be introduced by tJ:e urethod. ftre gap is due either to
the normal statistical variation of force varues, due to the non-

repetition of the step one stride rater, or else it may be due to
some rocationar bias in terms of force readings on the force
board. Íf, for example, the board tended to give a low reading of
force with ttre subject, on the east síde of ttre board, ttren one

would. e>rpect ttrat the standard deviation of the distribution of
thís gap rrxrr would be greater than root two of the standard

devíation of the force values at this point, as obtained from the

analysis of the single-step records t621. For each foot of both

subject, the results, shown in Table 4, suggested that, indeed,

the rrxrr gap could be elçlained statistically in terms of the

normal j-nter-step variabilty, and is not due to an artifact of

the force board or this algoríthm.
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5. 5. 3 Fracti-onal Split Alqorithn

The success of this mettrod kras assessed using tlre software

and approactr illustrated in Figure 27(b). While the method can be

applied to both two and three step gait patterns, it was decided

that t]:e niddle force of three step ¡ntterns be extracted, a

right on an rrIÀ¡rr pattern for exampte. Using the program

rrFlu\crroNrr, the middre force was oôracted from the three step

pattern, and normalized to a conmon tine base. Twelve records

each of the left and right feet were determined in this manner.

Once all of the records had been processed an average extracted

record, and ttre standard deviation envelope for the record v¡as

determined. These master extracted records are shov¡n in Figures

29 and 31. lhe resurts of ttre comparison of the master one-step

records with the master extracted records are discouraging.

crearly the extracted portions contain a great deal of the

vibration-related artifact. But yet anottrer erzor is present,

unrelated to the algorithm. Íhe niddle, si.ngre-suppott section of
the force record, Í.e. from toe-off to Lhe next rroff-boardrr heel

strike indicates a marked difference. since this is in no way

related to the fractional split algorithn, it suggests that
vertical forces occuring in the center portion of the board do

not produce ttre sane readings as an equivalent traverse made

close to the apex of tÌ¡e triangle, i.e a single step traverse.

Further testing of the algorithrn should be made after
Ímprovements to tJ:e system rigidity are made as discussed

earlier.
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CHAF{TER 6

CONCLUSIONS

T\¡¡o new algorithrns for heer strike d.etection have been

successfully developed. Ttre RVCp argorithm has predicted. heer

strike times to withÍn 0.68 of a sample point, and the sDVSUM to
within 0.86 of a sarnple ¡rcint. Both of ttrese argorithns v¡ere

successfull for irregular gait patterns.

An algorithm for tt¡e detection of toe-off times v¡as also
successfully deveroped and is capable of an accuraqr of 0.44 of a

sample point in prediction tine.
Drring a nultÍple-step traverse of ttre force board, the

period of dual support can now be d.eterained successfully based

on the force record alone. Ttre ímplications of this are that a

nultiple footfarl force plate can be used without, any patient
preparation to deter¡nine the single and dor.lble support times and

asslanmetry of gait. Clinics surrently require foot switches and

cine data for ttris analysis.

Two argorithms, based on the identification of the duar

support, phases as determined using the above algorithms, can be

used to find force records for a single linb. The Temporar shift
algoritlun, applicable on three step patterns only, produces

highly accurate extracted records. Ttre results of the Fractional

Sp1it algoritlun, applicable to any m¡liti-step pattern h¡ere very

much affected by art,ifacts of the force board relating to its
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lack of rigidity.
The dlmamic locatj-on of the center of pressure displayed by

the rrPEcKrr method provides a meaningful visuar toor for gait
anarysis. rt disprays the location of the footfalrs r¡hich is
useful in analyzing ttre distance factors rerated to gait
(e.9. stride length, step width, etc.,). This would arso indicate
questionabte steps whictr have occrrrred near the edge of the force
board. The rrPEcKrr method arso disprays ttre reratíve rates at
which each of the li¡nbs accept loading. A disadvantage of this
method is that a true tÍme history is not given. wtrile the eye

assumes a continuous advancement of the center of pressure along

the sun¡ed line, it cannot display a baclaaards movement, arbeit
that these reversed movements are assumed to be due to force
artifacts"

rhe rigidity of the suspension systern is too low, especiarly
in ttre horizontal direction. The resulting oscillations are of
reratively low frequenq¡ and high arnpritude and are under-damped.

llhe attendant force artifacts vel']z muctr limit the reliability of
some of the readings and thereby restrict the scope and nature of
further studies and suggests the need for desigrn improvements to
the force board suspension.
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test suspens].on
(natural resonant frecruencies lhz. )
vert ¡ned- -Iat. pos. -ant.

r (a) normal- 30* 23* 17*

I (b) resting on
cross-member

3B 23 I7

r (c) on posts
to floor

65

Test I: -March 5/85

-unloaded board

* ¡nechanical and digital measurement of vibration

Test 2: rTune Ls/Bs

-100 pounds at board center

Table 1: Results of Vibration Tests

I3

test suspension
natural resonant- frecn:encí es lhz - \
ve¡t. ¡ned. -Iat. pos. -ant.

2 normal 25 I7
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FILENÀÌ.{E ! rt28OB85. I TRÀVERSE NO: 2

CPY
17 .98
Ì7 .95
18 .01
L? .96
17.98
l-7.96
17.9I
17.86
17 ,92
17.93
L7 .94
TB. O3
17.99
r8.0I
I8.06
I8.15
I8.12
18. r8
18.04
L8.08
18.06
18.l_4
1.8.07

l-4
4

L2
03

17.95
18.08
Ì8. I4
I8. 14
18.12
I7.94
18.00
I8.08
]8
I8

Table 2: Numerical Data of a

I

}B

CPX
23.58
23 .42
23.59
23.73
23.59
23 .45
23.57
23.63
23.52
23 .64
23 .47
23 .66
23.76
23 .65
23,56
23.53
23.38
23.26
23 .6I
23,75
23.65
23 .63
23 ,65
23 .50
23, 18

I

I

23.43
23.75
23.57
23 .68
23.57
23.5I
23.48
23.51
23 .66
23.3I
23.50
23.73
23.57

VSTIM
24 .06
24 .66
26 ,00
26.92
27 .73
28.33
29.25
30.48
31.49
32 .62
33.74
34.97
35.89
36.70
37 ,72
38 .65
39.56
4I.08
42 ,82
43.85
44 ,46
45.38
46.40
46.50
47.60

I

zol¡s
70.67
70. I3
68 .53
66.90
65,77
65.87
67.07
67.70
67,68
68.63
69.86
70. I5

18
l_8

I8
18

I{T
I
2
3
4

5
6
7
I
9
IO
1I
t2
l_3
I4
I5
I6
L7
I8
19
20
2t
22
23
24
25

I

I

r03
I04
I05
106
I07
I08
I09
rr0
I]-I
112
I13
r14
115

20
IO
09

ave raqe
CPX

measured
CPX

a ve rage
CPY

measured
CPY

23. 58 24.?5 i8. 05 18. 5
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subject f ilena¡ne sex height age

NÀ

KM

MM

MN

ÀD

RM

DY

Í-o

NÀ240685. I

KM240685.1

MM240685. I

ìo¡240685 " I

ÀD240685. r

several

DYz10685.1

r¡210685. I

M

M

M

M

M

M

M

F

165

r65

190

l-33

195

r55

133

110

6r1Í

5 | 10'l

6r lrl

5 r7l|

5r6||

5 | r0'l

5r7ll

5r2il

24

26

25

I9

25

37

19

3I

8I{280885. I to .9

Cr27o8B5.I to .9

PH090985.I to .9

Base Data

Test Data

weight

II3

r50

200

r

M

M

22

23

25

* the subject has some hip deformity, anq wears 3tr

buiÌt-up- left shoe. Àn additional 2" build-up would
be reguired to achieve level stance.

Table 3: Description of Subjects

sex hesr:bject filename

512,t

5rgil

5rg||*

BH

qr

PiT
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Mu)-ti-step statlstics
(re: inter-step gap,,X")

Single-step statistics
(re: force at 2nd heel strike

1ã*std. dev.Subject tYpe neanllXl| std.dev."X"l jfoot std.dev.

BH

BH

GT

GT

RLR

LRL

RLR

LRt

2.]-75

0.487

-4.818

l-.836

4.8O2

5.323

6. lIB

7.4r7

right
Ieft
right
Ieft

3.58I

5. 902

8. I28

I1.890

5. 064

8.347

II.495

16.8r-5

Tab1e 4: Statistics for Ternporal Shift ÀIgorithn
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CAIiROSS.BAS F.riday, November J-5, 1985 Page I

Rn,Î CAüROSS
Rn{
RE¡{ This program is an edited version of programs written by Chris
REM Gadsby (COMPCAL and portions of COMPEDIT).Following cornpletion
REX{ of ttris program, nine calibration factors in the array Caf,fnlf¡
RE[{ are writlen to a sequentíal file in drive b:.
RH{
cLs
FIÀG?=0
DrM CÀIJ(384,5) ,CÀLIB(9) ,DCOFF(6) ,VERT(3)
REC:I
PRTNT IICÀLIBRÀTTON PROGR.AMII:PRINT II------- ----II
INPUT TTPLEASE E¡IIIER DATE:rr,F$
INPUTIITT\,TERT.CALIBRATION IOÀD AT CE¡¡IIROID (DEFÀULTS TO 180 Ibs.)";
VERCAI,:CFþRCÞVERCAL/3 : fF CFORCE=O THEN CFORCE=60
INPUTITTMFD/Ï.I.jI CÀLIBR]\TION I¡AD ÀT CENIROID (DEFAIILTS T"O 401bs) ";
MEDI,AT: IF MEDIÀT=O THEN MEDT,AT=40
fNPUITTPOST/Aì¡T CÀLIBRÀTION I¡AD (DEFAITLTS TO 201bs. )'r ;POST.ANI:

IF POSTANI:O THEN POSTANF2O
FOR GO TO 5

1 CÐSUB 3
FÐR I:I TO 64
CHANNEIFI
GOSUB 2
cÀL(I, C) =INT (X)
CHANNEIF2
GOSUB 2
eAL(I+64,C) =INl(X)
CHANNEIF3
GOSUB 2
CÀL(I+128, C) =IIIT (X)
CHANNEIF4
GOSUB 2
e¿¡ ( I+I92 , C) :IIIT (X)
CÍ{ANNEIF5
GOSUB 2
cÀI(f+256, c¡ :1¡¡'¡ 1*,
CHÀNNEIF6
GOSUB 2
CÀI,(f+320'C¡ =¡¡1'1",
NE}CT I
fF FIÀG = I TIIEN GOTO 4
NEICr C

4 GOSUB 9OO
fF FLAG:I TIIE¡¡ C:CODEå EI'SE GOTO 5
GOTO L

5 REXVT
| *rr** ROIIIIIIE TO CArcUIÀTE CAIIBRATION FÀCTOF-S
oFF(I)=0:NEXT I oFF(f)=o:NEXT ItZero Dc\lFF vector.
'Skip first, 10 pts. of caliJcration.
t (mechanical vibration of systen. )
DCOFF ( f ) :DCO¡'F ( I ) +CAL ( I, 0)
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DcoFF ( 2 ) =DCQFF (2 ) +cÀL( I+64
DcoFF(3) =DCÐFF (3 ) +ci\L(I+12
DcorF ( 4 ) =DCþFF ( 4 ) +cÀ1, ( I+I9
DCOFF ( 5) =DCorr ( 5 ) +eÀI ( I+2s
DcoFF(6) =DCþFF (6) +eÀL(I+32
NE}(I IrThe above loop gets the D.C. offsets from the unloaded plate data.
fþR I=1 TO 6:DCOFF(I)=DCOrr(I)/55:NE>CI I rÀVm.AcES VAITESrThe vector DCOFF now has the D.C. offsets of the plate attthe time of calibratÍon. These D.C. offsets are used whentthe following calibrators are calculated. NB. these D.C.roffsets are not used on the force records. (the D.C. offsetsrat acErisition time are taken from ttre force records themselves|NOI the calibration records.)
REI{Code to detersrine vertical correction parameters.
ERT(I)=0:NEXI f ERT(I)=0:NEXI IrZero vert,ical vector.
FÏ)R I=10 TO 64
\ÆRr ( I) =rmnr (1) +cå,L(I, 1)
\ÆRI (2 ) =\ænr (2 ) +qAL(I+64, t)
\IERI ( 3 ) =VPnr (3 ) +eÀ¡ ( I+128, L)
NE}CT I
FTIR I=1 To 3 :VERT(I)=Vrnr(I)/5s-DcoFF(r) :NÐ(T rrThe vertical data is averaged, and then the D.C. offset is corrected.
FCIR I=I TO 3:CÀI¡IB(I)=Vnnr(I)/cFORcE:NÐ(I IrNote that CFþRCE is ttre force exerted by ttre calibration rig. on tt¡ercentroid of the plate divided by TffiEE.
REt'fCode to detera.ine M.L. calibrators.
Tr.1=0:ML[,2=O LLI=O:MIJ2=0 | Zeto variab]es.
FÐR I:10 TO 64
MLLI:MIiLI+CAL ( I+ 19 2, 2)
MLL2 =MLL2+CÀL ( I+2 5 6, 2)
NÐ$ T
MLLI=MÍ,LL/552Nfr,T"2:WL2/55 IÀ\ZERAGES VAI,IIES
LRI=O : MLR2=0 . Zero variables.
FOR I=IO TO 64
MLRL=MLRI+CÀL ( I+ L9 2, 3 |
MLR2 =MLR2+CAL ( I+ 25 6, 3 )
NEXT I
MLR[=MLR1/55:MLR2:II0Í-R2/55'A\IERAGES VAIITESrNote tJ:e medío-Iatera1s require different calibrators, depending onIthe sign of the applied force, also there are two M.L. transducersIthus a total of four calibrators are required.
F(a) :MLL2=ML[,2-nCOFF (5) F(4) :MLL2=ML[2-DCOFF (5) r Correct D. C. offset.
CÀLI B ( 4 ) =ttÍ'LI / (MEDIAT/ 2 ) : cÀLI B ( s ) 4'fi1'2 / ( MEDIÀT/ 2 )
CALIB(6) =MLRV (MEDLAT/2) :Cå,LIB (7)=Mf-R2/ (MEDII\T/2)
rThe above tvro lines convert the plate data to lbsf assuming therplate was calibrated using the M/L calibration load (input)
R$'fCode to calsulate P.À. calibrators.
ÀIFO rC1ear vector.
rGrab data.
PAL=PAI¡+CÀL ( I+3 2 0, 4 )
NEXT T
PAIFPÀL/SS |ÀVERÀGES VÀLUES
PÀR=0
FÐR f=10 TO 64

,0)
8'0
2rO
6rO
0'o
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PÀR=PAR+CÀL(I+320, 5)
¡[Ð(I I
PArÞPArì/ss TAVERAGES VÀL;UES
pAIÞPÀR-DCOFF (6) : PAI=PAI-DCOFF (6) I Correct for D. C. offset.
CÀIJIB ( 8 ) =PALIPOSTANI : CAIIB ( 9 ) =PAR /pOSTANr
rThe above line converts ttre calibration data to lbsf assr"ming that
'the P/A calibrations vtere done using P/A æ.I. load (input)
FOR T=1 TO 9:CAI,TB(I)_ANS(CÀTJB(I) ):PRTNT CAIJB(I) 3NÐCI I
RE['{
@suB 700
STOP

2 RH{ subroutine for reading numbers off À-D board.
CÍIANNEIFCHANNEL'-I : ADDRESS:&H7 1O
ouT ADDRESS+4r128
oIII ADDRESS+s, CHANNEL
oIII ÀDDRESS+6,0

6 IF INP(ADDRESS+4)<128 TIIEh{ GCrr.O 6
IþI{ = INP(ADDRESS+S)
HIGH=INP (ÀDDRESS+6 )
X=256*HIGH + I¡Vü
ÍF X>ZZZ67 THEN X:X-65536!
RETTJRN

3 REI{ MESSAGE OIIT SUBROIITINE.
IF C>O THEN BEEP
PRTNT
IF C=0 THEhI PRINT rrREÀDY FOR D.C. OFFSET CÀLIBRATIONTT ELSE GOTO 10
GOSUB 660

10 IF C:l THEN PRTNI TTREADY FOR VERTICÀI, CåIJBRATIONTT EI-SE CÐTO 1I
cÐsuB 660

11 IF C=2 THEII PRt¡lT rrREÀDY FOR M.L LEFT CÀLIBRATIONTT ELSE GOTO 12
GOSUB 660

12 IF C:3 THEI{ PRI¡¡T TTREADY FOR M.L RIG}IT CÀIJBRATIONTT ELSE GOTO 13
GOSUB 660

13 ïF C=4 THEN PRINT TTREADY FOR P.A. LEFT CÀLIBRATIONTT EI-SE GOæO l-4
cosuB 660

14 ïF C:5 THm{ PRINT TTREADY FOR P.À. RIGHT Cå,I,IBRATIONTT ELSE GOTO }5
GOSUB 660

15 RET'URN
660 PRINI:PRINT TTSTRIKE [ENTERI WHEh{ READY. . . . . ";INPtIt trrr rcRAPå

PRI}¡T IICÀT BIU\TING. II

RETURN
7OO REX{ SUBROIITINE FOR DUMPING CALIBRATTON TABLE 10 DISK.

FCAL$=F$+|| RCAr,rr : FCAL$=rr S : tt*FC.AL$

INPUT IIPI,EASE E¡¡1TER ICALIBRÀTION] DISK INTO DRTVE B. STRTKE IE¡¡TER] T^I

HEN READY
il, CRAPS
oPn{ FCAL$ FOR OIITPUT AS #1
F'OR I:1 TO 9: WRITE#IrCALIB(I):NEXT I
CI¡SE#1
RETIJRN

9OO RE¡,f SUBROIJITTNE TO ALTOW FOR REDOING SE TIONS.
Fr,ÀG:0
PRINT IIDO YOU WISH TO REDO ANY OF I}IE EÀLTBRÀTIONS [Y/N] :II'
INPUT REDO$
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IF REDOS:rrNrr OR REDO$=rrnrr ÍIim{ GC*O 999
FTÀG:I
PRfNI TTCODES FOR REDO: rl

Page 4

PRINT
PRINT
PRTì¡T
PRINT
PRINT
PRINT
PRINT
PRTNT

il
il
il
ll
il
il

)
)
)
)
)
)

I
2
3
4
5
6

D.C. OFFSET. rl

VERTICAI,S.II
T,RIU. rr

RIGHT.II
LEFT.II
RTGHI.II

M. L.
M. L.
P. À.
P.A.

INPUT ilEti¡TER REDO C0DE'';CoDEt
CþDEt=CtDE8-1

999 RETURN
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TITLE GAIT DATA ACQUTSTTION (\IERSION 05183)

,
SUBTTLPROI¡G AND PROGRÀM DESCRTPTION
PAGE
COMMENT #
#
SUBÎTL MACR.O LTBRARY
INCLUDE CcI,IACRO.LIB;Brings in macro Iibrary.
t
SUBTTL SEQ{EX\¡II SETUP
PÀGE

S SEGSEGI{N¡T PARÀ STACK ISTÀCKI
DB 128 DUP('STÀCK ');Àllocate area.
ToPSEQU THIS WORD;Get top.
S SEGENDS
,
I4ÀXCHARSEQU 2s;Maximum characters allowed on input.

TEXTPARMSSfRUCtInput stmcture driven by DOS intermpts.
BUFSIZEDB MAXCÍIARS;Linit of buffer size.
NAI{ESIZEDB ? ;81Èe contai¡ing string lengrth.
TEXTINDB MAXCIIARS DUP(?) ;Actual buffer space.
TE}CTPARI{SE}TDS

FfLEPAR¡,fSSTRUC;stmcture for file control.
DRIVEDB ? ;Drive nr¡¡nber.
FNAI,IEDB , , ì File na¡ne for disk (lst two letters. )
FDATEDB 6 DUP(?);Sutfer for file date.
FNAI,ÍEEXTDB ?;Extension (fiIe nr:mber) .
DB I r;Pad right with blanks.
NOWBI¡CKDW ? ;Current block number.
RECSIZEDI{ ?;Defined record size.
SYSDB 16 DUP (?);gutfer for DOS use.
CRNUMDB ?;Record relative to NOWBIOCK.
RREcNoDB 4 DUP(?) iRecord no. relative to file start.
DB '$'
FILEPARI,ISEtIDS

DATÀ SÎRUCSTRUC;Data stmcture for final data set.

Page I

TIDI^I
T2DW
T3DI^f
T4DI^I
T5DI^f
T6DW
DATA

3072 DUP( r 1l
3072 DUP( r2 |

3072 DUP(r3l
3072 DUP( r4l
3072 DUP( r5l
3072 DUP(r6|
STRUCENDS

;First traverse data.
;Second traverse data.

;fhird traverse data.
tFourth traverse data.

;Fifth traverse data.
tsbft.h traverse data.

ì
TIMER_COUI.ITSfRUC;Strrrcture for counter values.

;The counter is set to count in terms of BCD.
;The counter is set to decrement, at 10000 hz until
;it is zero. Thus for exactly one hertz the counter would
¡be 9999Lr2. Recall this counts down to and includinq zeto.
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333h;Counter for 30h2.
200h;Counter for 50h2.
168h;Counter for 60h2.
50h,'Counter for 200h2.
25h;Counter for 400h2.
20h,'Counter for 500h2.
10h;Counter for l000hz.

TIMM,_COU}TTENDS
t
D_SEGISEGMEI{T PARÀ PUBLIC IDATAI
,
FDATADÀTA STRUC ()ilncorporate stnrcture for final data.
rNFODr,Í 3Ba DUP(?)

ì
PARMATE>CIPARMS <>;Incorporate input STRUC (renamed) .
PARMBFfLEPÀRMS <>;Incorporate file STRUC (renarned) .
PÀRMCIIMER_COIINI <> ;fncorporate ti:ner SIRUC (renamed) .

DOS RETDI,Í ?
DÀTEDB 6 UIP (?);Surrer for date.
P¡LAI{EDB 25 DUP(?) ;Buffer for ¡ntient name.
TIMER COI'}¡TLDB ?
TIMER COU}¡'TI{DB ?
CI{ÀNDB ?
THRESH HOLDDT{ ?
OVER UTNNSruIOLDS MADEDB ?
UNDER THRESHITOT,Ñ MEOE DB ?
srff 7l DF O

TRÀVERSE ¡{IJM DB ?
TRÀV BASEDT{ ?
FIÀGGERDB ?
t

ì
I{ESSGIDB 22 DVP ( I't | ) ,ODh, OAtt
DB r* GAITÀCQUISITION *rroAhroDh
DB r* VEF*SION 05/93 *r,oÀhroDh
DB 22 DIIP(, *' ), ODh, OAtr, 0Àh, OÀtt
DB t $t ;Text delirueter.
I{ESSG2DB rPlease enter date (ddrun11¡) r,OAh,ODh
DB fNo delimiters please. r rOÀtrrODh
DB t$t ;Text deli:neter.
¡{ESSG3DB rrPlease enter patientrs surname: rl

DB '$'
MESSG4DB rPlease enter patient disk in right hand drive,r
DB OÀhr ODh, rstrike IENIER] when readyr ,OAh,ODh
DB '$'
MESSGSDB tThe data buffers filled, do you want to redo I

DB rthe traverse tY/Nl?trt$'
MESSG6DB rDo you wish to redo any of the traverses [Y/N]?l
DB '$'
MESSGTDB OAh,ODh, tWhich traverse [1-6]?'
DB '$'
MESSG9DB rDo you t¡ish to make another run? [Y/NJ: I

Page 2

ì
Dt{
DT{
DW
DT{
DT{

Df{
DI{
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I (default is l20hz): r,0Àh,ODhrODh

'1) 30hz. r rOÀhrODht2) 50hz. r,0Àh,ODh
t3) 60h2. r r0ÀhrODht4) 2OO}:z. r rOAhrODht5) 400hz. r,OÀtr,ODh
t6) 500h2. | ,OAtr, ODh

' 7) l-000h2. r, OÀtr, ODh, OAtrrfnput nr¡mber (1-7) of desired rate, or strike

Page 3

DB '$'
MESSG1ODB rTt¡e data disk is fuLl, r,OÀtrrODh
DB rplease insert another formatted disk.IrOAtrrODh
DB 'strike [EIIIERI v¡hen ready. I

DB '$'
I{ESSGIIDB tAvailable sampling, ratesI
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

E¡flrERl
I

for default: I

MESSGISDB rtraverse I

MESSNODB ?
DB '$'
MESSNOEDB T finished".... . r0ÀhrODh
DB '$'
D_SEG1ENDS

SUBTTL MATNIJNE
PAGE

C SEGISEGMENT PARA PUBLIC ICþDEI
PFOGRÀ¡,TPROC FAR;Far enabTe caII from DoS.
ASSUME CS : C SEGI, DS : D_SEGI, SS : S_SEG, ES: D_SEGÌ
ì
,
COMI,IEIIT#
The following code lines establísh entry linkage
from DOS.
At entry:
DS=Segment address of prograrn segment prefix area.
At exit:
CS:Segment address of progra¡n segment prefix area.

#
start:PUSH DS;Set return seg:ment addr to stack.
ì
MOV
MOV
MOV

POP
MOV
ì
CÀLL CLRSCRN;Clear ttre screen.
PRTTE>$ ¡mSSGl i!{elcome message.
PRTTE>(I MESScz;Prompt for the date.
READKEYB;GeI tlte user response.
MOWORDS DATE;Transfer t] e date to the buffer.

t
$

AX, D_SEGI ;Get segment address.
DSrAX;Set up data segment one.
ESrAX;Set up extra segment.

CX;RecaIl segment return addr.
DOS_RETTCX;Save segment return.
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LINEFEED 2
MOV THRESH_HOLD,10

;fhe tt¡reshhold is set at 50 ¡nillivo1ts. The threshhold may be
;calculated by dividing ttre nunber (in this case lO) by 204.7.
;Ítre result represents ttre threshhold in volts.
,
í
REENTRY:NOP;Labe1 for another nrn.
CALL FI)O{ÀI,ÍE

CÀLL OPTION SET
CÀLL CLEÀN ¡t¡ffnn;Sets data buffer to zero.
CÀtL BOARDS-ET;Configure and start À-D board.

t ******************À¡IAIJQG TO DIGITÀ], MODULE Fþ].I-OWS******************
MOV TRAVER.SE NUM, I;First traverse.
TRAVERSE nWFy:UOP;Ertry for successive traverses.
MOV O\¡ER-T¡IRESHI{OLDS UaOn, O ;Clear counter.
MOV UNDER THRESIIHOI¡S UeOn,O;Clear counter.
MOV BXrO;õIear base r-eqrister.
MOV CHrO;Clear upper byte.
MOV CL,TRAVERSE NUM;Get traverse count.
PUSH Ct(;Save co-r¡nter.
OR CLrO0110000B;Convert to ASCII.
MOV MESSNO,CL;Put in buffer.
POP CX;Regain counter.
FTND BASE:NOP
ADD BXr6144;Move to next traverse buffer.
I¡OP FIND BA.SE;Loop until CX zero.
SUB BXr6144;Àllor¡ for first traverse.
PRHIE]CI MEsscls;Traverse message and number.
MOV TRAV_BASETBX;Save traverse base.
MOV DX,CHANNUM;GeI channel nu¡nber port.
MOV AlrO;Ctroose the first channel.
OtIl DXrAL;Set board.
MOV CHAN, O ìZero counter.
MoV DIroiOffset into traverse one.
MOV DX,CIRL_9513;Cet control po*:
MOV AL, 011100008;Selest counter five.
OUT DXrAL;Load and arm.
;Counter is nor^¡ running.
;BX has traverse offset.
NEXT SWEEPI:NOP
MOV SUM_7_8rO
NCrI READYI:MOV DXTSTATUS_PRT;Get status port.
fN ÀL,DX;Get status byte.
TEST ÀL,100000008;Test for done.
;fNS NOT_READYliConversion not conplete.

MOV DXTIOW_BYTE;GeI low byte port.
IN ÀL,DX;Read low data byte.
XCHG ALrÀIl;Exchange to save.
MoV DX,HIGH BYTE;GeI high byte port.

Page 4
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IN ALrDX;Get high data byÈe.
XCHG ALrAH;Reswap bytes.
MOV [BX+DI],AX;Save data
INC CHANifnc channel cor.nter to second chan.
tData from channel one is now stored.
MOV DX, C0IITROT:__PRT;Get control pott.
MOV ÀL, IO000000BiControI byte.
OUf DXrAL;DisabIe e:<ternal starts.
;and auto-inc.
NEXT CTIANI:NOP
Mov Dx,cÍIANNUM;Get ctrannel porf .
MoV AL,CHAN;Get charurel nr:mber.
OUf DXrAL;Set charurel.

MOV DX,CCIN\rERT_START
OIII DXrÀL;Stalt a conversion.
MOV DXr STÀTttS_PRf ;Get, status port.
NO{f READY2:IN AL,DX;Read board status.
TEsÍ Al,rlooooOOOÈ;Test for done.
,fNS NOT_READY2;Board not finished.
MOV DXrI¡$I_BYÍE;Get low byte data.
IN AL,DX;Get byte.
XCf,ic ALrAHiSvrap b1tes.
MOV DX,HIGH_BYTE;Get high byte data port.
fN ALrDxtcet, bybe.
XCHG ÀL,A}I;Resv¡ap.
,
ADD Bxr768;Incre¡nent, to next ctrannel.
MOV [BX+DI],ÀXrstuff data in buffer.

cMP CHANT6
JL ZZZ
ÀDD SIM_7_8,AX

DÀTA
ZZZz INC CÍIAN
CI,IP CHAN,7;Swept too far?
JLE NE}CI_CHANI;No, read again.
MOV CI{AN, 0;C1ear channel counter.
PUSH Ð(

Page 5

'SKIP 
FOTTOWTNG IF CH>3

'SOHTTüARE 
ÀDDITION. AX HÀS CIJRRENT

MOV
MOV
MOV
out
ADD
POP

i
MOV DXTCHANNUM;C,et software channel port.
MOV ALrO;Ctroose first channel
OIJT DX,ALtSet TECI4AR.
t

BX, TRAV_BÀSE;Refresh traverse base pointer.
DX, COIITROL_PRT;Get control port' .
ÀL, 100001008;Enable e>cternal starts.
DXrAL;Send to board.
DI, 2; Increment destination index.
AX;Regaín data.

ì
;ÀX now has the 8th channelrs data in it.
;Reca11 this is the threshhold ctrannel.

PUSH BX
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MOV 8X,400
cl,fP BX, suM_7_8
POP BX
JLE MAYBE_GO;Yes, check for noise.
MOV OVER T¡IRESIIHOLDS_MADE,O ;Othen¡ise zero counter.
C${P Df,3õ;Enough preview points? (I5)
JLE SENDI;No go back and sweep again.
MOV DIrO;Otherwise start to ovenrrite.
SEIIDI :JMP NEXT_SWEEPI ;Back until ttrresh passed.
t
MAYBE_GO:NOP;Save last SUM_7_8 for comparíson
INC O\ZER THRES¡THOLDS MADEiOne more thresh.
CttÎP O\¡ER-1ÏIRESIIHOLDS-MADE,5 ;At least five consecutive
;points ãre needed tõ ensure
;protection agaínst noise.
JE TT{RESH TEST PÀSSED
JMP FAR PÍR NE}fI SWEEP1
THRESH_TEST_PASSE-D: NOP; Labe1 for traverse start.
;At this point ttre system ís in futl operation
ithe same t]æe of operations must still be done, but
inow ttre computer must look for the end of the surrent
;traverse, and still prevent an overflow.

; ******************* FIND NgW THRESHOLD ********tr*********************
ì
PUSH Ð(
MOV SIr0
MOV AX, [SI]
MOV SIr2
ÀDD AX, [SI]
MOV SI,4
ADD AX, [SI]
MOV Srr6
ADD AX, ISI]
MOV Sr,B
ADD Ð(, [SI]
MOV SIr768
ADD AX, [SI]
MOV SIr770
ÀDD ÀX, [SI]
MOV Srr772
ÀDD ÀX, [Sr]
MOV Sr,774
ADD AX, [Sr]
MOV SIr776
ADD AX, [Sr]
MOV SI,l536
ADD AX, [SI]
MOV Sr,1538
ADD AX, [Sï]
MOV SI ,I54O
ÀDD AX, [Srj
MOV SI ,L542
ÀDD AX, ISI]

Page 6
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MOV SI,1544
ADD AX, [SI]
PUSH BX
PUSH DX
MOV DXro
MOV BX,s
DTV BX
ADD ÀX,IO,'Ten is tJre o1d tt¡reshold value
MOV THRESH HOLD,AX
POP DX
POP BX
POP AX

; ********************STAIìT TESTS PASSEDT't*****************************

NEXT SWEEP2:NOP
NOT READY3:MOV DX,STATUS PRT
IN ALrDX;Get status byte.
TEST ALrl0000000B;Test for done.
JNS NO{I_READY3 ;Return until ready.
,
MOV DX,I¡W_BYTE;Get low byte port,.
IN AL,DX;Read low data port.
XCÍIG AlrÀH;Exchange to save.
MOV DX,IIIGH_BYIE;Get high byte port,.
IN AI,,DX;Read high data port.
XCHG ÀL,AIIiResvJap.
MOV [BX+DI],AX;Store data.

MOV SUM_7_8,4X rI¡ÀD CHt INTO SIIM 7 8
INC CHAN;Increment channel counter.
,
;Data from ctrannel one is now stored.
t
MOV DXrCþ¡ITROL_PRT;Get TECMAR channel port.
MoV AL, IOooOOOõB;DisabIe external starts.
OI.)1I DXrALtSend to device.

NEIC| CÍ{AN2:NOP
MoV Dx, cHANNUMtGet ctrannel-setting port.
MOV AL,CfIAN;Get channel number.
OI-)lf DXrAL;Set board.

MOV DX,CllltVERlI START;GeI software start port.
oul DX,AL;rnitialize conversion.
MoV DX,STATUS_PRT;Get status port.
NoI READY4:IN ALrDX;Read status byte.
TEST AL,IOOOOOOOB;TesI for done.
JNS NOI_READY4 ;V{ait until finished.

MOV DXTISW_BYTE;Get low byte porf .
IN ALrDX;Read low data byte.
XCÍIG ÀL,AH;Exchange to save.
MoV DX,HIGH_BYTE;Get high byte port.
IN AL,DX;Read high data bybe.
XCHG ALrAHiResr^¡ap.

Page 7
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BXrTRÀV_BASE;Reset base pointer to trav.
DX, CONTROL_PRT;Get control port' .
AL, lOOOOlO0B;Enable external starts.
DXrAL;Send to TECÎ'fAR.
AX;Regain data from stack.
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,

CMP CHAN,2 
' 

2 MEÀNS CH.3
JG NEW IÀBEL ;SKIP FOLIOIIIING FOR CH>3
ADD SUM_7_8,4X ;ÀDD 2nd OR 3rd CÍI TO SUM 7 8

NEVI IÀBEL:ÀDD BXr 768;Increment base to next ctr.
MOV-IBX+DI ],AXiMove to buffer.
fNC CHAN;Increment channel cotuter.
Cl,fP CHAN,7;Swept too far?
JLE NEXT_CHÄN2;No, read again.
MOV CHAN,OiReset channel counter.

PUSH AX
MOV DX,CHANNUM;Get, software channel start.
MOV AL,O;Reset channel to 0 (one).
OUt DX,AI;Reset, board.

MOV
MOV
MOV
OL1IT

POP
ì
;Ð( now has the eight chamelrs data in Ít (threshhold channel).

ADD DI, 2;Increment dest,ination Índex.
cx{P Dr, 400
JIJE YYY
PUSH BX
MOV BXrT¡IRESH_HOLD
cMp BxrsuM_7_g tData under tt¡reshhold.

MOV SI'M_7_8,0 r CLEAR SUM_7_8 FOR NElm RoUND
POP BX
JGE MAYBE FINISIIED;Yes ctreck for noise.
MOV UNDffi,-THRESHHOLDS_MADE, 0 iReset done counter.
YYY:CMP OT,ZAe;End of-buffer?
JLE SEND2;No, go back and sweep again.
JMP DÀTÀ oVERFI¡W ;otherwise force end of traverse
MAYBE FIÑISTüD:NOP
INC UNDER THRESHIIOLDS MADE ifnc end of trav counter
CS4P UNDER-THRESITHOLDS-MADE, 15 ilS consecutive points.

;unãer threshhoÏd needed
JE TRÀVER.SE DONE;DONE!
SEXVD2:JMP FÀR I{IR NEXT SI^IEEP2;Other:v¡ise go back again.
DATA OVERFIiW: NOP
CRETTIRN
PRTTEI(I MESSGs;Inform user of overflow.
READKEYB ; Redo traverse?
CRETURN
LINEFEED 1
MOV AH, rNr;Get comparator.
Cl'lP AH, PARMA. TE)CIIN tRedo?
JE KEEP DÀTA;No, keep data.
MOV Æ{, tnriGet conparator.
Cl4P AH, PARMA. TE)ffIN ;Redo?
JE IGEP_DATA;No, keep data.
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ì
iBefore taking fresh data the traverse buffer must be zeroed.
t
MOV CHr0;C1ear high byte of counter.
MOV CLTTRAVERSE NUM;Get current traverse number.
MOV BX,O;CIear -base register.
FTND BASE2:NOP
ADD BX,6144;Inc to next traverse.
IÆP FIND BASE2 iloop untíI CL zero.
SUB 8X,61ã¿;Correct for loop.
MOV ÀX, 0;Clear accrrmulator.
MOV CX, 3O7 2 ¡Words/traverse.
WTPE TRÀV:NOP
Mov TBXI,ÀXiClear word.
ÀDD BX,2¡Inc to next wor¡d.
I¡OP WTPE TRÀV;Clear traverse.
JMP FAR ptn fnaffnnsE ENTRy;Go back for more.
KEEP DATA:NOP
TNEIENSN DONE:NOP
PRHIEICr MnSSNon;Àdds tfinishedr to traverse number.
;Following lines of code store ttre number of data poínts taken.
RCR DIrl;Divide DI by two.
MOV BX,OFFSEE INFO;Get base.
MOV CH,O;Clear upper byte.
MOV CLTTRAVERSE NUM;Get, counter.
SÀ\TE PI,ACE:NOP 

_
ADD EX, 2 ilncre¡nent, base.
I¡OP SA\¡E PIÀCE;GeI offset,.
SUB BXr2;õorzect, for loop.
MOV [BX],DI;Save cotnter.
iCounter saved.
Cl,fP FIÀGGER, L;Redo traverse?
JE RUN_DONE;Yes jump to end.
INC IRÀ\ÆR.SE NUMtfncrement ttre trav num. count,
CI,ÍP TRÀ\¡ER^SE_NUM, 7
MOV ÀHroch
MOV Al,Olh;text two lines forces system to wait,
fNf 2lH;until kelpressed.
JL SEND FOR ÀNOTtIM, TRÀ\IERSE;Go bacK.
JMP RUN_DO}¡E
SEh{D T"ON A¡¡OTNNN TRÄVERSE:JMP FAR I{TR TRAVERSE ET{TRY
RUN DoNE_: NoP
MOV-FLAGGER, O iClear special fIag.
CÀLL REDO Alfy IRÀ\IERSES;User desires redo?
cX{P FIÀGGER, t7nedo traverse?
JE SEND_FOR_A}IOTTIER_TRAVER^SE ; Send bacK.
t
CALL DATAWRTTE ;Write data.

ENQUIRE:NOP,'FoIlowing checks for end of prograrn.
LTNEFEED 2
PRTTE)ff MESSG9;Àny more runs to be made?
READKEYB;GeI reply.
CRETURN
LINEFEED 2
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MOV AH, rYr;Get comparator.
CIIP AH,pARMA.fEXpIN;More runs to be made?JE SEND_BACKiYes-set up for sendback.
MOV AH, ,yt icet, comparator.
C$fP ÀH,PÀRMA.fE)CtIN;More runs to be made?
JE SEND_BACK;Yes-set up for sendback.
MoV AHTTNt icet cornparaLor.
C1IP ÀH, PARMA. TÐCIIN ; Finished?
JE ED{D_PROG;yes! Go to DOS.
MoV AH, rnr iGet comparator.
CMP ÀH, PÀRMA. TEXTIN ; Finished?
JE EIID_PROc;yes! Go to DOS.
BEEP;INVÀLTD INPUTS.
JMP ENQUIRETTTY again.
SEND_BACK:JMP FÀR r{rR REEt¡TRy;send back for anotÌrer run.
ì

ryP_-1199: NoP; Destination v¡hen program finished.
coM¡'tENT#
The next lines of code set up the stack for the farreturn to DOS.
#
MOV CXTDOS RET
PUSH CX;R¡E segment return on stack.
sUB ÀX,AX;C1ear accumulator.
PUSH ÀX;R¡sh on nev¡ rp (INf 2Oh).
RHI,'Far return to DOS.
PROGRÀMEI\TDP
rNCII'DE SUBI.ÀSM
INCLUDE SUB2.ÀSM
C_SEGI ENDS
ENDstart
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CLRSCRNPROC NEÀR;Clears and locates cursor.

MOV CX,0;Upper left (CH,CL)=0rO
MOV DX, 2479h;T-ower right (DHTDL) =24 t79
MOV BHrT;Àttribute for clear screen.
MOV AX,600h;ÀII:6r scroll entire window.
BIOSCAIL;Invoke BIOS.
MOV BHrOiScreen number to use.
MOV DX,O0;Provide locate coords.
MOV AH, 2 i¡1¡:2, Iocate.
BIOSCALL;fnvoke BIOS.
RET;Back to invoking rnainline.
CLRSCRNENDP
t
FIlo{AIvfEpRoc NEÀR;Sets up and opens file.
PRTTE>ff MESSc3;Àsk for patient surnane.
READKEYB; fnput response.
MOVI.IORDS PNAME;Puts name into buffer.
MOV SITOFFSET PNÀl.fE;Prime source index.
MOV DI,OFFSET PÀR¡,fB.FNÀlrfE ikjme dest. index.
MOV CX, 2 ;Filename = 2 letters + date.
REP MOVS PAR¡IB.¡:NA¡{E, PUA}fE;Move string.
MOV SITOFFSEE DÀTE;Prfune source index.
MOV DI,OFFSET PARMB.FDATE ;kime destination.
MOV CXr6;Set lengrth.
REP MoVS PAR¡IB.FDATE,DArE iMove string.
,
CRETURN
LTNEFEED 2
PRTTEXT MESSG4;Àsk for patient disk.
READKEYB;Get response (enter) .
MOV PÀRMB.DRT\TE,2
MOV DX,OFFSET PÀRMB;Give DOS FCB location.
,
MOV PARMB.FI.IÀI{EEXI, 3Àtr;ki¡ne | 9 r+Ih
FIND:NOP
SUB PAR¡{B. FNAI{EEXI, 1;Decrement extension.
CI,ÍP PARMB.FT\AMEEXT,, O, ;First file?
JE FIRST_FILE;Yes-stop lookÍng.

MOV AH, I1h;I\mction selected=find file.
DOSCÀLL;Invoke DOS.
CMP ÀL,0;Fí1e found?
JNE FIND;No-go back and decrement.

;Àt this point ttre proper extension has been
; found.
t
FIRST FILE:NoPtEntr'lf if extension = r1r.
INC PAR¡,ÍB.fNAl,fEE)ff;Go to next extension.
MOV AH, 16h;Function=create file.
DOSCALL;fnvoke DOS.
t
RET;Back to invoking line+l.
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FI}O{AT\,IEE¡{DP

DÀTAI^IRITEPROC NEARTPROC for writing out dataset.
NEW DISK REWRTTE:NOP
MOV-PAR¡,ÍB-. RECSIZE, 768 ; Set record size.
MOV PÀRMB.CRNUM, 0 ;fnitialize curzent record no.
MOV DXTOFFSET PÀRMB;Get file control btock.
MOV ÀHr24h;Set randorn record field.
DOSCÀLL;Invoke DOS.

ì
MOV DX,OFFSET FDATA
MOV AlI,lÀh;Set, üIÀ.
DOSCAIiL;Invoke DOS.

,
MOV DX,OFFSET PAR¡IB
MOV CXr 49 iRecord count for mn.
MOV AH, 28h; Block write.
DOSCÀLL;Invoke DOS.
f

;Check to see if write successful.

CMP AL, O1;Insufficient disk s¡race?
JNE DISK HAS ROOM;OK--carLlf on.
MOV ÀH,I-Oh;CTose useless file.
DOSCå,LL
MOV AH,l3htKill useless file.
DOSCÀLL
,
LTNEFEED 2
PFU|TEICI MESSGIO;Ask for new disk.
READKEYB;T{ait for OK.
MOV DX,OFFSET PARMB;Get FCB.
MOV ÀH, 16h;Fr¡nction selected=create file.
DOSCÀIL;Invoke DOS.
JMP FÀR I{TR NEW_DTSK_RE9IRTTE

DTSK IIAS ROOM: NOP
Mov DX,oFFSET PARI.{B
MOV AHrlOh;Close file.
DOSCALL;InvoKe DOS.
f

RET;Back to invoking line+I.
DATÀ?ÍRTTEM{DP

REDO AI'IY ÎRAVERSES PROC NEAR;trrocedure to allow redoing trav.
PRTTEXT-MESSG6;Àsk if user desires reacquisition.

READKEYB;Get response.
MOV AL, rNr;Get comparator.
cMP PARMA.TEXTTN,AL
JE RETURN;Back to maÍnIine.
MOV AL, rnr;Get comparator.
c1{P PARMA.TEXTIN,ÀL
JE RETtIRN;Back to mainline.
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PI{ITE>CI ¡{ESSc7;Which traverse?
REÀDKEYB;GeI response.
CRETURN
LINEFEED T
MOV ÀL, PARMA.TE)CPIN;Get input byte.
AND ÀIJ, OFh; Deconvert.
MOV TRAVERSE NUMTAL;Save traverse number.
MOV CHrO;CIeãr upper byte.
MOV CLrÀL;Get traverse number.
MOV BX,0;Clear base register.
MOV AX, 0;Clear accumulator.
FIND BASE3:NOP
ADD 8X,6144;Move to next trav buffer.
LOOP FIND BASE3;Loop until q. zero.
SUB BX, 61ã4 ;Correcd for loop.
MOV CX, 3072 ;Words/traverse.
WIPEOUI:NOP
MOV [BX],Ð(tClear a word.
ADD BXr2;Increment to next word.
IÆP t^lIPEOUT,.CIear until Cl( zero.
MOV FIÀGGER, 1;Set flag.
RBTURN:NOP
CRETURN
LÏNEFEED 1
RET
REDO ÀT{Y TRÀVER^SESENDP
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COMMENT#
Following is ttre analog to di
The program makes use of the
board.
#

ì
ÀDDRESSEQU 710h;fO starting address.
CONIROL_PRTEQU ADDRESS+4;Main control_ port for board.
CHANNII¡{EQU ADDRXSS+S;AD charurel number in auto-inc.
;mode this is the lowest ctrannel sarnpled.
CON\ERT_STA¡{IEQU ADDRESS+6;Software start port.
STATUS_PRTEQU ÀDDRESS+4;IO polt for reading status.
LOVI_BYTEEQU ÀDDRESS+s ;Iow byte port.
HIGH_BYTEEQU ADDRESS+6 ;High byte port.
,
;Reading this bybe resets the done flip-flop on the board.
ì
DATA_9513EQU ADDRESS+8;9513 tiner data port' .
CTRL_95138QU ÀDDRESS+9;9513 timer control- port.
BOARDSETPROC NEAR;Sets up TECTIAR BOÀRD.
;Timer is set but not armed.

MOV DX,HIGH_BYTE;Get high byte porf,.
IN AL,DX ;Read and reset board.
,
MOV DX,C0¡ITROL_PRT;Get naster control port.
MOV AL, 100001008; Start configuration.
OUTI DxrÀI;Configiure board:
;disable all intermpts.
;disable auto inc.
;enable e>cternal start.
; (wiIl toggle. )
t
MOV DXTCIRL_9513;Get tiner control porÈ.
MoV ALr000I01IIB;Set to master mode register.
OUTI DX,AL;Send to board.
ì
MOV
MOV
oult
MOV
OI]TT

î
;Master mode is set as follows:
;BCD division.
;enable increment.
;8-bit data bus (8088).
; FOIII on.
;Divide FOII| by 16.
;FOUT source is FI, IM hertz clock.
;Disable comparators and tine of day.

Page I

gital conversion module.
timer capabilitíes of tl¡e À-D

DXTDATA_9513;Get data port of timer.
AL, 000000008; IIVI master mode byte.
DXrÀL;Send to board.
ÀL, 100000008;HIGH master mode byte.
DX,ALiSend to board.

MOV DX,qIRL_95t3tcet 9513 control port.
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MOV Al,O5h;Counter mode register set to five.
OI)II DXrAL;Send to board.

MOV DX,data_9513;Get 9513 data pott.
MOV ÀL,OOlloOOIB;Set tow b1te.
OUI DXrALtSend to board.

MoV ÀL,0001110I8;Set, high byte.
OIlf DXrALtSend to board.

;Tlris configures the counter mode register as follows:
;No gating.
;Count rising edges.
;Use F3 as the source (10k hertz) .
;Disab1e special gate.
;Reload from load.
;Repetitive count.
;BCD count.
;Count down.
;Àctive high T€ pulse.

MOl/ ÀLTTIMER_CìCUNIL;Get required count value low b1te.
OUf DXrAL;Prime counter.
Y9Y Àt,TIMER_couNII{;Get high count, byte.
OttT DX,ÄItSend to board.

Page 2

,
,
,
t

,
t

Counter five is now ready to go.

$r enabling and disabling the external start, tÌre user
can control the AD start conversions.

RHl,'Return to invoking progran.
BOÀRDSETENDP
t
CLEÀN_BUFFERPROC NEÀR,'Procedure to crean data buffers.
MOV CXr18816;Number of words/nrn.
MOV ÀX, 0;C1ear accumulator.
MOV BxrO;Start at the beginning of tJ:e d.seg.
IOOP CLEÀNl:NOP
Mov îBXl rÀX;c1ean a word..
ÀDD BXr2;Increment to next word.
LOOP IOOP_CLEÀNI
t
RET
CLEAN_BUFFERENDP

OPTION SETPROC NEAR;Procedure to set sarnpling rate.
PRTTEI$ MESSGIL ;What sarnpling rate?
REÀDKEYB ; Input response.
CRETIIRN
LÏNEFEED 2
Ct{P PARMA.TEXTIN,ODh; [EMIER.] (default) .
JE DEFAULT_HZ;Yes, go for 100 hz.
AND PARMA. fnXTIlt, OFh; Deconvert, ÀSCfI.
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MOV CHrO;Clear high bybe.
MOV CL,PARMA.TEICIIN
MOV BX,OFFSET PÀRMC;Get data stn c for counter.
t

;CX now has counter in ít.
FIND COUNIIER:NOP
ADD BX,2
I¡OP FIND COUIITER;Loop until CX zero.
SUB BXr2;-Correct for loop.
MOV ÀX, [BX];Get, counter.

MOV TII{ER COUNTLTAL;Prine low byte.
MOV TIMER COUIITH,AH;Prirne high Ëyt".
RHt;Back -to mainline.
DEFAULT HZ:NOP
MOV TIMER COUNILTS2h;Move in default counter.
MOV TIMER-COUNTH, O0h; 1000 O/OO82=L2O hz [BCDI .RHI,'Back Eo naintine.
OPTION SETENDP
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ST'BTTL MACR,O DEFINITIONS

ì
READKEYBMACRO;Macro to read the keyboard.
MOV DX,OFFSET PARMA
MOV AH, 10 ;F\¡nction selected=read keyboard.
DOSCALL;fnvoke DOS.
ENDM

írvennrouecno couur;No. of 1Ínefeeds is passed.
LoCAL I¡oPl
MOV CX, CYOU¡ìT|

I¡OPI:MOV DL, OÀh;ASCII for linefeed.
MOV AH, 2 ;F\rnction selected:output char.
DOSCÀLL;Invoke DOS.
IOOP IOOPI
ENDM

CRETURNMACRO;MaCro to outpur carriage return.
MOV DLr ODh;ÀSCIf for carriage return.
MOV ÀH, 2 ;Functíon selected=output char.
DOSCÀLL;Invoke DOS.
ENDM

PRTIEXI!ÍACRO TE)(TiMacro to output, text to the console.
MOV DXTOFFSEE TEXI;Get te>ct, address.
MOV AH, 9 ;Function selected:output text.
DOSCÀLL;Invoke DOS.
ENDM
f

MowoRDsMAcRo DEST;Transfers consore strings to buffers.
MOV CHrO;Clear lfSB of counter.
MOV CL,PARMA.NAIUESIZE;GeIS length (Iess CR) .
MOV Sf ,OFFSET PARMA.TEXIIN;primes source index.
MOV DI,OFFSET DEST;kimes destination index (ES).
REP MOVS DEST, PARMA.TEXTIN;performs move.
ENDM
,
BEEPMÀCRO;This rnacro sounds bell.
MOV DL,7h;ASCII for beep.
MOV ÀH, 2 ;Function selected=output char.
DOSCALL;Invoke DOS.
ENDM

BIOSCATLMACRO;This ¡nacro invokes BIOS.
INT 10h;CaII intermpt.
ENDM

DOSCALLMACRO;Tiris macro invokes DoS.
fNT 2lhrcall intermpt.
ENDM
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10 CI-S:PRINI rr THIS PROGRÀM fS FOR PERFORl,ttNc RESOLUTION TESTS RE: CEI{I
RE OF PRESSURE , Àì¡D PROVTDES TI{E OSTION FOR À DATÀ PRII{TOIIr, OR PECK. rT

woRl(s oN ******** UNEDITED DÀTA *********il
20 PRTNT
30 PRINT ||BEFþRE PROCEEDTNG FuRrriER, PLEASE ENSURE THAT THE prpTTER rS C
ONNECTED THROUGH COM 2 AI{D THAT BOTfI TTM PRTNTER ÀND PI¡TTER AIìE ONII40 OPEN ilCOMzr24OO,S,T rlrRsrCSrDS3zOOOrCDtrAS#350 PRINT
60 DIM DATÀCNI ( 3 84 ), DArAPIS ( 3 84, I )' DCOFF ( 9 ), CÀTDATA ( 3 I 4, 6 ), VSIM ( 3 84 ),

cpx ( 3 84 ), cpy ( 3 84 ), V,ERT ( 6 ), Cå,IJB ( 9 ), TypES ( 6 ), DOT ( 3, 2 )
GOSUB 470 | subrout,ine to load in CALIB(I) factors
INPUI rrlnsett desired data disk (unedited) in drive b.n,Ct

PRI}IIT: PRINT
PRINT r'Àvailab1e files: tt

PRIIIT: FILES ilB.*.*''
PRT}M
INPIII rrDesired data file ,trN$
F$:trg'tt4¡¡ç rÐrsure drive B.
cIs

rF T8=0 TtIEhI GosuB 660 rGet traverse counters.IF T*=0 THH'I INPUI I'SELECP AT TRAVER^SE rt;Tt
cLs
PRIIII rrData points taken for traverserr iT8;tr:rt ;DÀTACIIT(Tt)
GOSUB 830 t get one traverse worttr of data.I NOW HAS ONE TRAVtr*SE OF DATÀ
FOR Hå=I TO 3 tloop through 3 charunels.

SUM:O
IF DÀTACNT(T*)>38I GOTO 330
FþR X=0 TO 2

Eh{DERt = DÀTACÌ{I(Tt)
SUM=DATA,PTS ( E¡TDERI-X, HI ) +sUM

NE)CI X
rThe above x driven loop gets last 3 pts of traverse for D.C.roffset, purposes.
SUM=SIII'73 rÀverage D.C. offset.
FOR Q8=f To DATÀcn¡T(Tt)

DAÞDATASTS (Q8,Ht) 'cET DATAPTS
DAFDAT-SUM I CIRRECT DC OFFSET
DAFDÀT/CÀLIB (H8 )
DÀrAgIs (Q*,ut¡ =DAT

M)rr Qt
PRIIIT trçX¡çr¡¡'¡f,L,,iHtitr EDITEDTT

NEXT Ht rNext channel.
REX{ Àt this point one complete traverse has been edited.
PRINT:PRI]ITIIFILE: rrN$rr T!ìAVEXìSE I'Tt rrHÄs NOW BEEN EDIÎED tt:

PRIN|TTNOI{ FINDING CPX,ETC. rr :PRIMI
GO{IO 1050 : I BIþCK 2

70
80
90
100
110
L20
130
140
150
160
170
180
190
200
2LO
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
4r0
420

430
440
450
460
470
480
490
500

** * rr * BI¡CK I SUBROII|fNES IOIJ.OI^I * ** ** ** *** * * :t ** * * **

****suBIìourTINE TO READ rN CÀL[B(I) FÀeIOR^S F'ROM CAIROSS ********
REM
PRIIIT rrPlease enter cali-bration disk Ínto drÍve B.rl
INPUT "Strike IENTER] when ready...rr,CRAPt



5I0
520
\.ill. t
530
540
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PRINI:FILES rrB'*.*rr
PRIMI:INPUT tt5¡r.FlCT FILE (wit¡out, filenarne e>ctension ASSUI¿ÍES NO rR

CAL$
CAL$:rB¡rt+CÀL$ +rr ReÀr.rr |E¡{SURES CAIROSS FILES ONLY USED
OPEI¡ CAL$ FþR INPUT ÀS #I

550 CI,S:PRINT ''CJ\LIBRI\TION FACTOR^S READ FROM FII,EII:PRTNT
560 FÐR I=1 TO 9
57O rNPr.n#I, CÀLIB(r)
s8o PRrMr cALrB(r)
590 NE}CT T
600 INPtIt "CO¡¡TfNUE [{ITH EDIT (Y/N) ";ÀNS$610 IF ANS$:rrNrr OR Alls$,=rrnrr TIIE¡I END
620 Cr¡SE#r
630 RETURN
640 |

650 |

660 'SUBROUTINE IS USED TO GET THE TRÀ\IER.SE COUNTER^S.
670 OPEN F$ ÀS #I LEX.I=768
680 FIELD #r,rgZ ¿9 A$,192 AS 8s,192 ÀS C$,192 AS D$
690 REC=49 rlast record contains desired data.
7OO cET #I,REC rRead data.
7IO FOR f=l TO 96
72O K:I*2-1
730 DATACIIT(I)=Cr¡r(MID$(À$,K,2))
740 DATACI¡T(I+96)=C\If(MID$(B$,K,2))
75o DATACNT(I+192)=C\II(MID$(c$'K,2) )760 DÀTACì¡T(I+288)=C\II (I'fiD$ (DS,K,2) )
770N8)ff I
780 IDÀTÀCNT NOÌ{ TS PRTMED WITII TRA\IER^SE COUNTERS.
79O rFrLE rS LEFT OPEN, ÀS DATÀ WILL BE REÀD rN I'fArN-LrNE.
SOORETURN rBack to mainline.
8IO REMEX{D OF ST'BROT'TTNE
820 |

830RE['{ Subroutine for reading unedited data.
840 IFTI,E IS ALREADY OPEN.
950 |

860 FOR CIIS=I TO 3 rloop ttrrough 3 channels.
87OREC= (cHt+ (T8-I) *g¡
88ocET #t,nnc
B9OPRINT CÍIS; t' REÀD. . rr

900FOR I=I TO 96
91OK=I*2-1
92oDATAPTS ( I, CH?) :CX/I (MrD$ (À$, K, 2 ) )
93ODATÀH|S (I+96 

' 
CHt):CX/f (ì'ÍIDS (

g4ODATAIITS (I+192, ffi8) =Cx/I (MID$
gSODATAPIS (I+288, ffit) =CIII (MID$
960N8>$ r
970FOR ï=1 fO 384
980 IF DATAIITS (I,CH&) > 32767 TrIEN DATAI{rS (I,CH8)-DÀTAI{IS (I,CHu )-65536!
99ONEXT I
1000NEXT cH8
loloPRINT TTTTIU\VER.SE It iT?' rr RRÀDrr
IO2ORIfURN I Back to mainline.
1O3O REMEND OF SUBROT.IIfINE
1040 |

B$, K' 2
(C$, K,
(D$, K,

))
2)',)
2)',)
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1050 | ******* m¡D oF BISCK I (EDITTNG SECTION) **************
1060 |

1070 | ****** sl'AI{I BI¡CK 2 *********
1080 VTHRESH=IO: rlO LBS. ¡[tN. BEFORE CPX,EEC. CÀIfUIÀTED
L090 TBASE=92.5: rBÀSE WIIIIH INCHES
11OO IMTGTÍT=4S.6: IPERPE}¡DICUIÄR }TETGHT ÀT APEX
1110 | RoTJtrNE TO FIND CpX,ETe. FþLI¡!{S
1120 FoR Qt=l To DÀTACI{T(Tt)
1t3o vsttM(Qt) =DATAI{IS (Qt, r¡ +DATAPIS (QZ ,2) +DATAPTS (e3,3 )1140 ITOIJ.OI^IING IS NEEDED TþR IDENTIFYING H.STRTKES
1150 rfollowing finds CPX,FCPX
1160 tthe alternate formulas for determing CpX,Cpy

are conmented out
1170 NUMI=(DATASIS(Q*,2¡+2¡kDATAI{rS(0t,3))*TBASE/2
1180 CPX(Qt):NUMI/VSIM(O8) :rinches -Iargest value 92.5
1190 rcp:eg at NE cornerrincreases going west
1200 'following finds Cpy,FCpy
1210 NUM2=DATAPIS (et,2 ) *lælCnf
I22O CPY(Q*)=NUM2/VS[M(Ot) : rinctres-Iargest value is 45.6
1230 ,cp)r=O at N siderincreases going south
r24O NEXT Q8
1250 I },ÍATN MENU FOLTOWS
1260 PRlNT"sELEqf ONE oF: (1) DATÀ PRINTOUT (2) pEcK

(3) SCREEN pRnflrÐrrT (4) GET NEW TRAVE
RSE (5) GET NEI^I FILE rr

I27O INPUr CD$
1280 IF CDç=ttlrr TfiEhI CIS:GOTO 1340: I PRTNT ROII¡INE
1290 IF CDç:tt4rr THBiI CIS:fNPUTttgpr,IlCT TRÀVERSE NO. rr;Tt:

CÐTO 2OO : INEÍ{ TRA\¡ERSE
1300 IF CD$=ttsrr THII{ CLS:T|=0:CIþSE#I: GO{¡6 100 : fNEW F1LE
1310 IF CDç=tt2rr nIIEtiI CI-S:GOTQ 1460 : IPECK PIOT
1320 IF CD$=tt3rr THEtiI GOIIO 1880: TSCREpiI P¡¿IIIT
1330 GOTO 1260: rfRAp
1340 | PRINT ROUTINE FþütOWS't************************************
1350 BEEP:INPUTTT PRESS RHFURN fF PRI¡¡TER IS READyr,pOOpg
1360 LPRINI rrFILnIÀÌfE' rrN$rr TRÀVEF*SE NO: IITt:LPRINI
1370 LPRtI\¡lfrrPT VSUM CPX Cpy rr

1380 FOR Q8=1 TO DÀTACNT(T*) : |USE DATAC¡¡T IÀTER
1390 LPRINT et TÀB(6) ;:LpRINr USING,, ###. ##,';VSUM(et) ,cpx(et) ,cpy(e?)1400 *o Q*
14IO LPRINT: LPRTNT:LPRINT
I42O CI,S
].430 GOTO 1260 : I MATN MENU
L44O I EbTD OF PRT}TTOUT SEqTION
1450 |

14 6 0 | PECK ROUTIINE FOLLOI^]S * * * * ** * * * * * rr * Jr Jú * * * * * * * * * * * * * * * * * * *
L47O INPUTilSELEqT (r)C/W BACKGROUND (2)POINTS ONLY r,pSE
1480 IF PSE<>I ÀND PSE<>2 THEII L470: rfRAP
1490 BEEP:INPI.]T"PRESS RETURN IF PLO{flIER IS REI\DYTTTPOOP$
1500 IF PSE=2 THEII PRINT f3,|'IN;IP 1150 1825 9150 5825tSC 0.000 92.50 0.00
0 45. 60;SPI;rr :GOTO 1790
1510 PRIIIT f 3rrrIN;SCO,9999 tO,9999 iSPl;'l
1520 PRTNT f3,ilp'¡tt;+CrIR$(1);t"Dr 0rI;PU 0r2000;LB FIL,ENAIÍE:r';N$+CHR$(t);";

I53O IF AI;READYREAFI THNT GOTO 1600
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1540 DAlÀ 78.375 t6.8756r24.25,18.5r50.75,3O.75l-550 FOR À=1 TO 3
1560 READ XrY
1570 DOT(A, 1) =X: DOæ (4,2):Y
T58O NE}ff A
I59O AIREADYRE.A,ÞI
1600 PRINT #3,rrDI 0 1;',
1610 PRI¡{T #3,rrINiIP II50 1825 9150 5825rSC O.OOO 8.OOO O.OOO 4.ooo;Sp I;p
A 0 O'PD I 0;PÀ 4 4 o o;PU 0.5 3tPD r.5 3;PU r 3.5tpD 1 2.sìr .r DRÀws îRrA
NGI,E
1620 pRr¡¡r f;3, rr¡4'r t+CtIR$ (I) i il i tt
1630
1640
1650
I660
1670

PRT}¡T
PRT}TT
PRT}¡T
PRT¡¡T
PRTNT

NEXT I
I¡CATE 23
ZZ$=¡¡ç¡9"
CLS

#3,
#3,
#3,
#3,
#3'

rrDf 0rl;PU I 2.25iLB N";+CHR$(t);',;,'rrDI 0,1;PU I 3.5tLB S'¡;+CHR$(1) i,';,,rrDI 0,liPU O.4 2.875;LB E";+CHR$(1);',;,,rrDI 0,liPu l.65 2.875ìLB Wrr;+CHR$(1);";"
IiSC 0.000 92.50 0.000 45.60;r'

2O:PRIMTII STRIKE ÀNY KEY TÐ CO}¡TTINUEII
tIF ZZ$=rrrr TI{Aq 1980

1680 PRIIIT:fNPtIfrr HOW MÄNy DO4IS DO YOU I4IA}ì1I PI3T[ED:il,TOTDOæ
].690 PRTNT:TNPUTII HOW MANY NON-STAITDARD DOTS ARE INCII,DED IN THIS T.OTALII,E
XTRÀ
1700 IF EXTRÀ:O ÍIiEX.I 1750
1710 FOR A:4 TO Ð(TRA+3
L72O PRIN[:fNPUtrr ENIffi, - XrY - COORÐINATES OF EXTRÀ POINT: rr,DCrI(ÀrI),
DO{I(A,2 )
1730 PRINTTTTTHE NUMBR. NOW ASSOCIATED WITI{ THfS DOI IS: rr;À
L74O NEXT A
L750 FOR f=l- TO TOTDO{I
1760 PRINI: INP[IfrrDO1t Nti¡{BER ?rr rDOltNUMI77O PRINT #3rrrPU tt;DOT(DOTîIIIM,I) i" rriDOT(DOTNUMT2);ttiCI .5;LB tt'STR$(DO
fNIff) +C¡IR$ (t) ;r' irl
1780 NEXT I
I79o FoR J=I To DATACI{T(Tt)
1800 X=CPX(J) :Y:CPY(J)
1810 IF VSUM(J)<IO OR (Y:0) OR (X:0) THE¡I cOæO 1830: TDONTT IINRELIÀBLES
1820 PRINI #3rt,PU;PÀ tt;[;tr rr,.!;rriPD;rl
I83O NEXT J
1840 PRIIIT #3rilPUiSPl;PU 0r0irl
1850 CI^S
1860 GOTO L26Oz rl,fÀtN MENU
1870 |

1880 | SCREEN PRINTOUT fi)LIOI^IS ****rr***************tr****túJú*:t**
1890 CLS:PRIIIT rrNO.rrrrr VSUI{rrrrr CPXrrrrr CPYrr
1900 FoR I=I To DATÀCslT(Tt)
1910 PRINr T,VSUM(I),CpX(I),Cpy(I)
1920 IF T<> 20 A}¡D I<>40 A}TD I<>60 AND I<>80 AND I<>TOO THEN 1960
1930 IOCÀTE 23,2O:PRlNilr PAUSE (SIF,IKE ÀNY KET TO CONTINIIE)|'
I94O X$=fNI(Ey$:IF X$:rrtt THEN 1940
1950 CLS: rIrCÀTE ?3,ZO:PRIIIT rr rr

1960
L970
L980
1990

,
s

2000 cO[O 1260: |MAIN MENU
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t0 r!!!!!!!!!!!! srAItr oF EDrr Br¡cK I il!t!ttt!!!!!!!!!!!!
15 ITHTS PROGRÄM WÀS FþRMTRLY CALLED PSEP1TO
20 COI¡R Or7 : TREVERSES SCREEN
30 CI.S: PRINT II MAKE ST]RE PIOTTER IS TURNED ONII
40 OPEN rrCOM2 :24OO,S,7 rlrRsrCSrDS32000rCDilÀS#350 DrM DATÀrrS (384 t8) ,C(8) ,STRTKE(5) ,Hrr(4,10) ,VSUM(384) ,CpX(384) , Cpy(384)
, vcpx(384),vcpy(384),RVCP(384),\IA(384),rypE$(6)
60 Drru Ð(Es (32 ),Ð(Es2 (321, H( r0), SDVSUM (384 ), HS (5), FDVSTTM (384 ), ZC (5),

DATACSII ( 10 ), DCOFF ( 9 ), VRT ( 6 ), CALIB ( 9 ), ÀrTF ( 2 0O )70 I FOTTþWTNG READS TN DATÀ USED FOR DRÀ!.NNG ÐGS
80 FþR I=L TO 32: I FOR CPXTETC.PI¡T
e0 REÀD ÐGS (r)
]-OO NE)cT I
1I0 DATA 200, 1700,2650,1700r2650,9900,2650,I'lOO : rvert.forces
120 DÀTA 3140r1700,5100,1700, 4L2O,9900, 4J-2O,1700 : tCpX,Cpy
130 DATA 5590,1700,7550,1700, 6570,9900, 65Z0,IZ00 : tVCpX,VCpy
I40 DÀTA 8039,170019999,I700r9019r9900,9019,1200 : tRVCP,VA
150 FOR I=l TO 24 : rFþR FORCE PI¡{t
160 REÀD Ð(ES2 (r)
170 NE>C[ I
180 DATA 700,L700r3300,1700,3300r9900r3300,1700
190 DATA 37OO,L7OO,6300r1700,5000, 99OO 15000r17002OO DATÀ 6700,1700r9300,L700r8000,9900,9000,1700
2LO GOSUB 720 t subroutine to load in eÀLIB(f) factors
22O I NOT{ HAVE CÀITBRÀTORS
23O fNPUf [Insert desired data disk (unedited) in dríve b.rr,Ct
24O PRINI:PRINT rrAvailabÌe files: rl

25O PRTNT: FII,ES IIB. *. *II
260 PRINI:INPIE rrDesired data file ,,,E$
27O F$:ttg' ttaEç rEnsure drive B.
280 IF Tt:O TIIEI,¡ GOST B 890 : tGet traverse counters ONLY ONCE PR FILE
29O INPUTIISELEqT TRA\ÆRSE II,T8
300 PRINI rrData ¡rcints taken for traverserr;Tte rr3rre DATACS¡II (Tt)
310 GOSUB 1030 , get one traverse worth of data.
32O PRINTIISELE T T}IE FIRST OR IÀST THREE DATAI{TS FOR D.C.OFFSET CIRRECTION

INPUr ', (F) (t) il,LDCOFF$
IF LDCOFF$<>tt¡tt¡¡O LDCOFF$<>rrfrrA¡[D LDCOFF$<>rrLrrrU{D LDCOFF$<>rrlrr TI{n{ 3

I conunence edit
FOR H8=1 TO 6 : rloop ttrrough 6 channels. 7 & I EDITED IN BIOCK2

SllM=0
IF DATACI{T(Tt)>381 TlmN BEEP:PRlNTtt¡,****** DATACOU}iII>38I :t**********

GCTTþ 470 : ICAIiTNOT CþRRECT FOR OFFSEE
FOR X=0 TO 2

EX{DER8 = DATÀC¡{T(Tt)
fF LDCOFF$:tt¡tt OR LDCOFF$:tt¡tt1'¡ON SUM=DATAPTS (X+1,Hå) +SUM
IF LDCOFF$=tt¡tr OR LDCþFF$:trltrl'¡¡"N SUM=DÀTAPIS (ENDERB-X,HZ) +SUM

NE>Cr X| Ítre above x driven foop gets the first or last 3 pts of traverse for

offset purposes.
SUM=SIII4/3 rÀverage D.C. offset for this channel
FOR Qt=l To DATÀCNT(Tt)-l

DAFDÀTÀSIS(Q8,H8) rcET DATÀr{tS

330
340
30
350
360
370
380
***ll:

390
400
410
420
430
440

D. C.
450
460
470
480
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49O DÀFDAT-SUM ICORRE T DC OFFSET
5OO IF Ht >3 TIIEN @TO 530
s r0 DAFDAT/CÀLTB (Ht)
52O GOTO 620 II¡OP ÀGAIN
530 RH{ entrance point fo M.L. correction
540 IF H8<>4 THEN 560
5s0 rF DAT<o IHEN DAFDAT/CÀIJB(6) EI.SE DAÞDAT/CÀLrB(4)
560 RÐf entrance point for M.L. correction
570 IF Ht<> 5 TIIm{ 590
580 rF DAT<o THEN DAFDAT/CATJB(7) EI,SE DAFDAT/CÀIJB(5)
590 RÐ{ entrance for P.À.
600 IF HT<>6 THEN 620 : INO EDIT OF CHS 7,8
610 rF DAT<o THEN DAÞDAT/CÀIJB(9) Er^sE DAÞDAT/CÀIJB(8)
620 DATAPIS (Qt,Ht) =DAT
630 ** Qt
640 PRII.IT ||CHÀNNEL rriHti[ EDJTEDTT
650 NEICI Ht rNext channel.
660 RH{ At this point one complete traverse has been edÍted.
670 ' N$-lrrDs(r$,3,LEN(F$) ): |FILE NAME USED IN BIOCK 2
680 PRINI:PRIñT TTFII,E rr E$ 'r TRAVERSE rr Tt IIHÀS NO!{ BEEN EDITEDIt
690 PRINT IIPROCEEDING TO BIOqI( 2II
700 GOTO 1250: |BI¡CK 2
7LO I BI¡CK I ST'BROT]TINES FOLTOI^I
72O |****SUBROUI!INE TO READ rN CAIJB(I) FAClTORS FROM CAI;ROSS ***¡r****
73O PRINT rrPlease enter caliþration disk into drive B. rl
74O INPTII rrstrike [ENTERI when ready...rrrCRAPt
75O FILES ilB.*.*ll
760 INPUT rrDesired file (wittrout filenane extension): rr,CAL$
77O CAL$=rrB.il+Cår,$+Í RCALil: TENSURES DRI\IE B:
780 OPEN CAL$ roR rNPrrT AS #1
79O CI^S:PRTNT IICALTBRÀTION FACTOR^S READ FRO¡,Í FIT,NII:PRT}TT
800 FÐR I=1 TO 9
810 INPTJT#I,CALIB(I)
82O PRINT CALÏB(I)
830 NE>ff r
840 INPUT TTCONTINLIE WITII EDIT (Y,/N) rr;Al.IS$
850 IF ANS$=rrNrr OR AlilS$=tr¡tt THI¡¡ END
860 CI¡SE#I
870 RETTJRN
880 |

890 ISUBROUTINE IS USED TO GET TTIE TRA\¡ER.SE COUNTER.S.
900OPE}I F'$ AS #1 LEN=709
910 FrELD #LtL92 ÀS A$,L92 ÀS 8$,192 ÀS C$,192 ÀS D$
92O REC=49 rlast record contains desired data.
930 cET #I,REC rRead data.
94O FOR I:I TCI 10 o I ONLY 6 C0UNIS USED
950 K=I*2-1
e60 DATÀC¡¡T(I):CVl(¡{ID$(A$,K,2))
970NEls r
980 IDATACS¡T NOW TS PRTMED WTTTI TRÀ\IERSE COU}¡TERS.
990 'FII,E IS LEFT OPEN, ÀS DATÀ WILL BE REÀD TN MAIN-LTNE.
1O0ORETURN I Back to ¡nainline.
1O1O REX\TEND OF SUBROUTINE
1020 |

IO3ORESÍ Subroutine for reading unedited data.

Page 2
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1O4O IFILE TS AI;READY OPEN.
I050FOR ClIS=l TO Itloop ttrrough I channels.
I060REC= ( cH*+ (T8-r¡ *s ¡
1070GHr #l,ntrc
1080 PRtl¡T TCHANNEL ilCHtir REÀD. . il
1090FOR I=1 TO 96
1100 K=I*2-I
1110 DATÀr{rS(I,CfIt)=C\rI(}ÆD$(A$,r(,2) )1120 DATAI{IS (I+96,ffit)=CI/I (MID$ (BS,K,2) )1130 DATAI{IS(I+192,ffi*)=C\rr(MIDS(c$,K,2))
1140 DATAI{TS(I+288,ffit)=c\rr(MID$(D$,K,2) )1150 NEXT I
l-160 FOR I=1 TO 384
1170 IF DATAPTS(I,cflt) > 32767 THEN DATAPIS(I,cHt):DATAF{IS(I,cHå)-6ss36!
1180 NEXT I
1190 NEXT CÍI8
12OO PRTNT
1210 RHIURN rBack to mainline.
L22O REI,ÍEND OF SUBRO(ITINE
1230 r!!!!!!!!!!!! Et{D OF EDrT BI¡CK 1!!!!!!!!!!!!!!!!!!!!
l-,240 |

t2s0 'e@eeo@@@Geee srÀRr Br¡cK 2 ee@eee@ee@@@@@@@@@e
1260 VIHRESH=IO: rI0 LBS. MIN. BEFORE CPX,ETC. CÀI,CUIÀIED
l27O TBASE=92.5: |BÀSE VüIUIH INCfmS
1280 IßIGI{I=4S. 6 : T PERPENDICULAR IIEIGHT ÀT APÐ(
I29o SWITCH=2OO: I TIIIS IS ÀBOIJT I LTS ON À/D
1300 H (1) =-. 972262H(2)=.44O2:H (3 ) =-.25667:H(4) =.15497:H(5) :-.O92O24

:H (6) =. 051667 :H(7) =-. 0268 : H(8) =. 01347 : H(9) =-8. 8899988-03 : I FoR D
IG DIFF.
1310 PRIMI:INPUT rrGfVE TRÀ\IER^SE DESCRIPTOR TYPE (e.g.WRLR ) ",TYPE$1320 PRIl,lT:PRtllT rrA FEw l,lOMEllTS PLEASE WHILE I DETERMINE cPXrcPY,ETc.rl
1330 | ROUTINE TO FIND CpXrErC. FþLLOI{S
1340 FoR z=DATAC}{T(T8) To 384 :vsllM(z) =0: CPX(Z) =0 :cpY (z)=o:NElcr:

ICLEAR ÀRR^AY FROM I,A*ST USE
1350 FoR Q8:I TO DATÀct¡T(Tt)
1360 IF DATAI{IS (0t,7) <SwITcff THEN DATÀI{IS (Q* ,t¡=0 ELSE

DATAPIS(Q8,2)=It |PUIS I'S OR 0rS IN SWIÍ'CH CÍ{ANNEL 7
1370 IF DATÀI{IS (0*,8) <SWITCH THEN DATAHIS (Qt, 8)=0 EI-SE

DATAgTS(Qt,g)=tt |PUTS I'S OR 0'S fN SWITCH C11¡NNEL I
1380 VSUM(Q?) =DATAI{IS (Q8, r¡ +DATAPIS (Q* ,Z¡ +DATÀPIS (Qt, e ¡1390 t following is later used for h.s. ident routine using sdvsurn
1400 rF (Q8<20) oR (DATAC$IT(Tt)-Ot) <20 THEN Go{ro 1460 : 'IGNoRE ENDS
1410 FVSUM=DATAI{IS (Q8+I,1) +DATAI{IS (Q8+1,2) +DATÀPIS (Q8+1, 3) : ' FtmJRE SUM
I42o PVSIIM:DATAPIS (Q8-1,1) +DATAI{IS (Q8-1,2) +DATASTS (Qt-I,3) : ' PAST SUM
1430 FDVSUM(Q8)=WSUI{-VSUM(Qt) : TPRESENI FIRST DTFFERENCE
I44O PFDVSUM=VSUM(a8)-F{/SUM: rPÀST FIRST DIFFERENCE
14s0 SDVSUM(Q8) =FDVSt¡t(Qt) -provsUM : I SECOND DIFFERENCE
1460 IF VSUM(at)<¡rnn¡SH TIIEN cPX(Qt)=0:CPY(Qt)=O:VCPX(Q*):0:

vcPY (Qt) :0 :RvcP (Qt) =0 : VÀ (Qt) =0 : GCrrg 1560
L47O TBOARD MUST HA\IE Ir[tN I¡AD BEFORE FINDING CPXTETC.
1480 rfollowing finds CPX
1490 NUMI:(DATAI{IS (Q*,2¡ +2*DÀTAI{[S (Ot' 3) ) *TBÀSE/2
1500 CPX(Qt):NUMVVSIJ}{(A!) :rinches -largest value 92.5
15L0 rcp:eO at NE cornerrincreases going west
1520 'following finds CPY
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1530 NUM2=DATAPIS (Qt,2) *IIEICHI
1540 CPY(Qt)=NUM2/VStfi(At) : rinches-largest value is 45.6
1550 tcp)-O at N siderincreases going south
1s60 Mlrr Qt
1570 | ROUTINE TO FIND VCpK,VCpy,RVCprVA USING F.I.R.DIFF.
I58O I TAKEN FROM ONE-DI¡'Í.DTG.SIGNAL PROC.CHT-TSONG CHEIÍG PAGE 2041590 FþR Z=DATACNI(T*)-20 TO 384:VCPX (Z)=O:VCPY(Z)=O:RVCP(Z):Q¡ NE){[ Z

: ICLEAR,S ARRÀY FROM I,LST USE
1600 FI)R Q8=10 To DÀTAcl{T(Tt)-10
I6t0 VcÐ((qïl=q iYcPI(Ot)=0:RVCP(Qt) =0 : r CLEÄRS ÀRRAys (sTÀ¡{IINc VATUES

:'620 rr vsffi?oi:äi.ffiiÀsn oR vsttu(et+e)<wnRnsg rr{Ew rTro
1630 FþR N=-9 TO 9
1640 IF N:0 TIIEI{ GOIIO 1680
1650 IF N<0 THE¡I CC+H(-N) EISE CC:-H(N) :' SIGNS OPPOSITE OF IN BOOK1660 vcPX (Qt) =VCPx (Qt) +cc*cPx(Qe+N)
t67o VCPY (Qt) =vcpy (Qt) +CC'tcPY (Qt+N)
1680 NE}CI N
1690 VA(Qt) =l8O/3.141s9rtÀT![(vcPY(Qt),/yCPX(Qt) ): , IN DEGREES
1700 RvcP (Qt¡ =50*(VCPX(Qt) ^2+vcPY (Qt) ^z )1710 Mrrr Qt
L72O I ROT.IITINE TO FIND TIEEL STRTKES BASED ON RVCP
1730 J=15
L74O F0R r=20 TO DATAC¡IT(Tt) -r0L7s0 DELTARVCP-RVCP (r+1) -RVCP(r)1760 IF J>=I5 ÀND DELTÀRVCP>=.7 Àl{D (RVCP(I+1)+RVCP(r+2)+RVCP(I+3)+RVCP(
I+4)+ RVCP(I+5))/5>=L THEN pRn¡T "(RVCP) tænr, Sinrrc AT:"iI:J=O
L770 Jd+l
1780 NEICI I
1790 PRTMI
18OO I ROUTINE TO FIND }TEEL STRTKES BÀSED ON \ZERTICÀI, FORCE DM VATTVES
1810 IG].¡f,=!Q: rMIlif OFFSET BETWEEN HEEL STRIKES
1820 FOR Z*=25 TO DÀTÀCNI(T*)-25: 'SKIP FIRST A}TD I,AST PORTIONS
1830 J=f+I
1840 FOR )O(*=0 TO 3:SUM=SLM*RVCP(28+)O(8):NEXT )O(t
IB50 ÀVRVCFSVI'I/4:S[M:0:rF ÀVRVCP < 1.5 TrmN GOTO 1870
1860 rF sDtvsuM(zt) >r. s AND SDVSUM(Z8+I) >r. s AND( (SDVSUM(Zå) +SDVSUM(Z?+I
))/2) >5 AND J>=20 ÎHE¡I PRINT||(FORCE DER.) IßEL STRIKE AT n ZZ:HS
(K) =Zå: K:K+I:J=g
1870 NEXT ZT
1880 INPUTÍFTNTSIIED READTNG HEEI-STRTKES?r,cÀRBAcE$
1890 I MAIN ¡{ENU FOLTOWS
]900 CIS:PRINT ITWORKING I^¡IÍI{ DATA IùCR FIIE ttE$tt TRA\ÆRSE rr Tt:PRINT
1910 PRINITTSELECI ONE OF: (1) DÀTA PRINTOIII Q) FORCES PIPI (V,Ì'I/L,P/
A) (3) Pr¡T CPX,ETC. (4) PECK

(s) GET NE9I TRA\IERSE (6) GET NEI^I FrL
Ell
1920 PR[]rTr (7) SCREEX'I PRTNTOUT (8) DUMP EXrRÀCTED RECCIRD

1930 CD$:1¡ç¡OY$:fF CD$=tttt 1¡IEN 1930
1940 fF CDç:t'Irr TIlniI GO{[O 2240: I PRINT ROS1TINE
1950 IF CD$:ttsrr TÏIISI fTAFQ:CÐTO 290 : rNEÍt TRA\IERSE
1960 fF CD$=tt6rr THEIiI FrÀeQ:T8:0:CIpSE#I:GO{¡O 230 : rNEW FIIE
L97O IF CD$=rt7rr THEIiI GC4¡O 6290: TSCREEN PRIMIÐL*
1980 IF CDç-ttBrr THEX.I GO4[O 6500: |DUMP EIGACTED RECORD
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1??0 fF CD$<>rr2rr AND CDg<>t'3r AtiID CDg<¡r4rr TI{EN I93O: rTRAp2000 fF FIÀG=I GOTO Z2OO2010 FIÀc:l
2O2O I SOME PIOT ROTIrINE MUST HA\Æ BEEN SEI,ECTED OR EI,SE A}I TN\/ATJD ANSI^IER2030 PRrNT:PRrNr:rNPUr rrDo You wÀNr ro crvE ¡{E THE TrX{poRÀL EVE¡{TS? (y/N)t'rTE$ :PRINI
2o4o rF TEç-ttNt oR TEg=rr¡, THÐ'I Goro 22oo : rsKrp FoLIowrNG rF N/À
?999 -rF TE$<>rrYrr AIID TE$<>rryrr THÐ.I Go[o ão¡ot,TRÀp2060 IROIITINE To TNPUI TEx'{PoRÀr EvE¡¡Ts FoLToI,üs2o7o PRINI:rNptII;TTNUMBER oF RrcHT IIEEL srRrI(ES='r,.srRrKE(1)2080 PRINr:rNptn;,NUMBER oF I,EFT HEEL srntrcs:,,;émrrålz¡2o9o PRINI:rNpür;TNUMBER oF RrcHT ToE oFFs=";smrl(Elãt\2100 PRrNr:rNpurr*NUMBER oF LEFT ToE oFFs=,,;srnrrc(ì)'2110 FOR S=t TO 42L2O rF STRTKE(S)=O THEI{ c0ro 21902130 FOR Þ1 TO STRIKE(S)2r4o rF s=l THEN PRrI.¡T:pRfN[rrrpr. oF RrcHT ]IEEL srRrKE NLMBER: r.p.' =,r
2150 rF s=;mtiÄidå:3k*,,,r'r. oF LEF' rrEEL srrK' NUMBER: ,,.p.,, -,,.
2160 -, ,=TffiH{fo:kt*r,rrpr. oF *rc'r roE oFF NUMBER: ,,;p;,, =,,.
2r7o rF s=ÏNlffir'Ëi{iú:}**,,,,.r oF LEH' roE oFF NUMBER: ,,.p,,, =,,.
2]-80 NEXr NINPTIT;HIT(4'P)
2190 NEXT S
22OO PRTNT:PRTNI
2^?\9 IF CDç=t'2rr IIIB{ cCr|tO 43gO :TFORCES pIpT
???o fF cDç-tt3rr TI{H{ coTo 24go :'CpX,ETC.pl¡t
??19 IF co$=rr4rr THn{ Goto 3990 :'pECK pr¡æ
224 O I PRINI ROUIINE FþLI¡WS¡k**** ** **** ** ** ** ** ** ** ****** ****** !r*2250 BEEP:INPUT.' pREss RgruRI'I rF PRTIITER rs REÀDyrrpoopg2260 Crs:PRrNr:rNHrr rrsELEqt__oNE_ rrlpnr¡¡'r ALL DATÀ F/L (2)pRrNT SEc.rro
I|_!NI,Y _l ,PD$:IF PDç=rr:.rrrl{EN 2350 ÈÉE IF pDg="2iiTHB{'izeo Er,SE 22602270 I .AE}BRE\rIATED PRTNT OUr ROUTINE2280 PRrNr:rNPtrrrrGrvE ME THE NO.OF ZONES AND Trm ZoNE RÀNGE (No.prs ETTHERSIDE OF CE¡¡TER PT.) ilrNZ,ZR
2290 ON NZ GCrrO 23OO ,23LO,2320,2lZO,Zlao2300 INpUf rcI\IE t{E TI{E ZONE CnNIgn' ,r,ZC(t) :coTo 236023L0 PRINT rrcrv.E ME T[m rrNZ,.:rNpuil zoNE CENTERS n,zc(r) tzc(z):Goro 2360 ,ev\a', 'w¿
2320 PRI¡¡T rrcr\tE ME TI{E 'NZ;:rNpuil zoNE CE}ITERS ,,,hc(r) tzc(2) ,zc(3):GOTO 2360
2330 P}{TIIT rrGr\IE ME Tf{E rrNZ;:rNPur rr zoNE CE¡I'IERS ,r,zc(L) tzc(2),zc(3) |ZC(A) :CCrr"O 2360
2340 PI{INT "cTvE ME THE rrNZi:rNP[rr rr zoNE CENTERS ,r,zc(r) tzc(z),zc(3),zc(A) , zc(s):coro 2360
2350 NZ:l:FIR:I3rÀs=!trffiC$f (Tt)
2360 LpRrMt 'rFrLE[¡ÀI'fE. rEg' tnÀVensn No: rrrårr rypE: r'TypEg

:LPRIMI:LPRTNT
2370 LPRTNI''PT. L R VSUM WL P/A FDVSUM SDVSUM VCPX VCPY RVCP r:LPRIMI
23BO FOR T=1 T0 NZ

?1?9 IF PDç='tlrr THEN 24oO ELSE FIR=ZC(T)-ZR:LÀ^S=ZC(T)+zR24OO FÐR qt= FfR TO LAS
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24l-O LPRIMT Qt TÀ8(6)DÀlAsrS(Qt,Z¡TÀB(r1)DÀTAr{rS(Qt,e¡TÀ8(16)INT(VSUM(Q?
) ) TÀB (22) rNT(DATAsrs (0t,4) +DATÀr4rS (Qt, s) ) TAB(28) rltr (DATAT{rS (Qt, e ¡ )TAB (33) ; :
LPRI¡¡T| UsING'r ###. ##,,;FDVSUM(Qt) ,SDVSUM(Q*) ,VCPX(et) ,vCpy(e&) ,RVCP(et)2420 *rCr Qt
2430 LPRTNT
2440 NEXT T
2450 GOIIO 1890: rlfÀ[N MEI{U
2460 I END OF PRTNTOUT SEqTION
247 O I trtr**********************************lr**********************
2480 r

2490 | CPXTETC. PI¡T ROUIINE ÏOLIPI^IS ****************************
2500 BEEP:INPUITTPRESS RHTURN fF PI¡TTER IS READYTTTPOOPS
2510 PRINI:PRINTTTSELECI: (l-)PIOT vA (2)PIIT SDVSIIM (3)PI.oT NEITHERTT
2520 VAF$=1¡¡¡gyçt IF VAFS:rrrr fÏ{tr]ti¡' 2520
2530 IF VAF$<>rrIrr À¡ID VAF$<> rr2rr AIID VAF$<¡tt3rr fHB{ 25202 rgRÀP
2540 GOSUB 3550: |AXES AI*ID IÀBELS SUBROUTfNE
2550 GOSUB 2590 :IDÀTA PTSTTING ROIITINE
2560 GOTO 1900 : rl{AlN ME}¡U
2570 |

2580 | *************************************************************
2590 I CPX.ETC. DATA PI¡æTING ST'BROUTINE
2600 IPICITS VSUM
2610 Y=1700
2620 PRINI f3rrrP[J;SP2¡P,J 2650 ItiY;rt;PDirl
2630 INCR=82OO/DATACNT (Tt): rtime inten¡al depends on count,
2640 VSCAIiEI= (2650-200) /25O
2650 r'OR I: I TO DATACSII(Tt)
2660 Y=Y*INCR
267O X=2650-VSIM(I) *VscAIEl
2680 PRIIIT #3, rrPA tt;[; rr tt;l; r; tt.
2690 NEICÎ I
2700 rPr¡TS CPX
27lO Y=1700
2720 PRfNI #3,r'PU'SPItPU 4]-,2o tt;l;ttipDirl
27 3 O INCR:8 2 o0/DATACî{T (Tt )
27 40 SCÀI¡EX= (4120-314 O) /92. 5
2750 FOR I: I T0 DATACS¡T(T*)
2760 Y=Y*fNCR
277o X:4120-CPX(I) *SCÀIjEX
2780 PRINT #3rttPA rr;Xirr rr,'!errrrrr
2790 NElm r
2800 |

2810 IPI¡TS CPY
2820 POSI = 65'70
2830 Y=1700
2840 SCALEY=(6570-559O) /45.6
2850 PRTNT #3rrrPU tt;POSIirr rr'Y'r!;PDirl
2860 FOR I:I fO DATAC$IT(T*)
287o Y:Y*8200/DATACI¡T (T*)
2880 X:POSI-CPY (I) *SCÀLEY
2B9O PRINT #3rrrPA rr;X;tr,,;Yittitt;
2900 r

29TO NEXT T
2920 r

2930 | PI_OTS RVCP
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2940 POSI = 9019
2950 Y=I700
2960 SCRVCF2TISCAI;EX
297O PRINT #3rrrPU tt;POSIi,, tr;f;triPDirl
29BO FOR I=1 TO DATACT'II(Tt)
2990 Y=Y+82ÙÙ/DATACNT(Tt)
3000 X=POSI-RVCP(I)*SCRVCP : | 2 xf s value for c¡lx
30I0 PRINI #3rrrPÀ rr'X'rr rr;Y;rrirri
3O2O NEXT T
3030 |

3040 PRINT #3rrrsP 2irr TCHANGE TO PEN T?üO

3050 |

3060 rPr¡Ts vcPx, vcpy, vA oR sDwM oR NErTtmR
3070 POSI = 4L2O
3080 SCX/X:SCAüEX*2
3090 SCVY:SCå,üEY:I2
3100 FOR GR =1 TO 3
311-0 IF VAF$:rr3rr À¡ID GR=3 THEN 3220
3120 Y:I700
3130 PRINI #3rrrPU tt;pQgf;tt rr;Y;rriPD;rt
3140 FOR I=I TO DATÀcb¡T(Tt)
3150 Y=Y*8200/DATACNI(Tt)
3160 IF GR = I THB'I X=POSI-VCPX(I)*SC5¡J(: t2 xts value for cpx
3170 IF GR = 2 THEiI X=POSI-VCPY(I)¡ISCÍ/'Ií: t2 xt s value for cpy
3tB0 IF cR = 3 TfiBil IF \ß,Fg=mlm TrI{E}I X=pOSI_VÀ(I)*(90I9_8O39)/9O

EI-SE IF VÀF$=rrzrr TI{H{ X=POSI-SDVSI]M(I) rr (9019-8 O39) /9O3190 PRtlfT #3r rtPÀ rr r'Xirr tt;f ;tr;tt;
32OO NE}CT I
32I0 POSI=POSÍ+2449.5
3220 NE)CI GR
3230 |

3240 TFOLIOWTNG DRÀWS rE¡,tpORAL IJNES (IF crVEbI ) ON CPX,ETC. prÊr
3250 PRTNT #3r"PU;SPl;PU OrOi,'
3260 IF TEç=trnrr OR TE$=tr¡rt TIIEN GO{IO 3410
3270 PRINI:INPUT''DRAW TH\{PORÀL E\TE¡¡ITS (Y/N) ,.i D3$:IF D3$<¡IIYI' A¡ID D3$<>''y''
AIID D3$<> rrNrr À¡ID D3$<¡tt¡tr THEN GOTO 3270 : |TRAP

3280 IF D3ç=ttNrr OR D3$:tt¡tt THE¡I GC¡¡O 3410
3290 PRINT #3,rrSP 2¡DL 0r1;SI .15 .2;f[Irr;+gHR$(I);";"
3300 FOR S=1 TO 4
3310 IF STRIKE(S)=O ÏHEN GOTO 3380r NEXT STRIKE
3320 FÐR FI TO STRTKE(S)
3330 IF S=1 THEN X=2650-VSCALEI*VSIIM(HIT(1rP) ) :Y=1700+HIT(1,P)'h82OOIDAT
ACNT(Tt):PRINI #3rrrPU ,,ì2775¡u ttiY-l90irriPD;LB RH'r;+CIIR$(1);r';PU tr;)(;tt rr;Y;
tt ;PD 9999 rt;l;triPU;rl
3 340 IF S:2 THEN X=2650-VSCALEI*VSITM(HIT (2 ,P) ) : Y=1700+HIT (2 ,P) *82O0/DAT
ACI¡T(T8):PRINT #3rr,IvU rr2775ìil ttiY-190;r;pD;LB I_,Hil;+CIIR$(1) t,tiPU il;[;il ";Y;tf ;PD 9999 tt;l;rr;PU
3350 IF S:3 T¡IEN X=2650-VSCJ\[EITTVSUM(HIT(3,P) ):Y:1700+HIT(3,P) *Ùzoo/DAT
ÀcNT(Tt):PRINI #3,rrPU rr;2900irr triY-250irr;PD;LB RfOrrt+cflR$(1);"iPU rr;X,'rr ";Y
;ff ;PD 9999 rt;l; tt;P(J;rl
3360 IF S:4 THEN X=2650-VSCÀLE1'IVSUM(HIT(4,P) ) :Y=I700*HIT(4,P)*8200/DAT
ACI¡T(Tå):PRINI #3rrrPU ttî2g}Oìtt tt;Y-250;rr;PD;LB LTO"i+CfIR$(f) ;tt;PIJ tt;[;tt rr;Y

;tt;PD 9999 rriY;rr;PU;rl
337 O NE>CT P
3380 NEI(T S
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3390 PRINT #3r"F{J 0 o;rl
3400 TBEGINNING OF TE¡,ÍPORÀL SHIFT
3410 PRINI:INPUIITTDO YOU WANIIITM SHIFT? tt,V$:IF V$=tt¡rr OR V$:tr¡tt THEN GOTO

3530 EI-SE IF V$<>ttytt AIID V$<>rryrr TI{EN GoTo 3400
3420 PRINI:INPIE'TSOURCE POII{T: rrrSOIIRCE:PRINI:INPTIITTDESTINATION POINT: ",DE
ST
3 4 3 0 INCR=B 2 0 Q/DATAC$IT ( Tt ) : VSCAIiEI= (2 650-20 o) / 25O
3 4 4 O Y= 17 0 O+DEST* INCR : X=2 65 O-VSUM ( SOIIRCE ) ¡IVSCAÏ,EI
3450 PRINI #3rttsPl;LT 6iPU rriXirr rr'Y'rr; PDirl
3460 FoR I=SotlRcE+l TO DATAcI¡r(Tt)
3470 Y=Y*INCR
3480 X=2650-VSUM(I) TTVSCAI;EI
3490 PRINT #3rrrPD tt;Xit' tt;l;rr'tt
3500 NE>C[ I
3510 IEND OF TEX'{PORAL SHIFT
3520 PRINT #3,rrPUiSPl;PU 0r0;rl
3530 RETIJRN
3 54 0 | ************************** **********lr***** ************ ** ******
3550 | AXES ÀND rÀBEr,S SUBROIITINE FOR CPXTETC.
3560 PRIMI $3, rrIN;Sco,9999,O,9999;SPI;rl
357O PRINT #3rt'DT";+CHR$(I) ;" ;DI Or l;PU O,2OOO;LB FfLEhIÀl'IE' rr ;E$+rr TRAVERSE
: il ;srR$ (T8) +rt TYPE: |'+TYPE$+CHR$ 1I) ; r' ; "
3580 PRrNt'fi3,tt¡1'ttt+CIIR$(r);,,iDr OrrtE{t O,8OOO;TYPErrtrYPE$+CI{R$(1);";r'
3590 FþR I= I TCI 32 STEP 4r DRÀI,IS A)(ES
3600 X=INI(ÐGS(I) )
3610 Y:INI(Ð(ES(I+1) )
3620 PRINT f3rttLT;PUrrrXr"rttrYrtt;pþ;tr
3630 X=IllT(ÐcS(I+2) )
3640 Y:IIIT(Ð(ES(I+3) )
3650 Pllj[I.IT #3, ttPÀtt ,Xrt' , rr rY, rr i rl

3660 NEIC| I
3670 |

3680 |DRAI^IS LABELS
3690 PRINT #3rrrDI 0,1;PU TOOTTOOOtLB \¡RTICÀL FORCEsrrt+CHR$(f)
3700 PRI¡¡T #3,rriPU 3180,7000tL8 c.P.x"t+cHR$(1)
3710 PRINr #3,rriPU 5600r7000tL8 C.P.Y.rr;+CHR$(f)
3720 PRINI #3,rriPU 81OO,ToOOtLB RESULTAì¡T VEL. (C.n.)";+CÍIR$(1)
3730 PRfMf #3,rrsP 2¡F{J 338Or7OOo;LB \IEIOCITY C.P.x.rr;+cHR$(f)
3740 PRINr #3, rr ;PU 58OO,7OOOtLB VEI¡CITY C.P.Y. rr;+CIIR$(I)
3750 fF \,e¡rg=ir1rr THEDI PRI]IT #3r,tipU S3OO,TOOOtLB \ÆLOCIrY ANGLE tt;+CHR$(1)

EI,SE IF VAF$=II2II TT{B{ PRTNT #3,IIiPU 83OO,7OOO;LB 2Nd DTFF. VSUM

";+CÍIR$ (1)
3760 PRINT #3 , rrSP L; rr

3770 |

3780 ' FOIJ.OI^IING MARKS SCÀLE VAIjUES ON Ð(ES
3790 I *VERTICAL FORCES 

'K
3800 X=-265O
3810 FOR I=0 TO 250 STEP 50
3820 PI{INT #3,rpu r;[;rr ]OO0;LB'rrsTR$(I)+cHR$(l) ;";rl
3830 ÍF t>Z2S TTIEN GOtO 3890
3840 FÐR J=I TO 5
3850 PRINI #3,rrPU rr'X'rr 1700;PD;XT;rl
3860 X=X-245O/25
3870 NE}CI J
3880 NElm I



3900 | ¡kCPX ¡t
3e1o PRINT #3
e2.s) +cHR$ (r)
3920 PRrNT #3
s.6)+cHR$(r);
3930 PRrNI #3
2.s)+cHR$(r);
3940 PRINT #3
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3890 PRINT #3,rrPU 200 ITOO;PD;XT;rl

,r'pu 5100 850iLB'r ;srR$ (-92.5)+CIIR$(r) ;" tpU 3140 85O,.LB'r ;STR$(
.ll.il

, I'PU 7550 850 i LB'r ; STR$ (-45. 6) +CX{R$ (1) ; " t PU 5590 850 ; rnt' ; StR.$ (¿
ll.il

, rrPU 9999 850iIll" ;STR$ (-92.5)+cÍ{R$ (t) ; " ;PU 8039 850 ;rR't ;STR$ (9
llolt

,'rPu 7550 200;LB /3";+CHR$(r);";PU 5590 200ìT,B /3tt;+CHR$(1);";

3950 PRINI #3,rrPU 5100 200;LB /3"'+CHR$(r);iliPU 3140 200ìL,E /3u;+CIIR$(1) ;,';
3960 RETURN
3970 |

3980 r***********************************************lr*
3990 IPECK ROTJ:TINE
4000 BEEP:INPUI"PRESS RHIURN IF PI¡TIER IS REÀDYTTTPOOP$
4010 PRIIflI f 3, ItIN;SCO 

r 9999 ,O,9999;SPI i rl
4o2O PRINT f3rttpl'tt;+CttR$(1);,,;DI 0r1;PU 0r2000tLB FILENAME:rriE$+rr TRAVERSE
: I'iSTR$ (Tt) +t' TYPE: "+TYPE$+CHR$ (I) i,'i',4030 PRINI #3r,'DT";+CHR$(I);"iDI 0,Ì;PU 0,8000iTllPErr;I¡YPE$+CÍIR$(1);',;"
4O4O PRfNt #3rrrPU 6000 10000;PD 4000 10000i'l
4050 IF LEnf$ (TYPE$,I)=t,w,t oR LEFT$ (TYPE$¡1):tts'tt THE¡.I

PRIì¡T #3rrrPU 4L2O 9880;PD 4000 10000tPD 4120 10120irr EI^SE
PRI]if[ #3,rrPU 5880 9880tPD 6000 10000;PA 5880 l-0I20irr: I DRAWS

ÀRROWHEADS
4060 PRINT #3rrrDl 0 l;',
4O7O PRINT f3,rrIN;fP IL50 1825 9150 5825rSC 0.000 8.000 0.000 4.000;SP I;PA
0 O,'PD I 0;PÀ, 4 4 O O;PU 0.5 3tPD 1.5 3tPU I 3.5tPD I 2.5ìt' or DRÀWS fRfAN

GIE
4080 PRINI #3 .r.il

tt, 
rrDTrr;+cHR$ (1)

4090
4100
4110
41.20
4130

PRTNT
PRINT
PRTNT
PRINT
PRIMT

#3 r rrDr

#3, ilDr
#3 r rrDI
#3, ttDr

#3 r 
rrsc

O,I;PU L 2.25 iLB Nrr;+CÍIR$ (I) i "; "
0,1;PU I 3.siLB S¡r;+CHR$(1);";"
0,1;PU O.4 2.875;LB E";+CHR$(1) ;tt;tt
0r1;PU L.65 2.875tLB I{";+CHR$(1) i'ri'l
0.000 92.5O 0.000 45.60ir1

4l.4O FOR J=I To DATACNI(T8)
4150 X=CPX(J) :Y=CPY(J)
4160 IF (Y=0) OR (X=0) THEI{ cCrr0 4180: rDONrl PIO'T ZEROS
4L7O PRI¡¡II #3rrrPU,'PA tt;[;tt tr;l;ttiPDirt
4180 NE)ff J
4190 PRrNt #3,ilDFiDltr;*Cf,IR$(1);il;DI O,I;PU 1030 1825;LB O,0rr;+CIIR$(t);";pU
927O 1825 ìT,B 92.5,0";+C¡IR$(1) ;";PU 5150 5945;LB 46.25,45.6rr'+CHR$(f );tt;p[J;tr
42OO PRINT #3,rrP[J;SPt;PU 0,0;"
42LO I PIO{TS IIEEL STRIKES & TOE OFFS ON PECK
4220 IF TE$=rrnrr OR nE$=rt¡rt THEbI CÐIO 4370
4230 PRINr:TNPUT"DRÀI{ TnÍPORÀL E[rEt¡IrS ON PECK (Y/N) "ì D$:rF D$<¡t'ytt ÀND D$
<>rryrr AIJD D$<>rrNrr A¡ID D$<>rrnrr T1l{n{ Gclllo 4230
4240 IF (D$=tt¡tt OR D$=tt¡tt¡ OR (T$$<>ttyrr AND TE$<>ttyt') THEN GOTO 4370
4250 PRIIIT f3,"IN;IP 1150 1825 9150 5825;SC 0.000 92.50 0.000 45.60;r'
4260 PRINT #3r'rSP 2¡Dt 0,I;flfrr;+CHR$(1) ;"i"
4270 FCIR S=1 TO 4
42Bo IF STRIKE(S)=0 THEN GoTo 4350
4290 FOR Fl TO STRIKE(S)
43Oo fF S=1 THEN X:CPX(HIT(IIP) ):Y=CPY(HIf (1rP) ):PRIMP #3,rrPU tr;[;tt rr;Y
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*1;rr;pD il iX;rr trry+6ril iLB R[I'';+CHR$(I) rrt;rt
4310 rF S=2 THEN X:CPX(IfiT(2rP)):Y=CPY(HIT(2,P)):PRfNf #3,rrPU rr'x'rr rr;Y

-I;rr;pD rriXirr tt;y-6;rr;pU rr.X.rr tt;Y-IO;rr;PDiLB LHrrr.+CHR$(l),.tt;tt
4320 IF S=3 THEII X=CPX(HIT(3rP) ):Y=CPY(HIT(3,P) ):PRfNI #3,rrPU rr'X;rr rr;Y
*1;rr,.pD il i)(;rr ilty+3til;LB RÍo'l ;+cHR$(I) ;tt;tt
4330 IF S=4 THEII X:CPX(HIT(4,P) ):Y:CPY(HIT(4,P) ):PRINT #3,rrPU rr;v;tt tt;Y
-I;il.pD rt ;Xirr rr;y-3iil,.pU tt;[;tt il;y-g;[;LB LTOil;+CHR$(l) ;tt;tt
4340 NE)C| P
4350 NEICI S
4360 PRIIÛT f3,rrPU;SPl,'PU 0,Oi"
4370 GOTO 1910: |MAIN MB{U
4380 t F,ORCES PI¡T FOLLOWS *************rú***************************
4390 INI'TJT'ISEI,ECT (I) ALL FORCES PI¡T (21 \IEI{TICÀL ONLY PIÆI II;PFIÀG
44OO IF PFLAG<>I AND PFIÀG<>2 TfnEN 4390: |TRÀP
4410 BEEP:INPIII"If tJle plotter is ready press IEIITERI key ";Z$
4420 PRINI $3,rrfN;SCO,9999,O t9999;SPlirl
4430 PRINI #3,..*.,;+CHR$(I) ;,. ;DI O,IiPU O,2OOO;LB FILE}IAI{E. II;E$+II TRÀVERSE
: n,.sTR$ (T8) +tt wPE: tt.r-Typ$$+cHR$ (1) ;tt;tt
444O PRiNt' #3 r,,DT,' ;+CHR$ (1) ;,' ;DI O. I: PU TOOT 6000;LB VERTICAL FORCE" ;+CÍIR$ (1
) irr;tt
4450 IF PFI,AG:Z THEN @=8:GOTO 4470 EI-SE QÈ24
4460 PRINT #3, I ipU 37OO,6000;LB ì{EDIO IÀTERÀL FORCESTT;+crIR$ (1) ;', rPU 6700,56
OO;LB ANIERIOR POSTERTOR TþRCES¡I i*CHR$ (I) i " ; "
4470 FOR I= I TO QQ STEP 4 rDRÀI^lS Ð(ES FOR FþRCE PIPT
4480 X=INI(A)(Esz (I) )
44eo Y=INI(Ð(ES2 (I+1) )4500 PRINI #3, rrLT;PUrl
4510 X:INI(Ð(ES2 (I+2)
4520 Y:INI(^NGS2 (I+3)
4530 PRI}|T[ #3rrrPArriX
4540 NE)CT I

Xr lt r lt rYr ll IPD; ll

il il.Yill.il.

4550 | *VERTICÀL FORCES ******************* MAKES TfCK MARICS

4560 X:3300
4570 FþR I=0 TO 250 STEP 50
4580 PRrNr #3,ilPU tt;[;tr 1000rL8";STR$(r)+cx{R$(l) ir';"
4590 IF I>225 THEN GOTO 4650
4600 FOR J=l TO 5
4610 PRIIIT #3, rrPU rr;[; tt 1700;PD;X|;rl
4620 X=X- (33Oo-7ool /25
4630 NE)ff J
4640 NEXT I
4650 PRINI #3 r "8{J 700 1700;PD;XT;rl
4660 IF PFIÀG:2 THEN 4830
4670 I * MEDIO IÀTERAL *
4680 X=6300
4690 PRINT #3,"PtJ 63OO IOO0;LBrr;STR$(-40)+CttR$(1);";PU 3700 1000;LB";STR$(4
0)+cHR$ (1) ; ";'l
47OO FRjNT #3,,,*";+CHR$(r);,';Dr O,r;PU OTSOOO'TYPETTTTYPE$+CHR$(1) trr;rl
47IO FOR I=0 TO 16
4720 PRINT #3, rrPU tt;[; tt 1700;PD;Xr ; tt

4730 X=X-(6300-370O)/16 : |MARI(S EVERY 10 LBS.
47 40 NEICI r
4750 I * A}¡TERIOR POSTERIOR It

4760 X:9300
477o mfm #3,rrPU 93Oo 1000;LB";STR$(-40)+cx{R$(1);";PU 6700 looo;LB";STR$(4

,
)
)
,
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o) +cf{R$ (I) ; "; "
4780 FþR f:0 TO 16
4790 PRI¡¡T #3,rrPU tt;[;tt 1700;PD;XT;rl
4800 X:X-(9300-670O)/16 : rl"fARIGS EVERY 10 LBS.
4810 NÐCt I
4820 |

4830 I PI¡{nIING ROTITINE FOR FORCE
4840 Y=1700
4850 PRINT f 3 r 

trPU;SP2;PtJ 3300r,t rYr,,iPD; rl

4 860 INCR=82OO/DATACNT (Tt)
487 O VSCå,liE2= ( 3300-7001 / 25o
4880 F\)R I: I TO DATÀCNI(Tt)-1
4890 Y=Y*INCR
4900 X:33OO-VSUM(I)TIVSCALE2
4910 PRIMI #3rrrPA rr'X'rr rr;l;rrr'rr;
4920 NÐCt I
4930 IF PFrÀc:2 THEN 5080
4940 |

4950 POSI = 5000
4960 FOR GR:2 TO 3
497O Y=1700
4980 SC$[LPA= (5000-370o) / 40
4990 PRINT #3 r',Iryrl, POSI rrr ,rr ,Y, rr;pþ; rr

5000 FþR I=I TO DÀTAOII(Tt)
50L0 Y:Y*INCR
5020 IF cR = 2 THÐiI X:POSI-(DÀTAPIS(I,a)+DATAPTS(f ,5) )*SOn,pa5030 IF GR = 3 THBiI X=POSI-DATÀPIS(I,6)*SCMLPÀ
5040 PRINI #3rrrPA tt;[;tt tr;11;ttrtto
5050 NÐCt I
5060 POSI=POSI+3000
5O7O NE}CT GR
5080 PRINT #3r||PU,.SPI;PU 0r0irl
5090 TFOLIOWING DRÀT{S TE¡,ÍPORAL IJ¡IES (IF GMN ) ON FORgE pIþT
5100 IF TE$:rtnrr OR Tþ$=tt¡tt I1IEI{ GCr¡g 5240
5110 PRIMI:INPUTilDRÀI^I TEI'{PORÄL E\IE¡IIS (Y/N) rri D3$:IF D3$<¡rty't A]ID D3$<>'ry"
AllD D3$<> rrNrr À¡lD D3$<>tt¡tt THE¡{ GOTO 5lI0 : TTRAP

5120 IF D3$=ttNm OR D3$=tt¡tt TI{E¡I GOTO 5240
5130 PRINII' #3rilDr 0r1;SI .15 .2iD1Irt+CfIR$(1) i,r;',
5140 FOR S=I TO 4
5150 IF STRIKE(S)=O THEN eÐTO 522Or NEXT SfRtKE
s160 FOR FI TO STRTKE(S)
5170 IF S=l TfmN X=3300-VSCALE2:IVSUM(HIT(1IP) ) :Y=1700+HIT(1,P) t 8200/DAT
AC1¡T(T8):PRrNr #3rrpu t,ì3425rr iliY-190iil;pDiLB RHil;*CHR$(1);";pU il.X-r 'r;Y;
rr ;PD 9999 rr 'Y' rr ;PU; rl

5180 IF S=2 THEN X=33OO-VSCALE2*VSUM(HIT(2,P) ):Y:1700+HI1(2,P),\82O0/DAT
Acs¡T(Tå):PRI¡¡T #3rrrPU tt¡3425ìtt tt;Y-190irr;PD;r'n LHrr;+ctIR$(1);rt;PU tt;¡;tt tt;Yr'
rr ;PD 9999 rr ,'Y,' rr ;PUi rl

5190 IF S:3 TfmN X=3300-VSCÀLE2TTVSUM(HIT(3,P) ):Y:1700+HIT(3,P) ],9ZOO/DA'I
Acl{T(Tt):PRIMI #3rrrPu tt;3550irr tt;f-250ir';PD;LB RTorr;+CIIR$(1) ;t';PU ";Xir' rr;Y

;fr;PD 9999 tt;l; rt iPUi I
52OO IF S=4 TfmN X=3300-VSCAIiE2*VSUM(HIT(4,P) ) :Y=1700*HÍT(4,P) *8200/DAT
Àcs{lt(Tå):PRfNt #3,rrPU rr;355Oirr rt;Y-250;rr;PD;LB LTo'r;+cÍIR$(f);tt;p[J rr;[;rr rr;Y

;ff ;PD 9999 tr;l; tt;PU; tt

5210 NE)ff P
5220 NEICI S
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5230 PRINT #3,rrPU 0 0;rl
5240 CI-S:INPUT ttSgr,ECI (T)TE{PORAt SHIFT (F)FRACIIONAL SPLIT (M) MAIN ME

NU il, Dr$
5250 IF DI$=rrTrr OR Dl$=tt¿tt THEII 5260 ELSE fF DI$=ttFrr OR DI$=rr¡" TIIEN 5970

EIJSE IF DI$=ttMrr OR Dl$=tt¡tt TIIm¡ 1890 ELSE 5240
5260 ' BEGINNING OF TE¡,IPORÀL VSUM SHIFT
5270 'ROI.TTTNE TO SHTFT O\/ER TRAILING EDGE
S2BO pRIltTI:INpI¡:I'TSOURCE POINT (IIS) t';SHS:PRINI:INPUT"DESTINATION POINT (HS)

ll r'DHS
52go PRINI:FRINPTDELTA IIs (VSUM(DIIS)-VSIIM(sHS))= "vsttM(DHs)-VSUM(sHS)
53OO PRINI:PRINflTDO YOU WISH TO ADJUST THE SCÀLE TO MATCH VÀËUES (Y/N)?rr
5310 FFA$=1¡'¡1gy$:IF FFÀ$=rrtt TIIEN 5310
5320 IF FFÀ$<>rryrr AIID FFÀ$<>rtYrr ÀND FFÀ$<>trNrr AlilD FFA$<>ttnrr TI{EN 5310:rfRÀP
5330 IF FFÀ$:ilyrr OR FFA$:ttytt TIIEX'I FSC:VSUM(DHS)/VSI]M(SHS) ELSE FSC:I
5 3 4 o INCR=B 2 0 Q/DATAC}|IT ( Tt ) : VSCÀIrE]= ( 3 3 0 0-7 Oo) / zso
5 3 5 0 Y= 17 0 O+DHS ¡IINCR : X=3 3 0 0 -VSUM ( SHS ) ¡kVSCÀLE2 ¡IFSC

5360 PRINI #3'rrsPl;LT 6iPU rr;Xirr tt;l;tr;PD;rl
5370 FOR I:SHS+I TO SIIS+20
5380 Y=Y*INCR
5390 X=3300-VSttM(I) IkVSCALE2*FSC
5400 PRIì¡T #3rttPD tt;[;tt rt;l;tr;tt
5410 NE)C[ I
5420 IF PFIÀG=2 THEN 5580
5430 ' FOLIOWTNG FþR TEn'fP SHIFT ON lvL ÀND P/A
5 4 4 O Y= 17 0 O*DEST* INCR : X=5 0 0 0- ( DATAPIS ( SOURCE, 4 ) +DATAPIS ( SOIIRCE, 5 ) ) * SCIC;pe
5450 PRfNf #3rrrPU rr;[;tt tt;f;rt;PDirl
5460 FOR I:SOIJRCE+I TO DATAC$II(Tt)
5470 Y=Y+INCR
5480 X=5000- (DATAPTS (I, 4 ) +DATASIS (I, 5) ) *SC${LPA
5490 PRTNT #3rrrPD tt;[;tt tt;l;tr;tt
55OO NE>CT I
5 5 I O Y= 17 0 O*DEST¡I INCR : X=8 0 0 O-DATÀPIS ( SOIjRCE' 6 ) *SC¡n pe
5520 PRINT #3rrrPU tt;[;tt tt;l;ttiPD;tr
5530 FOR I:SOURCE+I TO DATACNT(T8)
5540 Y:Y*INCR
5550 X=8000-DATÀPIS(I' 6) *SCMLPÀ
5560 PRINT #3 r rtPD rr;[; tt tr;l; tt; tt
5570 NE)CT I
5580 'ROT.IITINE TO SUHTRACTTVELY DETERMTNE AND PTPT LEADING EDGE OTHER FOOT

5 59 O INCR=8 2 0 O/DATACS¡T ( Tt ) : VscÀl;Ef, = ( 3 3 0 0-7 o O) / 25O
5 6 O O Y: 17 0 o*DHS * INCR : X= 3 3 0 0 - ( VSUM ( DIIS ) *VSCA,I;E 2 -VStlM ( SHS ) *VS Cå'LE 2'k FS C )

5610 PRINI #3'rrsPLtLT 6;PU rr;X;rr tt;t;tt;PDirl
5620 FOR I:1 TO 20
5630 Y=Y+INCR
5640 X=3300- (VSUM(DHS+I) :ty5qAffiz-VSIIM(SHS+I) *VSCALE2*FSC)

5650 PRINT #3, IIPD tr ;[; tr tt ;l; tt; tr

5660 NEICr r
567 O PRI¡¡T fl3 r ttPU;SPl-;PU 0, 0,'LTi rl

5680 PRINT:INPUTTTDO YOU I^IANT A FÐRWARD SHIFT OF LEAD FOOT " 't;V$:IF V$=tt¡tt
oR v$:rr¡rr T[mN GoTo 5g4o ELSE IF V$<>ttYrr ÀI.ID v$<>ttytt THEN GOTO 5680
5690 pRINI:INPUT"SOURCE POINT (TOE-OFF) ";STOFF:PRIliT:INPIIITTDESTINATION POI

NT (TOE-OFF) rr;üIOFF
57oo PRI}¡II: PRIÑT''DELTA TOFF (VSUM(UTOFF)-VSUM(STOFF) ) = ''VSUM(D[OFF) 

.VSITM(ST

oFF)
5710 PRINI:PRIMITTDO YOU WrSH TO ÀÀTUST TIIE SCÀLE TO MATCH VALUES (Y/N)?rr
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5720 FFÀ$=11ç¡gY$:fF FFÀ$=tttt TSEN 5720
5730 IF FFA$<>rryrr À¡ID FFÀ$<>ttYrr Ali[D FFA$<¡tt¡rr tr}{þ FFAg<>ttnrr TI{EN S72Oz rTRÄp

2719 I-I lra$=rryil oR FFA$=t'vtt r¡IE¡¡ FSC2=vsuM(uIoFF)/vsuM(sroFF) Er,sE FSC2=I
2729 INCR=8 2 0 o/DATÀCNT (Tt ) : vscALE2= ( 3 3 0 O- 7 o o) / 2so'
5760 I PIPTS LEADING EDGE TN NEW IOCATION
57 7 o Y= 17 0 O+DltoFF't INCR : x=3 3 0 0 -vslrM ( sroFF ) *vscAr,E2 ¡rFSc2
5780 FRfNt #3rrtSPl;LT 6;PU tt;[;tt rr;YirriPb;tt
5790 FOR f=I TO 20 : 'PMS BACKWARDS
5800 Y=Y-INCR:'BACKüIARDS
5810 X=330O-VSUM(STOFF-I)*VSeÀIjE2*FSC2
5820 PRINT #3, IIPD rr iX; rr tr;t; tr; tr

s830 NEICI I
5840 | PRIIII #3, ilpUiSpt;pU O, 0 iLTi rl

5850 I FOI,IOWING SUETRÀCITVELY DETERMTNES A}TD PT¡TS TFIE TRATLTNG EDGE
5860 Y=1700*D1IþFF*INCR: X=33 0O- (Vst M (D1IþFF) *vscAIE2-vSUM (SToFF) *VSCÀT,n 2*Fscz
)
5870 PRIMI #3rttSPl;LT 6;PU,t;X;,, rr¡Y.rr;PDirl
5880 FOR f=l TO 20 ! rpI¡.TS BÀCI$üÀRDS
5890 Y:Y-INCR: rBACK!{ÀRDS
s90o X=33Oo-_(VIIIM(PæOFF-I) ¡tvScALE2-VsUM(SrorF-r) ¡kVscALE2*FSc2)
5910 PRI¡IT #3, rrPD rr iX; rr tr;t; tt; rr

5920 NEICr T
5930 PRTNT #3,ilEU;SpItpU 0,0iLT;rl
5940 GOTIO 1890 : rtfilfN MEI.IU
5950
5960
5970
5980
5990
6000
6010
6020
E
603 0
6040
6050
6060
6070
6080
6090
6100
6ItO
E
6l,20
6130
6140
6150
6160
6]-70
6180
6190
6200
62IO
6220
6230

IEEEE@EE@E END OF TEMPORÀL SHIFT

I ********* IR,AqITONÀL SPLIT DETERMINATION OF VERT IIICRCES*****I TO BEST UNDERSTÀI{D THE FOTTOWING, SEE IOG NOTES ÀUG 5 E¡¡IIRY
INPUTIIGI\IE ME H.S ÀT.TD TOE OFF TIMES II,ITS,TOF
IIqCPJ(=CPX(HS):TOFCPX=CÐ((T0F): 'CpX ê HS, A¡rD e TOF
TFVCpX=ABS(CPX(HS-2)-CPX(HS-L2D/LOr 'VÈl or cpx FoR rRÀrLrNc Foo{IIÀBO\ZE ÀSSUMES BOTH \IEI¡CITIES AS CONSTÀ}¡T THRU THE DUAL SUPPORT PHAS

LFVCPX=ÀBS(cPx(ToF+I2)-cPX(ToF+2))/ro: r\rEL oF cpx FoR LEAD Foo{t
ïNCR=8 2 0 O/DATÀCî¡T ( Tt ) : VscÀLE2: ( 3 3 O O- 7 O O) / 2 S OIROUTINE TO PI¡T LEADING EDGE OF LEAD FþOT
Y=I700+HS:IINCR:X=3300 : TSTARTS AT ZERO FORCE
PRI¡¡T #3 r t'SPl;LT 6;PU rr,'X' rr rr.Y. rr iPD;rl
FOR I:IIS+1 TO T\)F

Y:YTINCR
NUM=ABS (CPX(I) -HscPX) -ABS (TFvcPX* (I-HS) ) : 'rHIS Is rA ' oN lry FIGUR

DEIiI=NUM*ÀBS(TOFCPX-CPX(I) )-ÀBs(LFVCPX*(I-Hs) ) : I rBr oN My FIc
RLLFNUM/DEN : 'REIÀTIVE IþADING OF LEAD FOO{r
ALtÞRLLF*VSI'M(I): 'ABSOLI.]ITE IoADING oF TI{E LEAD FooT
ÀLTF(T) =VSUI,T(I) -ÀI;LF:'ÀBSOLTITE I¡AD ON TRÀTLTNG FOOT
X:3300- AüLF*VSCAI;E2
PRIIIT #3rttPD rr'X'rr tt;l;tt;tr

NE}CT I
IROUTTNE TO PI,C|1r TRATLTNG EDGE OF TRATLTMG FOOT
Y=17 OO*HS*INCR : X=3 3 0 O-VSUM (HS ) *VSCÀtiE2
PRfìflf #3rttsPliLT 6iFU rt;)(,'tt rr.Y.rriPD;rl
FOR I=HS+I TO TOF

Y=Y+ïNCR
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6240 X=3300-ÀLTF(I)*VSCÀLE2
6250 PRINT #3rrrPD tt;[;tt tt;l;tt;tt
6260 NEXT I
627O PRINI #3 r "PU;SPl;PU 0,0iLTirl
6280 GOTO I9OO: IMAIN ME¡{U
629 O | * ** ****** ***SCXìEEN PRIMI ROIITINE¡I** ** **
6300 cLS
6310 PRINr TAB(2) rrPT'rrTÀB(9) rrLrrTAB(15¡ ttpttl*(20) 

"VSUMTTTÀII(29) "RVCpttfAR(38)rrs
DVSUMII
6320 FOR Qft=I TO DATAçNT(TS)
6330 IF Q8=t oR (Q\-L)/2o -INT((Qt-r¡/2o))<>0 THEN 6370

: ICITECI(S FOR MT'LTIPLES OF 20
6340 I¡CATE 23,3OzPRIl[flrHIT A]Iy KEY TO COMIINUETT
6350 Z$=INI(EY$:IF Z$=tttr ÍtIEI.I 6350
6360 CI.s
6370 PRI¡¡T TAB(2)QtTÀB(8) DÀTÀI>.IS (Q8,7) TAB(14) DATASTS (Qt,8) ; :

PRINT USTNG"####. ## ";VSUM(Qt) ,RvcP(Qt¡ ,SDVSUM(QA)
6380 NEICr Q8
6390 I¡CATE 22,3O:PRfl,ITrr (H) TO FIND DELTÀ HUMP FORCETT
6400 I¡CÀTE z3,3O:PRlNlrr HIT AI.IY OTHER KEY TO CI)NIINUETT
64LO Z$=INKEY$:IF Z$=rttr SHEN 6410
6420 CIß
6430 IF Z$<¡ttHr AI,ID Z$<¡tt¡tt IHEN 6490
6440 PRINI rrcfvE ME TIIE LA,ST, AI'ID FIRST H.S OF TIIE SAl,lE FOOTTT
6450 INPUr LHS,FIIS
6460 DELT:VSIM (IJIS) -vsUM (FIIS)
6470 PRINT IIDELTÀ HUMP FORCE IS I,AST-FIR^STII
6480 PRINI TTDELTA = TTVSUM(LIIS) tt-t'ytttM(FHS) rr - TTDELT:PRINI:GOTO 6390
6490 GolO 1910: rlfÀ[N MENU
6500 | *******:r RoU|1IINE TO DUMP Elern¡,ernD RECORD TO FILE
6510 CLS
6520 RN$=LEH|$ (E$,6) :RN$=p¡qç+r-il+RfcI{T$ (E$, r) +r.Exil+RrcIrr$ (STR$ (T8) ,1)
6530 | SAtfpLE FILE ìIÀME KM2406-1.8X (yEAR OIIITTED, -Tt, .EX FOR ÐcIRÀCTED)
6540 PRINT I'USE RECORD NAI'ÍE: rrIì¡I$ rr (Y/N)?rt
6550 AIIS=INI(EY$:IF N¡t$=rrrr lI{El{ 6550
6560 IF Àlil$=ttyrt OR Nllç=ttyr THE$¡ 6590 EI^SE fF AN$=ilNr OR l\Ilg-rrnrr THEN 6570

ELSE 6550
6570 INPUr ilcnrE llE Tt{E NEW NÀtfE il,NN$
6580 IOPEN FIT,E ÀI{Ð DUMP I]NDER FILENA}ÍE
6se0,GeeeGGeGGGG@@@ EltD Br¡cK 2e€eeGGe@GeeeGe@
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10 CLS
20 SWITCFI=2OO
30 RN:O
40 DrM DATÀCÌ'¡T(384),DATAI{IS(384,8) ,DCþFF(9),CALDÀTA(384,6) ,VSttM(384) ,

cPx ( 3_8_4 ), cp.Y ( 3 s4 ), vERr ( 6 ), eÀrJB ( 9 ), R}r$ ( 3 0 ), Hsrt l r ô 1, rsz z l r o ), HsrvsuM(3o), HS2VSTJM(3o),DELTÀ(30)50 GosItB 500 | subroutine to road in cALrB(r) factors60 rNPul rrrnsert desired data disk (unedited) in driüe b.',cå7O PRINT:PRTNT
80 PRINI ttAvaíIable files: tt
g0 PRINI: FILES .,8.*.*rr
lOO PRTNT
110 INPUT rrDesired data fite r,rN$
120 F$=rt3¡tta¡ç rgrsure drive B.130 cLs
140 IF T8:0 THEN GOSUB 690 : rGet traverse counters.ONly ONCE pER FILE150 PRINT:fNPUI "SELECII À TRA\IERSE rt;Tt
160 PRIIIT:PRIì¡T ttD.t? points taken for traverserr.Tt.rr-rt;DATACIIT(Tå)170 GOSUB 860 , get one traverse worth of data.180 I NOW HAS ONE TRÀVERSE OF DAlÀ
190 RN=RN*1:RN$(RN)=¡¡$+STR$(T8): I cfVE ÍI{E RECCIRD A NAII{E
2OO I PRrNr:rNPtrl rrsEl,Eqr FIR^ST OR rÀST DÀTÀr{rs FoR D.c. oFFSET CORR. (F/L)tt;FLç
210 |

220
230
240
250
EDII
260 |

270 |

IF Fl-l$<>rrfrr AllD Fll$<>ttptt AND FL$<>ttLil À]ID FL$<>il1rr THEII lgO: rTRAp
FOR H8=1 TO I tloop through 3 char¡nels.

IF Ht>3 ÀtID Ht<7 THEI{ 430
SUM=0
ÏF DATACS¡T(T8)>381 TI{EN PRINI rr DATÀCN| >381 *¡k NO D.C CORR. AppLI

:GOTO 330
LSTS=DÀTÀCNT (Tt)
IF FLç=ttLrr OR FI:$=ttltt TIiEI{ FOR X=Ì fO 3:SUM=DÀTAP¡S(LSTå-X,Hå)

+SUM:NE>m X
fF FLç=ttFrr OR FL$:tt¡tt TfiElI FOR X:I TO 3:SUM=DATAPIS(X,Hå)+SUM:NE)$

FþR X=I TO 3:SUM:DATÀI{fS(X,Ht)+SUM:NEXT XrTfie above x driven loop gets first or last 3 pts of traverse for D

roffset purposes.
SUM=SU}Í/3 rAverage D.C. offset.
FOR Q8=1 To DAlÀcs{T(Tt)

IF H8<7 THEN 370
IF DÀTÀI{IS (Q8,Ht) >SWITCÍI TrmN DATÀPIS (Q8,Ht) =l EISE DÀTAPTS (e?,H

coTo 410
DAFDÀTAI{IS(Qt,Ht)'cET DATAPTS
DAÞDAT-SUM I CþRRECT DC OFFSET
DÀFDAT/CÀLIB (Ht)
DATAI{IS (Q8,Hå) =DÀT

NEXT Q8
PRI¡¡T ||CX{,¡\NNEL rr iHt;rr EDIÍrEDrr

NEXT H3 rNext channel.
Rn{ At this point one compLete traverse has been edited.
PRnIT:PRI]IT'TRECORD ''RN$(R]I)r I{i\S NOW BEE¡I EDITED "
GO{|O 1090 : I BLOCK 2

280
x

290
300
.c.
310
320
330
340
350
å) =o
360
370
380
390
400
410
420
430
440
450
460
470 |
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480 | ***** BI¡CK I SUBROIITINES FþLLOI^I *******************
490 |

500 | ****suBRourINE TO REÀD IN Cå,LIB(I) FÀÇIOR^S FROM CAIROSS 
'f 
*******

510 REM
52O PRINT rrPlease enter calibration dísk into drive B. rl

530 INPUT rrstrike IE]¡TERI r'¡hen ready...il,CRÀpt
540 PRINI:FILES rrB.*.*rr
550 PRINI:INPUT rrSEÌ'EqI FILE (without filenarne extension ASSU¡{ES NO rR
) :rr,CAL$
560 CAL$=IIþ3II+CA],$ +II RCÀT.II IENSURES EÀIjROSS FII.ES ONLY USED
570 OPEII CAL$ FþR INPUI AS #1
580 CI,S:PRINT IICÀT RIU{TION FÀqtORS READ FROM FTT.FI¡:PRTNT
590 FþR I=1 TO 9
600 rNPrrt#I, CÀIIB (I)
610 PRINT CÀLrB(r)
620 NE>Cr I
630 INPTII I'CONTINIIE WITH EDIT (Y/N) ";ÀNS$640 IF ANS$=rrNrr OR Àl{S$-rrnrr TIIEI{ END6s0 cr¡sE#I
660 RETURN
670 |

680 |

690 I SUBROUTTNE IS USED TO GET T}TE TRÀ\IERSE COUNTER,S.
700 oPEN F$ Às #1 LEtr=768
710 FIELD #L,L92 eS À$1192 AS 89,192 ÀS C$,192 ÀS Dg72O REC=49 flast record contains desired data.73O GET #t,nnC rRead data.
74O FOR I=1 TO 96
75O K=I*2-I
760 DATACT{T(r)=CVl(UID$(A$,K,2) )77O DATAC¡¡r(I+96)=C\rJ(¡fiD$(B$,K,2))
780 DATÀCI'{T(I+192)=C\Æ(MID$(C$,K,2) )79o DATACI[T(I+288)=C\Æ(MID$(D$,K,2))
800NElcr I
810 IDATACNT NOW IS PRTMED WITTI ÎRÀV.ERSE CI)UNTERS.
B2O rFrLE IS LEFT OPEN, AS DATA WILL BE READ IN MAIN-IJNE.
S3OREUIJRNT Back to mainline.
840 RH{END OF SUBROI.]ÌrINE
850 |

860REM Subroutine for reading unedited data.
870 IFILE TS ALREADY OPEIT.
890 r

890 FOR CHt=I TO I rloop through channels I,2t3,7,B
900 IF C[i8>3 ÀND CHt<7 r¡IEI{ 1040
9 10REc: (CHt+ (T8-1)'tg ¡92O GET #t,nrc930 PRT}TT CH*; II READ. . II
940FOR I:I TO 96
95OK:I*2-1
960DATAI{|S (I, CffS):CVI (MrD$ (A$,K,2) )
9 ToDATAI{rS ( I+9 6, CTIS ) =Cx/I (MrD$ ( B$, K, 2 ) )
9SoDATASIS (I+192, ffi8) :CXII (MID$ (C$, K,2 ) )
99oDATAP|S (I+288, Gt) =CX¡I (MrD$ (D$, K,2 ) )
IOOONEXT I
I010FOR I:1 TO 384
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1020 rF DÀTAr{rS (r,cl{8) > 32767 THEN DATASIS (r,CHt)-DATÀrrS (r,cx{?) -65536
!
IO3ONEXT I
1O4ONEXT CH8
1050pRrNT llTRÀ\ImSE ";Tg.Í REÀnr
l060RgfURN I Back to ¡nainline.
1O7O RE}IEND OF SUBROIIrINE
1080 |

1090 | ******* Eh.|D OF BIOCX 1 (EDITfNG SECTION) rr*************
1100 | ****** STAI{I BI¡CK 2 *********
1110 INPUI rrDO YOU WANI TO SEE THE DÀTA (Y/N) rf ;SDAg1120 IF SDA$=rryrr OR SDÀ$:ttytt TfmN GOSUB 1560
1130 PRIIIT rrGI\¡E ¡{E THE }IEEL STRIKE TIMES (FIRST,IÀST) FOR RECORD: " ruIg(R
N)
1140 INPU'I HSlg (N) , trszt (RN)

l]so HSIVSUM(RN) =Dtrf¡¡¡¡s (Hs18 (RlI) ,1) +DÀTAI{IS (HS18 (R}I) ,2) +DATAI{IS (HsIå (RN) ,
3)

l]60 HS2VSUM(RN) =DATÀItls (Hs28 (N) , 1) +DATAI{rS (Hs2t (R¡{) , 2) +DATÀI{IS (HS28 (RN) ,3)
t170 DELTA(RN) :HS2VSU|'{(RN) -HSLvsllg(RN)1I8O IMENU FOTJOWS
T19O PRT}IT''SEI,ECT ONE OF: (T) GET NET{ TRA\msE Q) GET NEw FTI,E

(3) SqREEN pRrNrþrJTt (4) FIND STATS FOR
HSVSUI,ÍSTT
r_200 rNPur cD$
1210 fF CDç=tt]rr TI{E}I CLS:GO4¡9 I5O : INEW TRÀVERSE
I22O IF CDç=ttzrr THEX'I CI^S:T$=0:CIþSE#1: GO4¡O 80 : f NEl{ FfLE
1230 fF CDç=tt3il TIIEIiI GO4¡O L27O
I24O IF CDç=tt4rr THÐ{ cO1tO 1340
1250 C,OæO 1190: rTRÀp
1260 r

L27O I SCREE}T DUMP ROUTINE
I28O CI,S
12 9 0 PRINITTRECþRD"TAB ( 15 ) "HSTRIKES "TAB ( 2 5 ) t'HS MUM"TÀB ( 3 5 ) "HS 2VSUM" TAB ( 4 6 ) "DELTAII
1300 PRINTT----- -----lt1310 FOR Z:1 To RN :PRINI RN$(z)TÀB(14)I{s1t(z)TAB(Ie)IIs2t(z)TAB(24)HSIVSUM(
z ) TAB ( 3 4 ) HszvsrrM ( Z ) TÀB ( 4s ) DELTA ( z ) : NEI(T Z
1320 PRINT IIHIT A}TY KEY TO CONTINUEII:TNHII cRÀP$
1330 CLS:GOTO II90: TMEIIU

1340 ISTÀTS ROUITINE
1350 IFIND MEÀN DELTA
l-360 ZZ:O
1370 FOR Q:I TO RN
1380 ZZ=ZZ*DELTÀ(e)
1390 NEXT Q
14oO IEAN=ZZIRN
1410 I FIND SIGMA
I42O SMSQ:Q
1430 FOR W=L TO RN
I44O DEV=DELTA (Vf ) -MEÀN: DEV=DEV^2
1450 SMSQ:SMSQ+DEV
1460 NE>(r W

l-47 O SIGMÀ: (SIISøRN) ^ . 5
1480 PRINI:PRINT TTMEAN DELTÀ= rr MEAN TTSIGMA =rf SIGt"fA



1490 INPUII rrDO YOU IVA¡IT A PPJNTOIII (Y/N) (rnake sure printer is on) " iPO$
15OO IF PO$:ttytr OR IÐç:ttYrr THEtiI 15IO EI-SE CLS:COIO tfgO
1510 LPFJì¡TTTRECORDilTAB(16) "HSTRIT{FS''TAB(26) "HSlVSUMillAI](36) "HS2VSIIM"TAB(46)ilDELTAil
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. PRINT rAB(2)Q8TAB(8) DATAI{TS (Q*,7¡TAB(14) DÀTÀPrs(e8,e¡ ;:pRrNr USTNG"###
" ; DAlÀI{rS (Q8, 1) +DATAI{IS (Q* ,2) +DATAPTS (et, 3 )*ro Q*
I¡CÀIIE 23,30 :PRTNI ''HTT ÀI'IY KEY rO Cþ}¡TTNUE oR (R) To REPEAT''
Z$:INI(f,Y$:IF Z$:ttrt THEN 1670
IF Z$=tt¡¡rr OR Z$=tt¡rt TIIEII 1570: |REPEÀT
CLS
RETURN

1520 LP*rl*rrr----- il
1s30 FoR Z=I To RN :LPRINT R¡¡$(z)TAB(ls)Hsl8(z)TAB(20)HS28(z)TAB(2s)HsrVsUM
( z ) TAB ( 3 5 ) Hs2vstIM ( z ) TAB ( 4 s ) DELTA ( z ) : NÐ(r Z
1540 LPRINT:LPRINI TTMEAN DELTÀ = rr MEAN rr SIGMA :r SIGl,fA
1550 CLS:CÐTO 1190: rMÐiIU
1560 I SqREEN PRT}TT OF EDITED DÀTA
1570 CLS
158 0 PRINI TAB ( 2 )'rErI'rrTAB ( 9 ¡ tt¡tt1'* ( 15 ¡ t,¡1t,1'* ( 2 O ) t'VSUMtt
1590 FoR Qå=I To DATAC$IT(Tt)
1600 rF (Qt,/2o-TNT|]ç,Z/ZO¡ )<>0 THEN 1640
1610 I¡CÀTE 23,3O:PRI]ITilHIT ANy KEy fO Cþ]ITINUE"
1620 Z$=INKEY$!IF Z$:tttt TfmN 1620
1630 Cr,S
1640
#. ##
L650
1660
L670
1680
1690
1700



SFSTATS. BÀS F?iday, November 15, 1985 Page I

10 cI^s
15 PRINT:INPuI I'SELEqI FIRST OR LAST DÀTAI{IS FOR D.C. OFFSET CORR. (F/L)tt;FLç
20 IF Fll$<>rrfrr AIID Fl:$<¡tt¡tt ÀI.ID FL$<>rrLrr A¡lD FL$<¡tt1rt TI{EI{ 15 :rTRÄP
30 RN:O
40 DIM DÀTAC¡IT(384),DATÀI{rS (384 t8),DCþFF(9),CÀLDÀTA(384,6),VSUM(384),

cpx ( 384 ), cpy ( 3 84 ), \tERt ( 6 ), CÀLIB ( 9 ), R¡¡$ ( 3 0 ), HS8 ( 3 0 ), HSVSUM ( 3 0 )50 GOSUB 500 | subroutine to load in CALIB(I) factors
60 INPUI rrlnsert desired data disk (r-rnedited) in drive b.rr,Ct
70 PRTNT:PRINT
80 PRINT ttAvailable files: tt
go PRINT: FILES ilB.rr.*.'
lOO PRTNT
1I0 INPUI rrDesired data file ,, rN$I2O F$:ttB'tt1¡ç r'nsure drive B.130 cl^s
140 IF T8=0 THEN GOSUB 690 ¡ rGet traverse counters.ONlY ONCE PER FILE
]-50 PRTNT:INPUT IISELE T A TRÀVERSE .,;TT
160 PRINÎ : PRIIIT rrData points taken for traverserr'Tt. rr=rr ;DÄTÀCIII (Tt)
L7O GOSUB 860 , get one traverse worth of data.
180 I NOW HAS ONE TRÀVERSE OF DATA
190 RN=RN*].:RN$(RN)=N$+STR$(TT): I GTVE T¡TE RECORD A NÀI,ÍE
2oo I PRINT:INPIn I'SELEqI FIRST OR LAST DATAI{rS FOR D.c. oFFSET CoRR. (î/L)

tt;FL$
zLO I IF FL$<>rrfrr AIID FIl$<¡ttptt ÀìID FL$<>rrLrr AIID F¡,$<¡tt1tt TgE[t 200:ITRÀP
22O FOR Ht:I TO I ,Loop ttrrough 3 channels.
230 IF Ht>3 À¡{D H8<7 THEN 430
24O SUM=O
25O IF DÀTACI¡T(Tt)>381 THEN PRII{I rr DATACNT >381 rt¡t NO D.C CORR. APPLI
EDrr :GOTO 330
260 | ISTS=DATACI¡T(Tt)
27O t IF Flr$=tt¡tt OR FLç=ttIrr TtIHif FOR X=I TO 3:SUM=DATAPIS(LST?-X,HA)

+SUM:NE}CI X
280 t IF FL$=tt¡tt OR FL$=ttfrr TI{E}¡ FOR X=I TO 3:SUM:DATÀPIS(XIH?)+SUM:NE}C
x

29O FOR X=I TO 3:SUM:DATÀTTS(X,HT)+STIM:NEXT X
300 rÍtre above x driven loop gets first or last, 3 pts of traverse for D
.c.
310 foffset purposes
320 SUM=SUM/3 rAverage D.C. offset.
330 FOR Q?=l To DATÀcl¡:r(Tt)
340 rF Ht<7 THEII 370
350 rF DATÀI{|S(Q8,Ht)>SI^IIICI{ TrmN DÀTAPIS(Q*,Hå)=I EtrSE DATAPTS(Q?,H
8) =o360 coTo 410
37O DÀÞDATAP|S (Q8,H8) 'GET DATAI{rS
380 DAFDAT-SUM ICÐRRECIT DC OFFSET
390 DAFDAT/CÀLIB(Ht)
400 DATAPIS (Q8,Ht) =DÀT
410 NEXT Q8
42O PRIIIT trç¡¡¡\l.fffiL rr;Ht;rr EDIITEDTT
430 NEICI Ht rNe>ct channel.
440 Rn{ At this point one complete traverse has been edited.
450 PRINT:PRIìIT||RECORD ''RlI$(RlI)rr tllUs NOw BEEII EDITED rl

460 GOTO IO9O : |BIÆK 2
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470 |

480 | tr**** BI¡CK I SUBROUTINES FþLLOI{ *******************
490 |

500 | ****suBRouEINE TO REÀD IN Cå,LIB(I) FAqIORS FROM eÀr,ROSS ********510 REX'{
520 mrNT rrPlease enter caribrat,ion disk into drive B. rl530 INPIII rrstrike [E¡ITR] when ready...ilrCRApg540 PRIMI:FILES ilB.*.*''
550 PRfNI:INPUT rrsErnel FILE (wittrout filename e:<tension ÀSSUMES No rR
) :rr rCAL$560 CÀI$=rt$¡rt+CAL$ +rr ReÀr,rr |EhISURES CALROSS FILES ONLY USED57O OPE¡{ CÀrS FþR II{PUI AS #I580 cr-S:PRrNr "cÀLrBRÀTroN FAqIoR^s READ FROM Frrn'r:pRrNr590 IOR I:l TO 9
600 INPTIT#I, CÀLIB(I)
610 PRrNr CArJB(r)
620 NE}CP I
630 INPUT I'CONIINUE WIT¡I EDIT (Y/N)'r;At{Sg
640 fF ANS$=rrNrr OR Àl{S$=tr¡tt fmn¡ nlp6s0 crosE#I
660 RETURN
670 |

690 |

690 ISUBROUTINE IS USED TO GET THE TRAVERSE COUI¡ITERS.700 oPEN F$ ÀS #t l,¡¡¡=zeg
710 FÏELD #L,].,SZ À*S À$,192 ÀS Bg,r92 ÀS C$,r92 ÀS Dg72O REC:49 rlast record contains desired åata.73o GET #lrn¡c fRead data.
74O FOR I=l fO 96
75O K=I*2-1
760 DATAC¡¡T(I)=Cvt(¡4rD$(À$,K,2))
77O DÀTÀCNI(I+96){Vr(MrDg(Bg,K,2))
780 DÀTAC¡IT(I+I92)=CVI(MID$(Cg,K,2))
790 DÀTACNI(I+288)=Cx/I(MrD$(Dg,K,2))
800NElct I
810 IDATÀC$¡T NOW IS PRTMED WTTTI SRA\¡ERSE C1]UNTERS.
82o rFrLE rs LEFT OPEN, Às DATA wrüt BE READ rN ¡,fÀrN-rJNE.
B3ORETURN|Back to mainline.
840 RN'ÍEI¡D OF SUBROI.ITINE
850 |

860RE¡{ Subroutine for reading unedited data.
87O 'FTI.E IS AI;READY OPEN.
880 |

890 FCIR CH8:1 TO I tloop through channels L,2,3,7,B900 IF CI{8>3 AND Ct{*<7 rHE}I 1040
9tOREc: (cH8+ (T8-r¡ *s¡
92O GET #I,REC
930 PRT}TT CHT; II READ. . II
940FOR I=1 TO 96
95OK=f*2-1
960DATAPTS ( r, cHt) =c\rr (MID$ (A$, K, 2 ) )
9ToDATAPIS ( r+96, ffi?) =C5/I (MID$ (B$, K, 2) )
9sODArAI{rS (r+192, ffi8) =CXII (MID$ (C$, K,2 ) )
99oDATAS[S (I+288, ffi8) :CVI (MID$ (D$, K, 2 ) )
1OOONEXT I
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1010FOR f:l TO 384
1020 IF DÀTAgfS(f,Cilt) > 32767 THEX.I DATAI{IS(I,CH8)=DATÀptS(r,cHå)-6ss36
!
1030NEXT r
IO4ONEXT CHT
losoPtrl:tllT ttlt¡¡5/ffi,SE t' iT*; rr RTîÀDrr
IO60RETURNT Back to mainline.
1O7O REX{END OF SUBROUTINE
1080 |

1090 | ******* EI¡D OF BI¡CK 1 (EDITfNG SECT]ON) ***********¡k**
1100 | ****** START BI¡CK 2 *********
1L10 INPUT rrDO YOU WÀNI TO SEE TI{E DÀTA (Y/N) ";SDÀg1120 IF SDÀ$=rryrr OR SDÀ$=ttytt THEN GOSUB 1540
1130 PRT}¡T IIGI\TE ME THE }IEEL STRIKE TIME FOR RECORD ,, RN$ (RN)
1140 rNPu[ Hst(RN)
t]?9 l|vsuM(RN) =DATAPTS (Hst (N), 1) +DÀTAI{IS (Hs* (R}I), 2 ) +DÀrÀpTs (rrs8 (Rtr), 3)1160 |MENU FOLTOWS
1I7O PRINIIISELECT ONE OF: (1) GET NEw TRÀVERsE (2) GET NEl{ FII,E

(3) SCREEN pRrNror.rr (4) FrND STATS FOR
HSVSUI'ISrr
1180 TNPTJT CD$
1l-90 fF CDç=ttIrr THniI CI-S:GOTO 150 : INEW TRÀ\IERSE1200 IF CDç=tt2rr THBiI CIS:T8=O:CIþSE#1: GOTO 80 : INEW F¡LE1210 IF CDç=tt3rr ÍI{n'[ C#fO 1250
I22O IF CDç=tt4rr THEIiI GO{[O L32O
1230 cCrr0 1170: rTRÀp
l-240 |

1250 I SCREEhI DT'MP ROITTINE
1260 CLS
L27 O PRINT IIRECORD||, THEELSTRI KE rr, l'HSVSUMll
1290 PRINI||______il I Ú__________il 

, il______ll
L29O FOR Z:1 TO RN :PRINI RtI$(Z),HSt(Z),HSVSUM(Z):NEXT Z
1300 PRINT '|HIT AÌ'IY KEY TO COIIÎINUET:INPIII CRÀPS
1310 CI^S:GOTO 1170: |MÐ'IU
1320 ISTATS ROUITINE
1330 IFIND MEÀN HSV(JM
1340 ZZ=O
1350 FOR Q:l TO RN
1360 ZZ=ZZ*HSVSUM(e)
1370 NE>$ Q
1380 MEAN:ZZIRN
I39O I FIND SIGMA
1400 SMS9:9
1410 FOR W=l TO RN
I42O DEV=HSVSIM(W) -MEAN: DEV:DEV^2
1430 SI4SQ:SMS0I.DEV
l-44O NÐ(T I^I

14s0 SIö{A= (S¡{SQIRN) ^. s
1460 PRIì¡T TTMEAN = rr MEÀN TTSIGMA :rr SIGI'1A
I47O INPt-lT rrDO YOU WA¡¡T À PRINTOIJlI (Y/N) (rnake sure printer is on) ";PO$1480 fF POç=t'y" OR IÐ$=rrYrr TIIEII 1490 EI^SE CLS:GOTO 1170
I 4 9 0 LPRINT rrRECORDrr, rr IIEEIJS;TRII{E rr, TTHSVSUMTT

I5O0 LpRINTil______il , ll__________il I il___-__il
1510 FOR Z:1 TO RN :LPRTNT R¡TS(Z),HS8(Z),HSVSUM(Z):NEXT Z
1520 LPRIIIT:LPRIì¡I| ilMEÀN = rr MEAN rr SIO,ÍA :rr SIGMI\
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1530 Cr,S:GOTO 1170: rMniIU

1540 I SCREEIiT PRT}TT OF EDITED DATA
1550 CLS
1560 PRINT TAB(2) rrE'lrrTÀB(!) ttlttT¡3(t5¡ "*"t*(20¡ ttut*t'
1570 F0R Qt=I To DATACI{T(T*)
1s8O rF (Q*/2o-ÏNT(l8/z}) )<>0 THEN 1620
1590 I¡C¡irE 23,31:Ènr'l¡r,,itir e¡w KEY TO CONTINUETT

1600 Z$=INKEY$:IF Z$=tttt THEN 1600
1610 CLS
162 o PRÏNT TAB ( 2 ) QTTAB ( 8 ) DATASTS (Qt, z ¡ TAB ( 14 ) DATAI4IS (Qt, e ¡ ; : PRTNT USING'I # # #

# . # # 
rr ; DATASTS iot, r I +DÀTj\PTS (Qt, Z ¡ +DATAT{rS (Q8, 3 )

1630 NEICI Qt
1640 I¡Cå,rE 23,30:PRINI rrHIT À}F/ KEY TO COì¡TTNUE OR (R) TO REPEATTI

1650 Z$=INKEY$!IF Z$=ttt' THEN 1650
1660 IF Z$=il¡" OR Z$=tt¡rr THni[ 1550: |REPEÀT

1670 Cr,S
1680 RETURN
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10 '!!!!!!!!!!!! sTA¡{t OF EDIT BI,CK I !!!!!!!!!!!!!!!!!!!!
20 OPEN rrCOM2:2400,S,7,lrRSrCS'DS32O00rCDttAS#3
30 COI¡R Or7 : TREVER.SES SCREEN
40 CI,S
50 DIM DATÀI{rS(384,8),C(8),STRIKE(5),HIT(4,I0),VSry(384),CPX(384),CPY(384)
, vcPx(3ti4),ici*(jei),FIVCP(384),vÀ(384),TYPE$(6r)
äo DrM TÐç11R(zooi ,Ð¡1R(zs,2oo) ,H(ro) ,Avn)ffR(so) ,sDvsuu(3e4) ,Hs (5) ,FDVSUM(3
84) ,zc(s),öaracni¡(ro) ,iÈorr(e) ,vERT(6) ,cÀLIB(e) ,STDEV(so) 'RDES$ 

(25)

, TEMP (200)
70 GOSUB 520 | subroutine to load in CAIIB(I) factors
80 ' NOI^I HÀVE CÀLTBRATORS
90 INPIII rrlnsert desired data disk (unedited) in drive b.rr,C?
lOO PRINT:PRINT trÄvailable files: rl

110 PRINT: FILES IIB.,r. *II
120 PRINT:fNPUf rrDesired data file ttrE$
130 F$-rr3' rr4¡ç rEnsure drive B'
140 IF T?=O TÍIEI¡ GOSUB 680 : rGet traverse counters ONLY ONCE PER FILE
r5o rNPtrl"sEr,Ecr rRÀvERsE ttrTt
160 PRINT rrData points taken for traverserr;Tt;rr=rr'DATAC$IT(T8)
I7O GOSUB 820 t get one traverse worth of data.
180 | commence edit
t9O FOR Ht=I TO 3 : rloop ttrrough 3 channels. 7 & I EDITED IN BIJ)CK2
200 SUM=O
2IO FCIR X=O TO 2
220 EIIDER8 = DÀTACNI(T*)
23O SUM:DATAPIS (EIIDER*-X,H8) +SUM
240 NEl([ X
2SO I Tltre above x driven loop gets ttre first or last 3 pts of traverse for

D. C.
260 I offset pur¡rcses.
27O SUM=SUÌ{/3- rAverage D.C. offset for this ctrannel
280 F0R Q8=I TO DATACI{T(Tt)-1
29O DAFDATAT{IS(Q8,Ht) |GET DATASTS
3OO DAFDAT-SUM ICORRECT DC OFFSET
310 rF Ht >3 TIIEN CÐTO 340
32O DAÞDÀT/CATJB (H8)
330 GOTO 430 ITOOP AGAIN
34o REl"f entrance point fo M. L. correction
350 rF Ht<>4 THEN 370
360 IF DAT<O TrmN DÀFDAT/CåLIB(6) EISE DAFDAT/CÀLIB(4)
37o REM entrance point for M.L. correction
380 IF H8<> 5 I]rIEN 400
390 IF DÀT<O T[mN DÀFDAT/CJ\LIB(7) EISE DAÞDÀE/CALTB(5)
400 REM entrance for P.A.
410 IF Ht<>6 THEN 430 : rNO EDIT OF CHS 7,8
42O rF DAT<O TlmN DAFDAT/CÀIJB(9) ELSE DAFDAT/Cå'LIB(8)
430 DATAPTS (Qt,Ht) =DAT
44O NEXT Qt
450 PI{INT ''CHANNEL 

t¡ ;Ht i il EDITEDil
460 NE>CI Ht tNext channel.
47O REnf At this point one complete traverse has been edited.
4BO pRINI:PRINT rrFILr: ir E$ tt IRÀVERSE rr Tt tt¡¡,¡qg NOVI BEEN EDITEDTI

4gO PRT¡TT ''PROCEEDING TO BT¡CK 2II
500 GOTO 1040: TBIOCK 2
510 ' BI¡CK 1 SUBROUTINES FOLLOW
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52O r***ITSUBROIITINE TO REÀD IN CÀIJB([) FACIOR^S FROM CALROSS *¡k*¡k****
530 PRINI rrPlease enter calibration disk into drive B.rl
540 INPUT ttStrike [EN[ER.] rvtren ready...ilrqRAP*
550 FIIES ilB.*.*il
560 INPUTI rrDesired file (without filename extension): rr,cAl$
570 CAT,$=II33II+CAT,$+II RCALII: IENSURES DRT\IE B:
s80 oPEbr eÀL$ FoR INPUT AS #1
590 CLS:PRINT TTCALIBRATION FÀCIORS READ FROM FII,n¡r:PRIIIT
600 FOR I:1 TO 9
610 INPUI#I,CÀLIB(I)
620 PFJNI CÀLrB(r)
630 NE}CT I
640 rNPUT I'CONIIN{'E WITII EDIT (Y/N)'i;ANS$
650 IF allS$=rrNrr OR A¡Is$:tt¡trt THEN END
660 CI¡SE#I
670 RETURN
680 I SUBROÜTINE IS USED TO GET THE TRA\¡ER^SE CYOUMTER^S.

69OOPEN F$ AS #I LEN=768
700 FIELD #L,L92 ÀS A$,r92 AS B$,r92 AS C$,192 A,S D$
710 REC=49 rlast record contains desired data.
72O GEI #I,nnC rRead data.
73O FOR I=1 TO I0 : I ONLY 6 CþtlNTS USED
74O K=I*2-I
75o DATACI{T(I)=Cvt(¡fiD$(A$,K,2))
760NE}(T I
77O IDATACî¡IT NOW IS PRTMED WTTII TRÀ\IER.SE CþUNTERS.
780 rFrLE IS LEFT OPEN, AS DATA !{rLL BE READ rN MA[N-I,INE.
79ORETURN I Back to mainline.
8OO RET/ÍB{D OF SUBROTITINEgI0 |

820REb{ Subroutine for reading unedited data.
830 'FILE IS ÀI;READY OPEh{.
840 FþR CIIS=I To 3 rloop through 3 channels.
8soREc= (cHt+ (rt-I) *s ¡
860GET #r,REC
870 PRINI TTCHANNEL rrCHt;rr REÀD..rr
880FOR I:1 TO 96
890 K:f*2-1
900 DATÀI{IS (r, CHt):Cx/I (MID$ (À$,
910 DATAHIS (I+96, CHt¡ =s\II (MID$ (
92O DATÀI{IS (I+192,ffiå) =CX/I (MID$
930 DATAI{rS (r+288,CH8) =CX/r (MrD$
94O NE}CT I
950 FOR I:1 TO 384

Page 2

IF DATAIIIS ( I, CHt ) > 327 67 TIIEI¡ DATAI{IS (r, CH? ) =DÀTAPIS ( I, CH? ) -6553 6 !

NErI T
NE}(r CH?
PRINT
RHIURN rBack to mainline.

REMEND OF SUBROIITINE

'!!!!!!!t!!!! END OF EDrr BrOCK 1!!!!!!!!!!!!!!!!!!!!
I

.@EGG@@@@@E@E START BI¡CK 2 EGGEEGGEEGCG@@@@G@G

\IIIIRESH=10: '10 LBS. MIN. BEFORE CPX,ETC. CÀI,CUIÀTED
TBASE=92.5: TBA,SE WIUTH fNCHES

K,2) )
B$,Kr2)
(c$,K,2
(D$, K, 2

)
))
))

960
970
980
990
1000
1010
1020
1030
1040
1050
1060
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I070
1080
1090

1400
1410
L420
1430
l.440
1450

]-520
153 0
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IFOR D

}TEIGITTÞ45.6: I PERPENDICTTI,AR HEIG}IT ÀT ÀPEX

SWITCH=2OO: I THIS IS ABOUT I VOLTS ON A/D
H 1 ii=-. s7 226: Hiäi=. qiaz rn( 1 I :-. 25667 : H ( a ) 

=. 
L54e7 : H ( s ) =-' oe2o2 4

: H ( 6) =. osìãäz : H ( 7 ) =-.' oâes : H ( I ) =. oís4t : H ( 9 ) =-8. 88ee98E-03 :

IG DIFF.
I1OO PRTNT:PRTI{T IIÀ FEIII MOME¡¡TS PLEASE WHILE I DETERMINE CPX'CPY'ETC'II

1110 ' ROUTINE TO FIND CPX,ETC. TþüOVTS

1120 FoR z:DAiAo¡T(it) ro äe¿ :VSUM(Z) =O:-C?-X(Z) =0 :cPY (z) =o:NEXI:
ICLEÀR ARRÀY FROM I,A*ST USE

I13o FoR Qt=I To DATÀc¡¡Ir(Tt)
1140 IF DATAPTS (Ot, Z) <ÈWTICH THEN DATAPTS (Q8, 7) :O-Try-E.

DATÃI'iõ(ötlz¡=1t rPUTS lrs oR ors IN SwITcH crreNNEL 7

ltso rF DATAprs tO*, ei <swrrcn rrmN DATAsrs (Qt' a¡ :o-Iry-E-
DATÃpis(o*,e)=rt rpuTs lrs oR o's IN SWITCI{ CÍIANNEL I

L16O VSrrM(O[i-=DATÀpTå (öt, r¡+DATAprs -(Qt,2)+DATA¡1IS(Qt'3)r17o ' fouåí¡ing-ls ràtei üsed for h.s. iaent routine using sdYlq---
1180 rF (Qg<zo¡ oR (DAr¡c$rr(rt):q!l f?9 rtm{ Go{Io 1240 : 'rGNoRE ENDS

treo rvsw=pÃiírprs (òrã, rl+òerirprsiet+r,2) +DÀrAr{rq (9T*}, 3) t :Igl-rrRE-iIM
r2oo pvsïru=ó;r;prã iõt-i; ri+óaiapts iõt-r, zi +oetart! (Q?-1' r¡ : ' PAsr suM

1210 rDvsuMlat) =rvsuu-vsnM(o8) :' rnng_nry FrRST DIFFERENCE

L22o pFDVsui=v3uU(O*)-EVSUM:'PAsT FIRsT DIFFERENcE

1230 SDVSUM(At)=ròvst¡¡(Qt) -pFDvsuM : I sEcoND DIFFËRENCE

L24O rF vsnMîoi¡<tTtmnÈH r¡mN cpx(Q8)=0:CPY(Q8)=oivcPx(Qt)=0:
vcpv fôtl =0 :RVCP(Qt) =O :vA (Qt) =0 : Gol[o 1340

I25o TBoARD MJÈT íreVP MIN'I¡ÀD BEFoRE FINDING cPx,EEC'
L26o rfotlowing finds CPX
láio utntt= f 

pÀiÃms (Qt, z¡ +2¡IDATÀPTs (Qtl3) ) *TBA^sEl2

rãeó ôpxiOÈi:lruurZvsr¡rtôtl : I inches -largest. value e2.s
1290 tspÈo- at uE- cornerrincreases going west
13oo tfollowing finds CPY

L3IO NUM2=DATAPIS (0t, 2 ) *IIEICHT
13ãó cpi tOtf=i.rur¡ãiüsu¡ttOtl : ' inctres-Iarg9¡t' value is 45.6
r33o tcpÈo'at N 'siderincreases going south
1340 NÐ(T Q8
].350 ' ROI.]]IINE TO FIND VCPX,VCPY,RVCP,VA USING F'I'R'DIFF'
1360 | TAKEN FROM ONE-DIM.DIG.SÍcNAL PROC.CIII-TSONG CHENG PAGE 204

L37o rr¡n z:uetecr'rr(Tt)-20 ro ãa¿rvcpx(Z)=0:vcpv (z)=o:RVCP(z)=o: NEXT z

: ICLEARS ARRAY FROM LAST USE

13Bo FÐR Qt=IO To DÀTACNT(Tt)-10
13eo vcpxtõãl =ó,1êpïiôti=olnvcpret) =o : I cLEAR^s ARRÀYS (srARrrNG VALUES

FOR THIS I'OP)
rF vsuM(Qt-9)<rmnÍlsn oR vsuM(Qt+g)<\ÆHRESH 1IHEN 14eo

lþR N=-9 TO 9
IF N=0 TI{EhI GO1[O 1460
rF N<O TtiEtr cêiH1-lr) E¡,SE CC:-H(N) :' SrGNS OPPOSTTE oF rN BOOK

vcPx(Qt) =vcPX (Qt) +cc'tcPI (qT+N)
vcPY iQt) =vcpv (Q?) +cc*cPY (Qt+N)

1460 NE>ff N
I47o vA(Qt) =L8o/3.14Ise¡kATN(vc?Y(Qt) (u^9P.x(Q?) ): ' IN DEGREES

l¿eo RVòP1þt¡ =sþnrycPx(Qt) ^2+vcPY (Qt) ^2)
I49O NElm Q8
15OO GOTO 1680: ISKIP HS IDE}¡T .AIGORITHMS IN THIS CASE

t51o'RoUTINEToFIND}IEELSIRIKESBASEDoNRvcP
J=15
FoR r=20 To DATACI¡T(T8)-10
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1s40 DELTARVCÞRVCP(r+l_) -RVcp(r)l-550 rF J>=I5 Al{D DELTARVCP>=.7 ÀND (RvcP(I+I)+RvcP(I+2)+RVcp(r+3)+RVcp(
I+4)+ RvCP(I+s))/5>:I THEI{ PRI}¡T r'(RvcP) }IEEL STRIKÈ AT:,, jI:,¡:o1560 J=.T+l
1570 NEICI r
1580 PRINT
1590 I ROUTINE TO FIND TMEL SÎRIKES BA^SED ON VERTICAI, FORCE DERTVATTVES
1600 K=l:J=20: rMfN OFFSET BETWEEN IIEEL STRIKES
1610 FOR 28=25 TO DATACMT(T8)-25: ISKIP FTITST AND IÀST PORTIONS1620 Jd+I
1630 FOR )O(8=O TO 3.SUM=SUM*RVCP(28+)O(t):NEICI )O(t1640 A\RVCFSVI'1/4:SUM=0:IF À\IRVCP < 1.5 TfmN GOTO 16601650 rF SDVSUM(Z*)>1.s AlrD SDVSUM(28+r.)>1.5 AND((SDVSUM(Z8)+SDVSU!4(ZZ+\
))12¡. >
(K) =28: K=K+I:J=O
1660 NEXT ZI
T67O TNPIITI'FTNTS}IED READING IMEI,STRIKES?II,GÀRBAGE$
1680 PR[}¡T'I PROCEEDING TO BIOCK 3'I
1690 |

1700 r r.**rr*********** BI¡CI( 3 *****************************tú********
1710 I ROUTTNE TO E}CTRACT ONE CTMPLETE RECORD FROM A THREE STEP
L72O | ********rk FRACTIONAf, SPIJT DETERMINATION OF VERT II'1CRCES*****
1730 | TO BEST IINDERSTAI{D THE FOLIO!{ING, SEE I¡c NOrES ÀUG 5 E}IrRy
1740 TNPIJTIIIGIV.E ME H.S A}TD TOE OFF TIIIES FþR DUAT ST'PPORT PHÀSE 1 II,HSI,TOF
I
1750 INPUTIIGTVE ME H.S AI{D TOE OFF TI¡{ES FþR DUAL SUPPORT P}IASE 2 II,HS2,TOF
2
1760 | PHÀSE I
1770 IIScPxr=cÐ((Hsr):ToFCPXI=cPx(ToFr):tcpx € ffi, Àr.ID e ToF
1780 TFVCPXI=ABS(cPx(HsI-2)-cPx(Hs1-12))/JOz |VEL oF cPx tþR TRÀrI,ING FooT
1790 LFvcPxl-¡RS(CPX(TOF].+I2)-cPX(ToFl+z) )/Loz r\ÆL oF CPX FþR LEÀD FooT
1800 | PHASE 2
1810 HSCPX2{PX(IIS2) :TOFCPX2=CPX(TOF2): tCpX @ HS, A}¡D e TOF
1820 Tfl/cPX2-¡Rs(cPX(IIs2-2)-cPx(HS2-I2) )/].O: 'VEL oF CPX R)R TRAILINc FooT
1830 LFVCPX2-¡RS(CPX(TOF2+L2)-CPX(TOF2+2) )/Loz |VEL oF CPX FoR LEÀD FooT
1840 IÀBOVE ÀSSUMES BOTTI VEIOCITTES ÀS CONSTANT THRU THE DUAL SUPPORT PHAS
ES
1B5O IROI.TIINE TO FIND LEADING EDGE OF LEAD FOOT
1860 TE)ffR(o)=O: |EXTRÀqIED RECORD NI'¡{BERED FROM ZERO
1870 FoR I=L T\) (ToFl-HSl-l)
1880 T=HSI*I
1890 NUM=ABS(CPX(T)-HSCPXI)-ABS(TFVCPXI*I): ITHTS IS ID I ON MY FTGURE19OO DEN=NUM+ABS(TOFCPXI-CPX(T) )+ABS(LFVCPXI*T): ID +E ON MY FTG
1910 RILÞNUI\VDEN : tREIÀTIVE I¡ADrNc oF LEAD FooT
L92O TÐfIR(I)=RLLF*VSUM(f): IÀBSQLUIE IOÀDING OF THE LEAD FooT
1930 NE)ff I
I94O I SINGIJE SUPPORT PHASE
1950 FoR l=(ToFI-HSI) To (Hs2-HsI)
1960 FHS1 +I
l-e70 TEXTR(I) =VSUM(T)
1980 NEIcl r
1990 | FINDS TR.LILING EDGE from sum moments about lead ft. local cpx
2000 FOR I:(HS2-HS1+1) TO (TOF2-HS1-J.): 'ALL BIII IÀST POINT
2O1O T=HSlfI: Z:T-HS2 : IZ IS NO. SÀI{PLES T}TTO D.S.PHÀSE 2
2O2O I NUM=ÀBS(TOFCPX2-CPX(T))+ABS(LFVCPX2*Z): tTHfS IS rE ' ON Mv FIGURE
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I DEN=NUM*ÀBS(CPX(T)-HSCPX2)-ÀBS(TFVCPK2*Z): rD +E ON My FIcI FOLTOI{ING TS TTIE PEG-LEG ÀPPROACTI- IGNORES I¡CAL CPX PROGRESSTON
NUM=ABS (TOFCPX2-CPX(T) ) : 'PEG-LEG
DEII=NUM*ÀBS (CPX(T) -HSCPX2) : rPEG-L,EG
RLTÞÌ{UIVDEII : |REIÀTIVE I¡ADING OF TRÀILING FOCTT
TErIR(I)=VSUM(T)*RLTF: |ÀBSoLIIIE I¡AD ON TRAILING FoOæ (EXTRÀCTED)

NE}CT I
TE)ffR (TOF2-IISI)=0: ¡IÀST POINII ONE CþMPLEl5 E)ffRÀCTED RECORD NOT{ ÐfiSTS
| **************************************
I SUB TO PIST DATA ON SCREEI{
SCREEN 2 , 0, 0: CI,S
KEY OFF

2030
2040
2050
2060
2070
2080
2090
2100
2110
2]-20
2130
2140
2150
2L6O IOCÀTE 9r1:PRINI'rrvrr'I¡CATE 1I,I:PRtNt;rrsrr'IOCATE 13,1:PRINI;rrurr.I¡CAT
E 15, 1:PRINT;ttyrt srOCATE 2,LIPRINI ; rr250rr
2I7 O I¡Cå,TE 25, 35:PRIltTi rrT'Il[Err
2180 LINE (30,0)-(30,180) :LINE -(639,1s0)
2 19 0 SCRVSCAI;E:LB O / 25 O : SCRHSCÀLE: ( 6 3 9 -5 0 ) /DÀTÀC¡¡T (Tt )
22OO X=50:Y=I80
22LO FOR I=1 TO DATACT¡T(T8): rPf¡TS VSttM
2220 >OùEW:X+SCRHSCÀI;E
2230 YNEW=I8O-VSITM(I) ¡kSCRVSCAI;E
2240 LINE (X,Y) -()OTEVT,YNEW)2250 X=)OiIEÍ{
2260 Y=YÌiIEW
2270 NElct I
2280 X:50*HS1!ISCRIISCAI;E:Y=180 : TPIOTS ÐffRAqfED RECORD
2290 FOR I=1 To (TOF2-HSI)
2300 )OIEW=X+SCrußCÀLE
23Lo YNEW=180-TÐfiR.(I) *SCRVSCÀLE
2320 IJNE (X,Y) -()0'IEW,YNEW)2330 X=)OiIEW
2340 Y=]ll.IEW
2350 NE)Cr I
2360 I¡CATE 2zrs3:PRlNlrr Eess any key to continuerl
2370 CRÀPO$=fNKEY$:IF CRAPO$=tttt 1O* 2370
2380 SCREEII 0, 0, 0:CI-S
2390 CI.S: PRINI II NOW E¡¡ITERTNG BIOCI( 4II
2400 | eee@G@@@GG€eGG@e Br¡cK 4 e@e@€GG@eeeeeeee@eee@eeGee@eee@e@eG@oe@@
24IO rlHrs SECIION NORMALIZES, AIID CþMPÀRES Up TO 25 RECþRDS OF THE SA¡4E

E)ffRAqtED RECORD (MÐ( OF 200 DATÀIIrS pER RECORD)
2420 ITI{E FTRST RECORD CHOSEN ESTABLISIMS T¡IE NT]¡,IBER OF DATA POINTS

IN TTIE I}¡IIERVAL USED FOR NORMATJZING
2430 RN=RN*I : TRECORD NO.
2440 PRTNT II MÀKF: SURE PI¡TTER IS TURNED ONII
2450 RDES$(RN)=E$+,' TRAV tt+STR$(Tt) : 'GI\/ES RECORD A NAI{E
2460 CFroF2-HSl
2470 PRINT:PRINT rrfHERE ARE rr CPF1 rr DATAIÐINTS FOR rHIS RECORD (BOTI{ END
PTS INCLUDED) ',

24BO IF RN=I TtmN PRINI:PRINTTTIIIIS FIRST RECORD DETERMINES THE TIME BASE T
O WHICH ALL FIJRTTIR, RECORDS I^IILL BE NORMALIZEDTT:MCÞCP
2490 INC=CPIMCP : I INCRn'fEh¡:lÀL TIME (INFI FOR FIRST RECTIRD)
2500 TROUTTNE TO FIND VAI-S AT EÀCH OF MCp EQUAL INTERVAI^S
2510 E>CTR(RN, 0)=TEXIR(0) :Ð{TR(RN,MCP) :TE}ffR(CP) : TFIRST A}ID LAST PTS.
2520 FOR I=l- TO MCP-I



2530
2540
2550
2560
2570
2580
2590
2600
NT
2610
I¡Tr
MPII
2620
2630
2640
2650
2660
2670
2680
2690
2700
27IO
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
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EFI¡IINC: IRÀTIONAL NO.
TRoUTINE TO TNTERPOLATE TO FIND Ð$R(I) AT ET
CRZ=ITEXTR(INT(ET) +I)-TE}ffR(INT(ET) ) : ' I{AY BE +OR-
CRN=ABS(ET-INT(ET)) : r=0 FOR RN:I
DELFCRZ¡ICR}I/I : r=0 FþR RN:I
EICIR(RN, r) =ss),t*(INT (ET) ) +DELT

NEXT T
PRTNT:PRTNI IIPIT.R. IIE$II TRÀVERSE.IIT'T II HÀS NOW BEEN NoRMALTZED'': PRT

PRINTII SELECIT (T)GET NEW FILE (2)GET NEI{ TRÀ\IER^SE (3)PIPT PRESE
(4)LIST FILES (s)FIND ÀVERAGE RECORD (6)SCR.D

DS$=INI(f,Y$:IF DS$:trtr ¡¡mN 2620
IF DSç=ttIrr THEN FrÀG:Q:CI¡SE#I:ClS:Tt:O:CÐTO 90: I NEW FILE
IF Dsç=tt2rr THEN CI-S:FTÀG=0:C,O1[O 150 : |NEW TRAVERSE
IF Dsç=tt3rr TIIEN 2950 EISE IF DS$=rr4tt TtmN 3550
IF Dsç=ttsrr TIIEN 2680 EI-SE IF DS$=tr5tt ftmN 3630
GOTO 2620 : ITRÀP
I ROT.TTIINE TO FIND ÀVERÀGE (I{ÀSTER) RECORD
CLS:IþCATE L2,29:PRI¡¡TTTFINDING ÀVERÀGE (MASTER) RECORDil
F\)R Q8:0 TO MCP

SEICIR=0
FOR RECORD =1 TO RN

SÐffR = SEXIR + EXIR (RECORDTQ8)
NE}CT REOORD
A\IEXIR(Qt) =SÐffR¿¿RN

NEXI' Qt| À\Æ>gR(Qt) IS Tr{E À\ÆRAGED RECoRD
CI-S:PRINI rrl,fA.STER FILE NOI^I CREATED'|
PRII{T:PRINTTTFINDING VÀRIA¡{CES, STÀI.IDÀRD DE\IIATIONS rr

I ROUITNE TO FIND VARIATICES, STAì{DÀRD DE\EATIONS
FOR Qt=O TO MCP

DEÏ-SFO:SUM:O
¡T)R RECORD-I TO RN

DEI-SF (Ð(TR (RECþRD, Qg ) -ÀVÐrrn (Qt ) ) ^Z
SIIM:SUM*DEI,SQ

NE}CT RECORD
VAIì=SUIú/RlI
STDEV(Qt) =sQR(vAR)

Mrm Q*
PRfNT:PRfNfrrSELECt (I)PI¡T MASTER (z)GO TO MAIN MEI.IU

(3)DTJMP TO FrLE (4)SCREEN pRrNr DATA
(5)HÄRD COPYr

DS$=INICY$:IF DS$-tttt THEN 29LO
IF DSç=ttIrr TI{EN MASFTAG:I :GO{IO 2950 EISE IF DS$=rt2rr THEN 2610
IF DS$=rr3rr THEN GOTO 3840 ELSE IF Dsç=tt4rr fiIEI{ 3960
fF DS$=rtsrr TFßN GOTO 4060 ELSE 2910

| * * * * * ** * * * *PIJOfI'ING ROUTINE IIERE* * * * * * * * * * * * ** * * * * * * * * * *
rTrirs PAr{r oF THE RourINE SETS Up THE COORDTNATE SYSTEX{, DRÀWS Ttm A}(E

29]-O
2920
2930
2940
2950
2960
S
2970
2980
2990
3000
3010

IAND I,ABEI,S THE DIAGRAM.
CLS
I¡CÀTE 12,29:PRINITTPI¡TTER PREPAIìED ?rr
CRÄP$=f}[lgY$ :IF CIU\P$-rrrr TtmN 3000
LOCÀTE 1'2, 28 : PRll'ITrr**tr** PIJOTTING TT****rr
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3020 I¡CÀTE 13r28:IF lfÀSFIÀeo fHE¡¡ pRlNIrr RECORD |'RDES$(RN)
EI^SE PRINTII MASTER,II

3030 fF IÀBEI-SPIOI|ED = I THEN GOTO 3120 rTHfS ASSURES LABEI^S ONLY DONE ONC
E
3 040 PRINT #3, rrIN i DTtt ;+CHR$ ( 1) ;,t,. DIl, O ; SpI ; tt
3050 PRINr #3r'tP{t 10300 1000;PD 1000 IoOO;PD 1000 7650;" |DRAW Ð(ES
3060 PRINI #3, rrPU 500 7450,'LBr iSTR$ (250) +CX{R$ (l) ;,';',
3070 PRINT #3, rrPu 0 4500;LB VERTICALTT;+CHR$ (I) ;,,;pu o 43oo;LB FoRcE";+CHR$ (
'r ì .ll.flLJ t t
3080 PRIì¡II #3,rrPU 500 1000iLBrr'STR$(0)+CX{R$(t) ;";',
3090 PRfNI #3, rrPU 5000 500;LB TIMETT;+CrIR$ (I) i,'; "3100 IÀBELSPI¡{HIED = I
3110 |

3120 IAT THTS POI¡¡T ÀIiL THE IÀBEI-S ÀI.ID À}(ES HAVE BEEI{ PIOTTED ONCE AI;READY
3130 |

3140 IIPSCALE = (7650 - ]OOO)/250
31s0 SIDESCÀLE = (l-0000 - 1500) /MCP
3160 |

3170 rF MÀsFrJ\Gi=r THEN coro 32902 'rs rHrs Prpr oF MASTER oR vsuM?
3180 fFOLLOWING FOR E)CIR pItT (NOr AVEImR)
3190 X=I500:Y=EXTR(RNr O) *UPSCAI;E + 1000
3200 PRINT #3rrrPU tt;[;tt tt;t;rriPD;rl
3210 FOR I=0 TO MCP
3220 Y=Ð(tR(RNr I) *UPSCÀIE +1000
3230 X=X+SIDESCALE
3240 PRINT #3rrrPD tr;[;tr tt;f;rr'rt
3250 NEICr I
3260 PRrNr #3,ilPU 0 0;"
3270 CLS:C,OTO 2610: rMAfN ÌfmIU
3280 |

3290 IENIRY PT FþR I4ASTER PIOT
3300 X:1500:Y=À\IEXIR(0) *IIPSCAüE + 1000
3310 PRTNT #3rrrPU rrixir r;f;mipD;rl
3320 FÐR I=0 TO MCP
3330 Y=AVÐ(nR(I) *t'Irscj\rn +1000
3340 X=X+SIDESCAI;E
3350 PRINT #3rrtPD tt;1¡;tt rr'Y'rr'rr
3360 NE)(T r
3370 PRINT #3rrrPu 0 oitt
3380 INPUT rr PIST STD. DEV EIWEI¡PE (Y/N) ";Elnr$3390 IF EIIV$=rrNrr OR El'[V$=rr¡rt SHEN 3520
34OO INPUTII NT'¡IBER OF STD. DE\TTÀTIONS DESTRED 'I;NSD3410 FOR PÂ,SS=L TO 2
3420 X=1500:Y=A\IEXIR(O) *UPSCÀLE + 1000
3430 PRINT #3rrrPU tt;[;tt rt;l;ttiPDirr: TPIOTS E$IVEI¡PE
3440 FþR f=0 TO MCP: TPISTS + FIRST PASS, - ON SECOND
3450 Y:(ÀVEXTR(I)+NSD¡ISÎDEV(f ) ) *UPSCÀLE +1000
3460 X=X*SIDESCALE
347O PRINT #3 , trPD rr 'X' rr rr ;Y' ; tt ' tt
3480 NÐcl r
3490 PRINT #3, ,tPtt 0 0; "3500 NSD : -NSD
35IO NE}$ PÀSS
3520 MASFTAG:O
3530 CI,S:C.OTO 26LO .I IvfATN NENU
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3540 | *********** END PI¡T ROU[[NE***********************
3550 | ******** ROIJTINE TO LIST FILES SO FAR NORMAI,fZED 'r¡r3560 CI-S:PRIN[:PR[NT|| FILES NOW NORMÀIJZED il
3570 PRINTII
3s80 FÐR X=I To RN: PRINT TÀB(8)x sPc(2)RDEs$(x):NEXI x
3590 I¡CATE 2O,8:PR[MI TTSTRIKE Àt'IY KEY TO COM|IMTE rr

3600 POOP$=INI(EY$¡IF POOP$=tttt THEN 3600
36LO CLS
3620 GOTO 2610: IBACK TO MAIN ME¡{U
3630 I *************** SCREEN pIO4r SUBROIITINE *************************
3640 SCREEh{ 2, 0, 0 :CI-S
3650 KEY OFF
3660 I¡CÀTE 9rl:PRINI'rrvrr'I¡CATE IlrI:PRINI;trgtt;TOCATE 13r1:PgIltT;rrurr.I¡CAT
E 15, 1:PRIIIT;rrMrr'TOCATTF: 2rl:PRINI.rr25orr
367 O I¡Cå,TE 25, 35: PRIIIT; rrTII@rr
3680 LINE (30,0)-(30,I80) :LINE -(639,180)
3 69 0 SCRVSCALE=I8 O / 25O : SCRHSCALE= ( 6 3 9 -5 0 ) /MCp
3700 FþR J=l TO RN
37I0 X:50:Y=Ì8O-E)ffR(J,MCP) *SCRVSCå,IE
3720 FOR I:0 TO MCP
3730 )O{EW:X+SCRHSCÀIiE
3740 YIIEW=I8O-EXTR(J,f) *SCRVSCALE
37so IJNE (X, Y) - ()O{EW, YNEVI)
3760 X=)OiIEtl
3770 Y=YÌ.IE!{
3780 NElet r
3790 NElm J
3800 I¡CÀTE 2z,s3:PRlti¡Trr Eess any key to cont,inuerf
3BI0 CRÀPO$=INKEY$:IF CRAPO$=trtt 1ON 3810
3820 SCREEX'I 0,0r0:CI-S:C,O{tÐ 2610 |MAIN MEI{U
3830 |

3840 r**** ROUTINE TO DItMp MASTER INFO TO FILiE *****
3850 |THE NUMBER OF POIIITS(MCP), THE I'ÍASTER RECORD, ÀND STD. DEV. AT EACH D
ÀTA POTI.¡T IS STORED
3860 INPUTTII FII,E NÀME '. iFN$
3870 Fl{$:tt3' rr+¡'N$
3880 INPUTTT PLEASE PLACE DISK INTO DRfVE B: Al{D STRIKE WIüN Eb¡lfER "TPOOP$3890 OPEI{ FNS FOR OUTPUT ÀS #2
3900 WRITE#2,MCP
3910 FOR Q8:0 T0 MCp: WR[TE#2,A\¡E>ffR(Qt),STDEV(Q8) :MO Qa
3920 CT,OSE#2
3930 GOTO 26LO3 rMAfN MEIIU
3940 |

3950 |

3960 ISCREEN PRTNTOT]IT OF MASTER FILE DATA
397O I CLS:PRINI fAB(5) rrErl'rrTAB(12) rrAVÐffR(Qt) rrTÀB(25) TTSTDEV(Qt) "
3 98 0 PRIITT rÀB ( 5 ) rr--rrTAB ( 12 ¡ tt ----------rrTÀB ( 2 S ¡ tt--------- rr

3990 FOR Qt=O TO MCP
4000 pRrMr TAB(5) Qt TAB(l_2)ÀVEXTR(Qt) TAB(25) srDEl/(Q*)
4010 Mlcr Q*
4O2O PRTNTil (R) REPEAT (C) rO RETTJRN TO I,AST MEhrU rr

4030 DIR$=1¡¡143Y$:IF DIR$=ttrr TtmN 4030
4040 IF DIR$=rrRrr llHH{ 3960 ELSE IF DIR$=rrCrr THE¡iI 29OO EISE 4030
4050 |

4060 I PRTNT'OTIT OF MASTER FILE DATA
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4070
4080
4090
4100
4110
4]-20
4130
4140
4150

TNPIITII PRTNTER ON II;POOP$

INPUIIIFILE NAI'{E tt ;F}l$
LPRTNT FN$:LPRTNT

LPRINT TAB(5) rrIrI'rrTAB(12) 
"AVEXTR(Qt) "TAB(25) ||STDEV(Q8¡ ¡|

LPRINT TAB (5) rr--rrTÀB (12¡ t'----------rrTAB (2S¡ tt---------rr
FOR Qt=O TO MCP

LPRTNT TAB ( 5 ) Q8 TAB ( 12 ) ÀVE}TTR (A* ) IEg ( 2 5) STDEV (QT )
Mlm Qt
CI-S:GOTO 2900: rIÀST ME'IU

Page 9
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10 rfHIS PROGRÀM NORMALfZES, AND COMPARES UP TO 25 RECORDS OF fHE SAIvIE

oNE STEP TRÀVEF*SE (MAX OF 3s0 DÀTÀr{rS PER RECORD)
20 ITHE FTRST RECORD CHOSEN ESTABLISTMS THE NU¡{BER OF DATA POINTS

ÏN THE INTERVAL USED FOR NORMALIZING
30 ,rT ASSUMES THAT TIIE APPROÀCH PIÀTE IIEEL STRTKE (rHS) IIÀS BEEN REÀD BY

TTIE DÀTÀ ACQUISTTION PROGRÀM
40 RN=O: |RECÐRD NO.
l-90 CI^S: PRINT rr MAKE SURE PIPTIER IS TTRNED ONrr
2OO OPEN rrCÐM2 z24OO,S 17,I,RSrCSrDS32000rCDttÀS#32IO DIM DATAPTS(384,8),TYPE$(6)
22O DrM DATACTTT(Io),DCOFF(g),VERT(6),CÀrrB(9)
23O DrM VSUM (25,2OO),TE${P(384) ,SVSrrM(384) ,AVSUM(384) ,RDES$ (25) ,STDEV(384)
24O GOSUB 790: I sr¡broutine to load in CÀIJB(I) factors
25O I NOW HAVE CALIBRÀTOR,S
260 PRINI:INPIII rrlnsert desired data disk (unedited) in drive b.rrrCt
27O PRIMI:PRI¡IT r'Àvailable files: "28O PRIMI:FILES IIB. *.*II
29O PRINI:INPtII rrselect desired data fíIe ttrE$
300 F$=tt3'tt4gg r'nsure drive B.
32O IF T8=0 TIIEh{ GOSUB 970 : rGet traverse counters ONLY ONCE PER FILE
330 PRINI: INPUTTTSELECÍI TRA\ÆRSE rrrTt
340 RN:RN*I
350 PRINT rrData ¡nints taken for traverserriTS;rr=¡T;DATACNT(T8)
360 GOSUB IL10: t get one traverse worth of data,
370 | conmence edit
380 FOR Ht=I TO 3 rl-oop ttrrough 3 channels only
390 SUM=O
400 IF DATACIIT(T*)>381 THEN BEEP:PRII¡T rr** WARIIING - HIGH DATA COUNI FoR
fi{IS TRÀ\IERSE- NO D.C. OFFSET CORRECTION APPIJED II:GO1[O 480

4I0 fþR X:0 TO 2:SLM=DÀTÀPrS(X,Ht)+SI'M:NEX[ X
450 | T'he above x driven loop gets first 3 pts of traverse for D.C.
460 | offset purposes.
47o SUM=SIJI'Í/3 rÀverage D.C. offset.
480 FOR Qt=l To DATAc$[t(Tt)-1
49O DAFDATÀPIS(Qt,Ht) rGET DÀTÀgrS
5OO DAÞDAT-STTM ICORRECT DC OFFSET
510 DAÞDAT/Cå,LIB(Ht): |ÀPPLY CALIBRÀTOR
52o DÀTÀPIS (Qt,Ht) =DAT
530 NÐ(T Q?
540 PRIIIT ||CÍÍANNEL tt;Ht;rr EDIT'EDr|
550 NEICI Ht tNext channel.
560 REf{ At this point one complete traverse has been edited.
57O PRIMT:PRINT IIFIT.N II E$ II TRÀ\ZERSE II T8 IIHÀS NOW BEEhT EDTTEDII
580 PRINI:PRI]IT||DO YOU I^IAl{f À SCREEN PRINIOI]II OF DATÀ (Y/N) ?rr
590 AA$=INKEY$:IF AA$:rrrr TI{Aq 590
600 IF ÀÀ$=rr¡rt OR ÀÀ$=rrnrr THEN 760 EISE IF AÀ$<>rrYrr À¡ID ÀÀ$<>t'y" THEX'I 590
6 10 | * * ** *rr ** ** **SCREEN PRIIIT ROUTINE'I*** ** *
620 Cï-S
630 PRINT TAB(2) rrIfI'rrTAB(9) tt¡tt1'*(15) "RttTAB(20¡ 

ttut*"
640 FoR Q8=I To DATACNT(T*)
650 rF Q8:1 OR ((Ot-r¡/20 -INr(Q*-L)/20))<>0 THEX.I 6e0

:ICÍIECI(S FOR M{ILTTPI,ES OF 20
660 IOCATE 2T,3O:PRINTTTHIT ÀìIY KEY TO COIITINUETT
670 Z$=INIGY$:IF Z$:tttr THEN 670
680 Cr,S
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6eo PRrNr rAB ( 2 ) QTTAB ( I ) DATAPTS (Qt, Z ¡ TAB ( 14 ) DATAPTS (Q8, I ) ; :
PRtt{T UsINc"####. ## r'; (DATAI{IS (0t,I) +DATAI{IS (Q*,2¡ +DATAI{IS (Q?,:¡

)
700 NEXr Qt
710 IOCÀTE 22,30:PRINtrr IIrT (R) TO REPEÀT SCREE¡{ DISPIÀY rr

720 IOCATE 23,30:PRINTTT HIT ÀI'ru OæIIER KEY TO COIITINUETT
'73O Z$=INKEY$3IF Z$=tttt THgq 730
740 IF Z$=trptt OR Z$=tt¡tr THEN 610
760 CLS:PRINI I'PROCEEDING TO BI¡CK 2rr
77O GOTO 1350: |BI¡CK 2
780 |

7gO r***r*SUBROIIIINE TO READ IN CÀIJB(I) FACIORS FROM CÀI;ROSS ********
800 REX.{

810 PRINT rrPlease enter calibration disk into drive B.I'
82O PRINI:INPUT rrstrike [ENIERI when ready...rr'CRÀP*
830 PRfìfl|: FILES rrB' *. *rr
B4O PRINT:INPIII rrDesired file (without filenane extension) OR rR t rr,C.A

L$
850 CAL$=rtþ¡tt.t-eÀr,$çtt RCÀLrr
860 OPEI¡ CAL$ FOR INPUT AS #r
870 CLS:PRIMI TTCALIBRATION FÀCIORS READ I|ROM FfLErr:PRfM
880 FOR I=I TO 9
890 rt{Put#I, cÀr,IB(r)
900 PRINT CÀrJB(r)
9IO NE)CI I
92O INPUT "CONIINUE WITïI EDIT (Y/N)rr;ÀìIS$
930 IF ÀI{S$:rrNrr OR ÀlilS$:tt¡tt TIIB{ END
940 CrpsE#I
950 RETURN
960 |

97O 'SUBROT'ITINE TS USED TO GEE THE TRA\TERSE COU}ITER^S.
980OPE¡I F$ A^S #1 LEhI=768
990 FIELD #L,Lgz ÀS A$,I92 ÀS B$,T92 AS C$,T92 AS D$
IOOO REG49 rl.a.st record contains desired data.
1010 GET #lrREC rRead data.
I02O FþR I=1 TO l-0
103OK=f*2-1
104 oDATACNT (I) =C\¡r (MID$ (A$' K, 2 ) )
1050NEXT r
1060 'DATACNT NOVI TS PRT¡,IED WITH TRÀVERSE COU¡TTER'S.

]-O7O IFTLE IS LEFT OPE}T, ÀS DÀTA WILL BE READ IN I'ÍAIN-LINE.
loSoRgfURN' Back to mainline.
IO9O REI'IEND OF SUBROUTINE
1100 |

IlloREx.{ Subroutine for reading unedited data.
1T2O 'FII,E IS AI,READY OPEN.
1130 FOR CH8=1 fO g tloop through 8 channels'
I14O IF CH8>3 AND CH8<7 TI.IEN 1280 Z '4,5,6 OF NO INIrEREST
11s0 REG(CHt+(T8-r¡*s¡
1160 GET #I,REC
1170 PRINT TTCIIANNEL rrCÍIt; rr READ. . rr

1180 IþR I:1 TO 96
1190 K=Irr2-l
12OO DATAI{IS(I,cflt)=Clrf(MID$(A$,K,2))
1210 DATAT4TS (r+SO, ffi8):CX/r (MrD$ (B$, K' 2 ) )
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r22O DATASTS(r+192,ffit)=C\rr(MrD$(C$,K,2) )1230 DÀTÀPIS(I+288,ffi*)=cvl(MID$(D$,K,2))
L24O NE}M I
1250 FOR I=1 TO 384
1260 IF DATÀgIs(I,cII8) > 32767 THEN DATÀPIS(I,cHt)=DÀTÀI{IS (I'cHt) -6553
6!
I27O NEXT I
1280 NElcr CHt
I2gO pI{IllT ilTRÀVERSE rriTt.r RFÀpll
1300 RH|URN fBack to mainline.
1310 RE}{ H.ID OF SIJBROUTINE
1320 '!!!!!!!!!!!! ÐrD oF EDrr Br¡cK r!!!!!!!!!!!!!!!!!!!!
1340 |

13s0, GceeeeeGeeeesrAr{r, Br¡cK 2e@eeeee@@@eeeeGGGee
1360 RDES$(RN)=n$+'r TRAV I'+STR$(Tt) : TGIVES RECþRD À NAI'{E
1370 IFOLTOWTNG FIT.T^q TE}{P ÀRRAY
1380 FOR Z=DATACI{T(Tt) TO 384:TEMP(Z)=O:NEX[ Z: |CLEÀRS DATÀ FROM LAST USE
1390 FOR Qt=I TO DÀTACI'II(T8)
1400 TEx-{P(Qt)=DATAPIS (Q8, r¡ +DATAIIIS (Q* ,2) +DATAPTS (Q3 

' 
3 )

1410 NEXT Q8
I42O CIS:PRTNT:PRT}IT''GTVF ME TTM HEEL STRTKE .àND TOE-OFF TIMES II

1430 INPL¡T HST,T€T
I44O CHIþT-HST
1450 PRIIIT:PRINI rrCYC[,E PERIOD = rr CP 'r DATAPOfM|S FOR THfS RECORDTT

1460 IF RN=I THEN PRINI:PRINI||TÍIIS FIRST RECORD DETERMINES THE TIME BASE T
O WHTCH ÀT,L FTJRTÍIER RECORDS TfiLL BE NORMATJZEDII:MCFCP
L47O INC:CPIMCP : IINCRM{EhIIAL TTME (INFI FþR FIRST RECTRD)
I48O IROTITINE TO FIND \¡ÀT.S ÀT EACH OF T'ÍCP EQUAL IMTERVAT,S
I49O VSUM(RN,O)=TE¡,ÍP(HST):VSUM(RN,MCP)=TEI'{P(TOT): rFIR^ST A}ID lÀST HfS.
15OO FOR I=1 TO MCP-I
1510 EÞIISSFI¡III{C: TRATIONAL NO.
1520 IROT'TINE TO TNTERPOIÀTE TO FIND VST]M AT EE
Is3o CRZ4E[[P(I}¡T(EÍ)+I) -T${P(INT(E[) ) : I MAY BE +oR-
1540 CRN:ÀBS(ET-INT(E[)) : r=0 FOR RN=I
I55O DELFCRZTTCRN/I 3 r=O FþR RN=I
1560 VSUM(RN,I)=TEhæ(INI(ET) )+DELT
I57O NÐM I
t5B0 PRINT:PRINT rrFlr'Í:: rrE$rr TRAVER^SE'ilTt rr IIÀS NOI{ BEEN NORI'ÍALIZEDTT: PRI
NT
1590 PI{INTII SELEqT (I)GET NEç{ FILE (2)GET NEVÍ TRAVER^SE (3)PI,crI PRESE
NT (4)IJST FILES (s)rrND AVERÀGE RECoRD (6)QUrr
PROGRÀM (7) SCR.DMPTT
1600 DS$=1¡¡¡1¡Y$:IF ÀS$=tttt THEN 1600
1610 IF DS$=ttlrr THEN CI!SE#I:CI-S:T8=0:GOTIO 260zt NEW FILE
1620 fF Ds$=tt2rt THEN CLS:@TO 330 : .NEW IRÀVER^SE
1630 IF DS$:rt3rr TI{EN 1920 EI-SE IF DS$=tt4tt TpEN 2380
1640 IF DS$=ttsrr THEN 1660 ELSE IF DS$:tt5tt TFIEN STOP
1650 fF DS$=t'7rr TnEN GOTO 2460 ELSE GC'IO 1600 : I SCREEN DUMP

1660 ' ROUIINE TO FIND AVERÀGE (I,fASTER) RECORD
1670 CI-S:IOCÀTE I2,28:PRIIIT"FINDING AVffiÀGE (MASTER) RECORDTI

1680 FOR Q8=0 TO MCP
1690 SVSUM=O
1700 FOR RECORD :1 TO RN
L71O SVSUM = SVSUM + VSI]M(RECORDTQ8)
T72O NE}CI RECORD
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ÀvsUM(Qt) =SVSIIM/RN
NEICT QtI ÀVSI'M(QT) IS TTIE À\rERÀGED RECORD

CT,S:PRINI IIMÀSÏER FII,E NOT{ CREÀTEDII
PRINI:PRINIIFINDING VARLA]ICES, STAIIDÀRD DE\IIÀTIONS rr

I ROUTTNE TO FIND \TARTÀI.ICES, STA}TDÀRD DE\TIÀTIONS
FOR Q8:0 TO MCP

DELSFO: SUM=O
FOR RECþRD=I TO RN

DEI-SF (VSTJM (RECORD, Q* ) -ÀVSLM (Qt) ) ^2
SUM=SUM*DEI-SQ

NE>CT RECORD
VÀR=SIJM/RN
sTDEv(Qt) =SQR(vAR)M* Qt

PRTNI:PRIMTTTSELECI (I)PIOT MASTER (2)GO TO MAIN MÐtU
(3)D[JMP TO FILE (4)SCREEN PRrNr DATA

(s)HÄRD COPYTI
DS$:fNICY$:IF DS$-tttt THEI{ 1890
IF DS$=ttIrr THEN l,fl\sFrÀGÊl :C'C)rf0 1920 EI-SE IF DS$=tt2't THEN 1590
IF Dsç=tr3rr THEN COTO 3000 ELSE IF Dsç=tt4rr THEN 4000
IF DS$=rtsrr THEN GOTO 5000 EI-SE 1890

| * * * * * * * * * * *PLQED{G ROII|fNE HEf,IE* * * * ** * * * * * * ** * * * * * * rr * * *
rrHls PAI{! OF TIIE ROI'TINE SETS UP TIIE COORDINATE SYSTEF{, DRAWS THE A}G

IAT{D IÀBET-S THE DIAGRÀM.
cLs
IþCAÏE J-2,28: PRlli¡TrrPI¡TfER PREPÀRED ?rr
CRÀP$=lffigY$:IF CRAP$=tttt THEN 1970
I¡CÀTE L2 | 28: PRlli¡Trr***** PLoIITING *****rr
I¡CÂTE L3,28:IF I'fÀSFrAeo THEII PRlNtr RECORD "RDES$(RN)

EI,SE PRINTII MASTERII
IF IÀBELSPI¡TIED = I THEN GOTO 2O9O TTIIIS ÀSSURES IÀBEI-S ONLY DONE ONC

l_730
It40
1750
1760
L770
1780
]-790
1800
1810
1820
1830
1840
I850
1860
1870
1880

1890
1900
I9TO
1915
L920
1930
S
1940
l_950
1960
1970
1980
1990

2000
E
2010
2020
2030
2040
1);"
2050
2060
2070
2080
2090
2I00
2110
2]-,20
2130
2t40
2150
2]-60
2l-70
2180
2190
2200

PRINT f 3 r 
rrll{ ; DTtt ;fCHR$ ( 1) ; " i DIl r 0 i SPl i "

PRtl{T #3,rrPU 10300 1000tPD 1000 1000;PD 1000 7650trr rDRAw A}CES

PRrNr #3,ilprj 500 7450iLBil;STR$(250)+CHR$ (I) ;r';r'
#3 r ilPU 0 45OOtLB VERTICALTT;+CIIR$ (t) ;,"PU 0 4300;LB FORCE";+CHR$ (

PRINT #3,ilpU 500 1000iLBfriSTR$(0)+CHR$(1) ;rr;"
PRrNr #3, ilpU 5000 500;LB Tr¡[Err;+cHR$ (]) i,,;,,
LÀBEI^SPIO4HItsD = I

AT THIS POI¡¡T ÀLL TTM I,ÀBEI,S ÀND Ð(ES HA\IE BEEI{ PI,OTTED ONCE ALREÀDY

UPSCALE = (7650 - LOOO) /25O
SIDESCALE = (f0000 - 1500) /MCP

fF I'{ÀSFLAG:I TIIEN GOTO 2260: I fS THIS PIPI OF MASTffi. OR VSUM?

' FOLIOWTNG FOR VSUM Prpr (NOr AVSUM)
X:1500 : Y:VSUM(RN, 0) *UPSCALE + 1000
PRINI #3r',F{J tt;[;tt tt;l;tr iPD;rr
FOR I:0 fO MCP

y:VSUM (RN, I )*UpSeÀrF +1000
X:X*SIDESCAI;E
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PRINT #3 , rrPD rr ;Xi rr rr 'Y' rr ' rr

NE}M I
PRINr #3, ilPU O 0; rl

CI,S:C'OTO 1590: IMAIN ME}IU

IE}¡IRY T{T FþR T{ÀSTER PICT
X=I500 : Y=AVSUM(O) *UPSCÀLE + 1000
PRINT #3rrrPU tt;[;rt tt;l;ttiPD;rl
FOR I=0 TO MCP

Y=ÀVSIIM ( I) *UPSCå,LE +1000
X:XTSIDESCÀLE
PRIIIT #3 r rrPD tt ;[; tt rr ;l; tt ; rt

NE)CI I
PRINT $3, tr1ry O O; rr

MASFTAG:0
CLS:C,OTO 1590 : I lfÀ[N NENU
I fr * * * * * * rr * * * END PI¡T ROUIINE¡I * * * * * * * * * * * * * * * * * * * * * *
I fr******* ROI]TINE TO LIST FILES SO FAR NOR¡,IAIfZED *¡t
CI,S:PRINT:PRfNTII FILES NOW NORMALTZED II

24OO PRINTII ll
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2zLO
2220
2230
2240
2250
2260
2270
2280
2290
2 300
2 310
2320
2330
2340
2350
2360
2370
2380
2390

24LO F'OR X=I TO RN: PRTNT TAB(8)X SPC(2)RDES$(X):NEXT X
2420 IOCÀTE TO,8:PRINT TTSIRIKE Al'Iy KEY TO CONTINIJE I
2430 POOP$=¡1¡¡çBY$:IF POOP$=rttr THEN 2430
2440 CLS
2450 GOTO L590: |BACI( TO ì{AIN ME¡{U
2460 | *************** SCREEN D[,fP SI'BROTII'INE *****************************
2470 SCREEII 2, 0, 0:CI-S
2480 KEY OFF
2490 ISCåTE 9r1:PRINI'rrvrr'I¡CAIE 1Ir1:PRIllTtttgtt¡TOCÀTE 13r1:PRINT.rrurr.I¡CAT
E 15, 1:PRtlfTtrrMrr:TOCATE 2,LzPRtNTtrr250rr
2500 Í¡CÀTE 25,35:PRINttrrTIMErr
2510 LINE (30,0)-(30,180) :LINE -(639,180)
2 sz o s cRvS cAl;E =I8 O / 2 5 o : S CRIIS CÀliE: ( 6 3 9 - 5 o ) /l.fCp
2530 FÐR J=I TO RN
25 40 X:50 : Y=180-VSUM (J, MCP) *SCRVSCÀI,E
2550 FOR I=0 TO MCP
2560 )O{EW=X*SCRHSCÀLE
257 O YNEI^I:180-VS[M(J, I) *SCRVSCAI;E
2580 LINE (X,Y) -()0.IEI^I,YNEI{)
2590 X=)O{EW
2600 Y=YNEW
26T0 NE}CI T
2620 NE)(T J
2630 I¡CÀTE 22,53:PRlNTrr kess any key to contÍnuerl
2640 CRAPO$=INKEY$:fF CRÀPO$=tttt 1*N 2640
2650 SCREBI 0rOr0:CI-S:GO{|O 1590 |MAIN MÐIU
3000 r*rr** RoutINE To DUMP MASTER IIIFO TO FILE *****
3010 rrrlE NUI{BER OF POINTS(MCP), THE MASTER RECORD, A}rD STD. DEV. AT EACH D
ATA POTNT IS STORED
3O2O TNP[}T'I FII,E NAI\,TE ";FN$3025 FN$=rrB: tt+FN$
3027 INPUfrr Pr.EÀsE PIÀCE DISK IIITO DRIVE B: AND STRIKE WIIEN ENTER ",POOP$
3030 OPEhr FN$ FOR OuTPLrlr ÀS #2
3035 I^IRITE#2,MCP
3040 FoR Qå=0 To MCP: wRIrE#2,AVSIIM(Qt),sTDH/(Qt):NElm Qt
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3060
3070
4000
4oto
4020
4030
4040
4050
4060
4065
4070
4090
5000
5005
5007
5009
50r0
5020
5030
5040
5050
5060

cr¡sE#2
GOTO 1590: fl'fAIN MÐ{U
ISCREEN PRINTOUT OF MASTER FILE DATA
CLS : PRINT TAB ( 5 ) rr FrI'rrTÀB ( 12 ) 

IÀVSUM (Qt ) rrTAB ( 2 5 ) " STDEi\¡ (QB ),,
PRINT TAB (5) il--rrTAB( 12 ¡ 

tt---------rrTAB (2S¡,'---------rr
FOR 9g=g TO MCP
PRrNr TÀB ( s ) Qt TÀB ( 12 ) AVSTTM (Qt ) TÀB ( 2 5 ) STDEV (Qt )Mlm Qt
PRIMIú (R) REPEÀT (C) TO RETT RN rO LÀST Mm{U il
DIR$=1¡,¡¡6Y$: IF DIR$=tttt TIIEN 4065
IF DIR$=rrRrr TI{FîJ 4OO0 ELSE IF DlR$=ttgil THEN 1880 EI-SE 4065

I PRII'ITOI]T OT MASTER FTLE DATÀ
INPIITII PRTNTER. ON II;POOP$

INPUTIIFfLE NAÌ,ÍE tt ;FN$
LPRTNT F}I$: LPRIMT
LPRIIIT TAB ( 5 ) 

il FTIilTAB ( 12 ) ilAVSUM (Q8 ) ilTÀB ( 2 5 ) TSTDE\/ (Qt ),'
LPRINT TAB (5) rr--rrT'AB ( Ì2¡ tt---------rrTÀEl (2S¡ ll---------rr
FOR 9¿=g TO MCP
LPFI:TNT TAB ( s ) Q8 TAB ( 12 ) AVSLM (08 ) TÀB ( 2s ) STDEV (Qt )
Mlm Qt
CLS:GOTO 1880: rLAST ME¡IU

Page 6
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ggClEARrProgram reentry point.
DIM DATACDTT ( 3 84 ), DATASTS ( 384, B ), DCOFF ( 9 ), eÀrDÀrA ( 3 84, 6 )
DrM VERT(6),CALIB(g)
CI^S
GOSUB lrsubroutine to caLsulate scale factors.
INPUI rrlnsett desired data disk (unedited) in drive b.rrrCt
PRTNT
PRTNT
PRI¡¡T ttAvailable files: tt

PRTNT
FILES rrB' *. *rr
PRTNT
INPUT rrDesired data f ite tt, F$
F$:"8: rr+F$rÐnsure drive B.

I

GOSITB 2 rGet traverse counters.
FORTT=1TO6
PRIIIT rrData points taken for traverserr ;Tt ;rr=rr ;DATÀCNI(Tt)
GOSUB 3rGet one traverse worth of data.
fF T?:6 TfmN CLOSE #lrClose unedíted file.
FOR H3=1 TO Itl-oop through channels.
SUM=0
rF DATACNT(T8)>38I GoTO 339
FOR X=0 TO 2
ENDR,8 = DATÀCIIT(Tt)
SUM=DAIAI{TS (ENDERt-X, HT ) +SUM
NEICI XrÍtre above x driven loop gets last, 3 pts of traverse for D.C.roffset purposes.
SUM=SUM/3 rAverage D.C. offset.
339FOR Qt=I TCI DATACNT(Tt)-I
DÀT=DATAI{IS (Qt,Ht) tGet data point.
DÀT=DÀT-SUMrCorrect D.C. Offset.
IF HT > 6 THEN GOTO T4O IDO NO(l EDIT TR GGER.
IF HT > 3 TTMN GOTO lOO
DAT:DAT/CÀLIB(Ht)
DAT:DAT/200¡r30000
GOTO l40tLoop again.rfhe above two lines of code convert t].e A-D number intora linear integer between 0 and 30000. Ttre correspondingrscale in forcõ is:0=0 Ibs.
r30000=200 lbs.

100R8¡{ entrance point for M.L. correction.
IF Hå<> 4 THEN IIO
fF DAT<O TIIEII DAT:DAT/CÀLIB(6) ELSE DAT=DAT/CAIIB(4)
Rm,f
l-lOREx{ entrance point for M.L. correction.
IF Hå<> 5 TIIEN 120
IF DAT<0 THEh¡ DÀT=DAT/CÀLIB(7) EI,SE DAT:DAT/CALIB(5)
120 RE['f entrace for P.A"
TF H8<> 6 THEN I3O
IF DAT<0 THE}I DÀT=DAT/CÀLIB(9) ELSE DAT=DAT/CÀIIB(8)
I3OREM

Page I
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REI{The following }ine deconverts a force (M.L. or P.A.)
RElfinto an integer bett¡een 0-3OOOO. This saves disk
RErf space on a data write, as onJ-y 2 byt'es are needed
REFÍ fór an i:rteger. Increasing the range of ttre integers
REl,l to 3o0OO tends to inprorre the resolution of ttre system.
REM
DAT=DATI70*30000
Rn{0LBS=0 70LBS=30000
IF ABS(DAT > 3OOOO) THEN PRrl¡T DAT;rr¡t:tO\IERFI¡W IMPENDINGTT*rr
I4OREl{Destínation if c}¡annel is a vertical channel.
DATAI{IS (Qt , Ht ) =DAT
NEXT Q8
PRtNf TTCÍIANNEL rriHt;rr EDITEDTT
NEICI HSrNext channel.
REs{At this point one complete traverse has been edited.
GOSUB 4'Write edited data to disk.
NEXT T8rlncrement to next traverse.
coSUB stAdd final record to edited file.
CI¡SE #2'Close edlted data file.
INPUT rrDo you wish to edit another? [Y/N]tt'W$
IF W$=rrlrr OR W$=ttytt IHEN GO{I0 99
END

* * * * * * * * * * * * * * *SIjBROII|INES FQf,t¡t{'t * * * * * * * * * * * * * * * * * * *

'STIBROUTINE I TO REÀD IN CÀIJB(I) FROM CAT. FILE (CÀLROSS RECCIRDS)

1 REI{
PRT}fT IIPLEASE E}ITER, CALTBRATION DISK INTO DRIVE B.II
INPTII IISTRTKE IMTTER] I{HEN READYII,SRAPS

S55 ¡¡¡¡grrg¡ *. *rr
INPUT I'DESIRED FII,E (WITTIOIII FII;$NÀI,ÍE ÐCIENSION) :'',CAT$
CAL$=rrþ¡rr+Cår,$+rr RCALI TENSURES CAIJROSS FILES,DRIVE B
OPEN CÀL$ FOR INPUT ÀS #I
CI-S: PRINTIICÀTJBRATION FACTORS READ FROM FTIFII:PRINT
FOR I:1 TO 9
INPUT #r,CÀIJB(r)
PRINT CArrB(r)
NEXT I
TNPUT 'ICONIINUE WITH EDIT (Y/N) '';ANS$
IF AllS$=rrNr OR AIiIS$=tt¡tt THEN GO TO 555
crosE#1
RHN.]RN

2 REI,ÍSUBROUTINE E}TTRY POI}ÍT.
'SUBROUTINE 2 IS USED TO GET THE TRÀVERSE COU}ITERS.
OPEN F$ AS #I LEÎ.I:768

FIELD #r,Lgz ÀS A$,192 AS 8$,192 AS C$,192 ÀS D$

REC:49rLast record contains desired data-
GET #l,RECrRead data.
FOR I=1 TO 96
K:I*2-1
DATACNT (I):CVr (¡GD$ (AS' K' 2) )
DATACNT (I+96) =CIII (MID$ (B$, K, 2 ) )
DÀTACI¡T (I+192 ) =CVl (MID$ (c$, K, 2 ) )
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DATACNT (I+288 ) =CVr (MID$ (D$, K, 2 ) )
NEXT I
' DÀTACS¡T NOT{ IS PRTMED WITTI TRÀ\IER^SE COUI¡ITER^S.
IFILE IS LEFT OPEN, AS DATA WITL BE REÀD IN I4LTN-TJNE.
RHIURNT Back to nrainline.
Rn,ÎEDTD OF SI'BROININE T'WO.

3REb{ Subroutine for reading unedited data.
IFTLE TS ÀTREÀDY OPEhI.

FoR CH?=l fo Stloop through I channels.
REc:(cfI8+ (T8-f ¡ *g¡
GET #I,REC
PRI}TT CH8 i.I READ. " 

II

FOR I:I TO 96
K=f*2-1
DÀTAI{IS (I' cHt) =Cx/I (¡{rD$ (À$, K, 2 ) )
DATAI{IS (r+96, CHt) =91¡¡ (MID$ (B$, K, 2 ) )
DATÀ,gtS (I+192 , ffi*):C5/I (MID$ (C$' K,2) )
DATAI{IS ( I+2 88, cHt ) =CÍ/r (MID$ (D9, K, 2 ) )
NEXT I
FOR I=I TO 384

IF DATAI{IS ( I, CHt ) > 327 67 THnr DÀTAPIS (I, cHt ) =DATAPIS ( I, cHå ) -6553 6

NEXT T
NEXT CH*
PRTNT IITRAVERSE II;TI.II READII
RHIURNT Back to urainline.
REX.{EI{D OF SI'BROUTINE TIIREE.
I

4RE¡,ISUBROIITINE FOR WRTTING EDITED DATÀ.
IF Tt=I fHEh{ GOSUB 40
PF|:TNT IIMADE TRA\IER.SE *** II'TS;II ***N
FOR H8=l To ItI-oop through all channels.
FOR I=I TO 96
Z$=Z$+Mlc$ ( ffr (DATÀI{rs (I, Ht) ) )
Y$=Y$+MK[$ ( INT ( DATAIIIS ( I+96, Ht )
Q$:Q$+MKI S ( INT ( DATAPIS ( I+192, H*
X$=X$+MI(I$ (INT (DATA TS (I+288, HT
NE}(r I
I,SET L$=Z$: LSET M$=Y$:I^SET NS=Q$: LSET O$=X$
REC:H?* (Tt-l) *g
PUt #2,REC
z$=rtil !Y$:tttr 3Q$-tttt ix$=tttt
pRItIT n CH,¡\NNEL rigtiil WRITfENil
NEXT HT
RETURNT Back to mainline.

4OREIVISUBROUTINE TO OPEN EDITED DATA FITJ.
FE$:¡ç*t'ED'r rAdd file extension.
oPEN rE$ AS #2 LEN=768
FIELD #),tgZ A^S L$,1-92 AS M$,192 AS N$,192 ÀS O$

RETURN
RH.{END OF SUBROUTINE 40 (CÀLLED BY SUBROUTINE 4).

sREM SUBROTTINE TO TASK ON RECORD 49 (DATACIIT) TO EDIÍED

Friday, Novernber 15, 1985 Page 3

))
)))
)))
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IDATA FTLE.
FOR I=I TO 96
K=ïrr2-1
Z$:Z$+Mt<tS (INT(DATA,c$flr(I) ) )
Y$:Y$+¡t<l $ ( INT ( DATAcx\rT ( I+e6 ) ) )
q$=Q$+MKr$ ( ffr (DArAcsrr ( r+1e2 ) i )
X$=X$+MKI$ ( INT ( DATÀC$¡I ( I+2ss ) ) )
NEXT T
LSET L$=Z$: I^9ET M$=Y$:I-SET N$=A$:LSET O$=X$
REC=49 | DATÀCI¡II RECþRD.
PUr #2,REC
Z$=ltrt ! Y$-rttt !Q$=trtt ! X$=trrr
RHTURN
RN{END OF SUBROTITTNE 5.
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PIOTRM. BAS

5'THISPRoGRÄMIsPÀUG9REI{N,IED.ITwA^SUSEDoNTTIEFIRSTDATABI¡CKREGA
RDING l,fy rHEsIs. TTIIS IS ${E I,À^ST VERSIoN oF TI{E PRoGRAM I^tHIcfI DID Nc,lI| I
NCLUDE AN EDITING SECTION.
10 DrM DArÀrrys(400,8),c(8),srRrKE(5) 'Hrr(4'19)'ys9l1!199).lcPx(4oo) 'cPY(400) ',

vcpx (4oo),vcÞy(4oo),Rvcq(1gõJ,vÀfiöol ,ùvÞnçiål ,AxÈs(32),ÐGs2(32) 'H(10) 's
DvaIJM(ioo),Hs (s),FDvsuM(400),2'c(5)
20 cr-s
30'FoLI.owINGREADSINDATÀUSEDFoRDRAI.INGÐ(ESq,O FOR I=1 TO 32: I FOR CPXTETC'PI¡T
50 REÀD ÐGS (r)
60 NE}$ I
70 DÀTA 2oo, IToO ,2650' I70o ,2650,9900 ,26?9'17q9 - 

t 'Y9*'forces
so DÀrA gr¿oliióólsroö, rzoö,4L2or??90,-!\?o, 1790 :-'-9!I'-c.lY
90 DATA 5590, i7oó, isso, izog, oszo ,sgo-9t^65-7^9, 1790 

- 
: rvcP-xrvcPY

I0o DATA eoggliió 6 ,gégg ,170ö,90Iö , 9eoô, sote, 17oo : TRVCP,VA

iro FþR r=t ro 24 : 'FoR FoRcE PIþT
LzO READ AICS2 (r)
130 NE>CI r
140 DATA 7Oo,r7oo,33OO'r7OO,33OOr9?99r319!'1ZOO
r5o DAIA szoolrzoó,oaoô, r7oÒ,sooo'??99':990'1700
160 DATA 67OO"iZOO,gSOO,r7oo'8ooor??0919-000' 1700

170 WHRESH:Iöi ,rö r¡s. MnÍ. BEFþRE CPX'ET.c. eÀIcuÀ'rED
180 TBA^SE:92 . 5 :' BÀSE WIIÍIII INCfmS
190}EIG}IT'=4S.6:IPERPEhIDICIIIÀR}IEIGTITATÀPEx
ãoo s!{rrcil=200: I THrs rs ÀBour I voLTS oN À/D
2Lo c(1)=36s oo/25o:c(2)=c-(lt;ðJtrg-Gl:9I1) r-s-oooo/to:c(s)=c(4) :c(6)=c(4) :c

i7i=ri'-' ðtel=ii'coÑsta¡¡'is. FOR vAL;uE DE.'DING
22o H(l) =- .s7226:H(2) =.!!92t¡rill =-t-Vlgaz:H(4) ='I54e'7:H(s) =-'oe2o24

:H (G) =. 051667 : H (7) =-lòãåe : H (8) =. orà¿z :H (9) =-e' tisggesE-o3 : I FoR DIG

DIFF.
23OPRINTIIPAPM,PT¡TPROGRAMCOMPATIBI'EWITHIÐ747OAPI¡rII{IÍERII
24O PRINT II------- --- II:PRINT:PRIN

T
25O PRINT II THIS PROGRAM LOADS IN EDITED GAIT DATA' CAICUIÀTES CENTRE OF

PRESSIJRES AIID REIÀTED pen¡¡'e;äns, NP pnovroes rgn' oFTIoN oF A DATA PRIN

iour, AND sEvERAL FoRl{s oF DATA Pf¡TSrr
260 PRINT
27O PRINT ''BEFORE PROCEEDING T¡TJRTIITER' PLEASE ENSURE TIIAT THE PIOT1IER IS CO

NNE"'ED 
'fiOUGH 

COM 2 AI'ID TITAT BO[T{ 'íTTg FR NTER AND PI'O{TTER ARE ONII

280 OPÐI "coúä: 2iOO,S, 7, rrP-s'cs, DS32oOO' CD"AS#3

2so pRrNT:rNpur ,,prease 
""t"i-ãåãirea 

datã aiår in drive B, strike [enter]

,äå"""ãift,$T;líffii:, selecr one of rÌ¡ese fire reference numbers.";:FTLES "B

: *. ?EDrl
3IO PRïNI:INPUI TTFILE NUMBER [tiçh-99t the ED suffix]: "'N$:B$:"8:t''gg¡q¡$=
; Eó,' t ¡aç=s$+Ñg : Eg=Ng+suFx$ : F$=3ça"ç I gl,q 

^
320 Cr-s: rNpuT'rsELEqr e mÁvnnsÈ' tr' 2t?,.!, 5,o! 9]-3-'il.T3
330 pRrNT:pRrNT'pREpARE rnn- prcdn'ñoioå-'fum pnr¡¡tm' wHrLE DATA rs BE'NG

REJ\D INII
340 GOSUB I58O 'DÀTA GRÀB SUBROUTINE

350'ÀrTHISPoINt,ol¡eTRÀVER^SEoFDATAHÀSBEEI.IloADED
360 pRrmr:pnr¡rr-;-rneve35g i"I'g,' IiÀs A DÀTA COUNI OF I'COUNT

37O pRr*r:rNpur r crv' rnnvsR^sn DESCRITrtdn-ivpe (e.g.wRLR ) "'TYPE$

3BO pRINr:PRïNT rrONE ETERNITT VTHILE I DETERMINE CPX'CPY'ETC'rr

ãgo t RoLrtrNE To FIND cPx,ETc' Fout'ows
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400 FþR Z=COUNI TO 400:VSUM(Z)=O:CHK(Zl=O:CPY(Z):0:NE)([:
ICLEAR ARRÀY FROM I,AST USE

4IO FOR Qt=l TO COIINI
42O fF DAÎAPIS (Qt, Z¡ <SI^IITÛI T¡IE¡I DATÀI{IS (Qt, Z¡ =0 EI-SE

DÀTAPIS(Q*,Z)=I: 'PUIS lrs OR 0rS IN SI^IITCH CHÀNNEL 7
430 IF DATAPIS (Qt, e¡ <SWITCH THE¡I DATAI{IS (Qt, e¡ =0 ELSE

DÀTAHfS(Qt,g)=tt TPIIIS lrs oR 0rS IN SWITCH CHANNEL 8
44o vSUM(Qt) =DATAI{IS (Q8, r¡ +DATAIITS (Q*,2¡ +DATAI{IS (Q8, a¡
450 t following used for h.s. ident routine
460 IF Q8<20 TrmN GOTO 520
47O FVSUM=DATÀPIS(Qt+f ,I)+DATÀgtS(Qt+f ,2)+DATAITS(Qt+l,3): |¡'[.]:IURE

ST'M
480 FVSUM:DATÀPIS (Qt-I, 1) +DATAPTS (Qt-r, 2 ) +DÀTÀPIS (Qt-I, 3 ) : I PAST S
UM
49O FDVSUM(Qt) =F\¡St¡l¡-VsUM(Qt) : I PRESEh¡II FIRST DIFFEREh{CE
500 PFDVSUM:VSIIM(at)-PVSUM: |PAST FIRST DIFFERENCE
510 SDVSUM(Qt)=FDVSU¡I(Q8)-PFDVSUM : I SECOND DIFFEREh¡CE
52O IF VsIIM(at)<I/IIIRESH ÏHEN cPX(Qt)=0:CPY(Qt¡=9:VCPX(Qft)=a¡

VCPY (Qt¡ =s : RVCP (Qt) =0 :VA(Q3) =0 : C'OT9 620
530 IBOARD MUST HA\IE I¡AD
540 tfollowing finds CPX
550 ¡¡¡¡41=(þATAPIS(0t,2)+2¡vDATAIIIS(Qt,3))*TBASE/2
560 CPX(Q*)=NUIILWSUM(Ot) : rinches -Iarrgest value 92.5
570 rcpx=0 at NE coxnerrincreases going west
580 tfollowing finds CPYTFCPY
590 NUM2=DATAPIS (Qt,2) *tmlCHt
600 CPY(Qt)=Ntt¡,f2lVSUM(Qt) : rinches-Iarrgest value is 45.6
610 tcpy:O at N siderincreases going souttr
620 MlCr Qt
630 | ROUTINE TO FIND VCPXTVCP:ITRVCP,VA USING F.I.R.DIFF.
640 I TAKEh{ FROM ONE-DIM.DIG.SIGNAL PROC.CTII-TSONG CHENG PÀGE 204
650 FOR Z=COI]NI-20 TO 400:VCPX(Z)=0:VCPY(Z)=O:RVCP(Z)=9¡ NE>C[ Z

: ICLEÀR.S ARRAY FROM IÀST USE
660 FOR Qt=10 TO (COUNT-IO)
67o VCPX(Qt)=0:VCPY(Qt)=0:RVCP(Qt)=0: rCLEÄR^S ÀRRAYS (STARTTNG VALUES

FOR $IIS IÆP)
680 rF VSITM(Q8-g)</THRESH OR VSUM(Q*+9)</THRESH THEN 760
690 FOR N=-9 T0 9
700 IF N=0 THEN GOIO 740
7LO fF N<0 THEN CC=+H(-N) EI-SE CG-H(N):' SfGNS OPPOSITE OF IN BOOK
72o VCPX (Qt) =VCpx(Qt) +ccv'cPx (Qt+N)
73o vcPY (Q*) =vcpv (Qt) +cc*cPY (Q!+N)
74O NEXT N
7so RvcP(Qt)=SQR(VCPX(Qt) ^2+vcPY(Qt) ^2)
7 60 *Xr Q8
77O ' ROI.¡IIINE TO FIND 1IEEL STRTKES BASED ON RVCP
780 J:15
790 FOR I=20 TO COUIIT-l0
800 DELTARVCT-RVCP(r+r) -RVCP(r)
8lO IF J>=IS Al{D DELTARVCP>:.7 ÀND (RVCP(I+1)+RvcP(I+2)+RvcP(I+3)+RVCP(I+
4)+ RVCP(I+5) )/5>=l THE¡{ PRI}¡T "(RVCP) }IEEL STRIKE ÀT'rriI:J:o
820 J=f+I
830 NEXT I
840 PRÏNT
850 ' ROT.]IIINE TO FIND IIEEL STRTKES BASED ON VERTICÀL FORCE DERTVATI\ÆS
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860 K=T:J=20: IIITTN OFFSET BS$.¡EEN IIEEL STRTKES
870 FOR Z*:25 TQ (COIrNf-2s): iSKIP FIR^ST AND IÀST PORTIONS
880 J=f+I
890 FoR )O(8:O TO 3:SUM=SUM*RVCP(Z*+)O<*):NEKT )O<t
900 A\IRVCFSW4:SUM:0:IF À\IRVCP < I.5 TIIEII eÐIO 920
9l_o rF sDVsuM(z*)>1.5 ÀìrD sDvsuM(zt+I)>1.s ÀI.rD( (sDvsul,t(zt)+sDVStrM(zz+L))/
2)>5 AND J>:20 THEN PRfb¡l[rr(FORCE DER.) tmEL STRIKE ÀT rr Zt :HS(K)=I
t:K=K*I:J=O
92O NE}CT ZT
930 TNPU|"FTNTSIIED READING HEEISTRIKES?'',GÀRBAGE$
94O I I"ÍAIN MEX{U FþLIOWS
950 CI-S:PRTNT I'T{ORKTNG WITTI DATA FOR TRÀ\TERSE II TT:PRTNT
960 PRINP''SET,ECT ONE OF: (1) DATA PRT}.ITOUT Q) FþRCES PI¡T (V,YT/LIP/A
) (3) Prpr cPx,Erc. (4) PECK

(5) GET NEVI TRAVER^SE (6) GET NEW Frr,E
ll

97O INPUT CDS
980 IF CD$:rtIrr TIIEN CÐTO L26Oz I PRII.¡T ROLITINE
990 IF CD$=rtsrr THEN FIÀG=O:GOTO 320 : |NEW TRA\IER.SE
1000 IF CDS=rr6rr ÍI{f,[[ FrAG:Q:C'ÛTO 290 : INEW FILE
1010 IF FraG:I GOæO L21O
1020 FïAel
IO3O I SOME PI¡4T ROUTINE MUST HÀ\TE BEEN SELE TED OR ET,SE AN I}IVALID ANSI^TM.

1O4O PRINI:PRINI:INPUT rrDO YOU WÀNI TO GIVE ME THE TE${PORÀL E\IEh¡I|S? (Y/N)
ttrTE$ :PRIllT
1O5O IF TEç=ttNrr OR Tg$=tt¡rr THEN GOTO 1210 : I SICIP FOt'OI{ING If N/A
1060 IF TE$<>rrYrr À¡[D Tp$<>ttytt THm[ C'O,'O 1040: 'TRÀP
1O7O IROTTIINE TO INPUT TE¡,ÍPORAL EVENTS FOLT¡VüS
IOSO PRTNT:INPTIT'IINU¡{BER OF RTG}IT TTEEL STRIIGS='I ;STRTI(E(1)
IO9O PR[}TT:INPUT'IINUMBER OF LEFT TIEEL STR[I(ES='''STRTKE(2)
1100 PRINT:INPt¡ltr||NUMBER OF RIGHT ToE OFFs=tt ;STRII(E(3)
11lO PRIIIT: INPtmt |rNU¡4BER OF LEFT TOE OFFS=rr ;STRII(E (4)
1120 FOR S=l TO 4
1l3o IF STRTKE(S)=O THEN GOTO 1200
1140 FOR Fr TO STRTKE(S)
1150 IF S=I THEN PR[I[T:PR[N[,IIIIT. OF RTGHT }IEEL STR.IKE NTI¡IBER: II;P;II =II

: INPUT;IIIT(1, P)
1160 IF S=2 THEN PR[NT:PR[I'¡1T,IIE{T. OF T,EFT }MEL STIKE NUMBER: II;P;II =II.

rrTo rF s=äHtffiffu:tr*,,,*. oF Rrcnr ron oFF NUMBffi: rr;p'rr =rr'

lrgo rF s:lHtî"Hffu:k-*,r'E{r oF r,EFr ron oFF NUMBER: rr;p;rr =rr¡

r19o NEXT PrNPtrr;Hrr(4'P)
T2OO NEXT S
1210 PRTNT:PRTNT
I22O fF CD$=ttzrr TTI¡¡iI GOæO 3580 : TFORCES PIPI
1230 IF CD$=rt3rr TIIBI GOIIO 1510 : TCPXTETC.PI¡T
I24O IF CD$=tt4rr THEN CûTO 3190 : rPEcK PIOT
1250 G0T0 950: |TRÀP
1260 r pRrNT ROITTTNE FþLIOWS***** ******************** ** **tf *******
I27O BEEP:INPU]I|| PRESS RETURN IF PRINPER IS READYTTTPOOP$
1280 CIS:PRINI:INPüI I'SELEclr oNE (I)PRINI AI;L DATA F/L (2)PRINI SEcaIoN
s oNLY " ,PD$:IF PD$=tt1tt1'ON 1370 EI-SE IF PD$=tt2rrTHEl'I 1300 ELSE 1280
T29O ' AE}BREV:IÀTED PRINT OUT ROT'TINE
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I3OO PRINI:INPIIT||GI\ZE ME TIIE NO.OF ZONES A¡¡D TI{E ZONE RÀNGE (NO.IIIS EITHER
srDE oF CE¡ITER gr. ) 'r , Nz , zR
13LO ON NZ C,OTO L32O,1330,1340r1350,1360
1320 INPUT rrGfVE ME THE zoNE cElIfER ",ZC(f ) :GoTo 1380
1330 PRINT rrcfvE ME THE rrNZi:INPUt rr ZONE CEbflfER^S t'rzC(l) 

'ZC(2):GOTO 
13

80
1340 PRINT rrGfVE ME THE ||NZ;:INPUI rr ZONE CEhqfERS 'r,ZC(l) ,ZC(z),ZC(3)

:GOTO 1380
I35O PRINT rrcfvB ME THE rrNZi:fNPUT rr ZONE CE¡¡ÏER^S "rZC(l) 'ZC(z),ZC(3),Zc(4) :cÐTo l-380
Ij6O PRINT ilcnZE ME THE rrNZi:INPUf rr ZONE CE¡¡IIER^S r'rZC(I) ,ZC(z),ZC(3),2
c(a), ZC(s):c'oTo 1380
1370 NZ=l : FIR=I : IÀ.S=COUNT
I38O LPRIIIT trFfI,ENAl,fE' rrN$rr [RÀ\ÆR'SE NO: rrTtrr TYPE' ttTYPE$

:LPRINI :LPRtMt
1390 I,PII:TNTIIE{T. L R VSI'M YT/L P/A FDÍVSUM SDVSUM VCPX VCP

Y RVCP rr: LPRINT
1400 FoR Ft ro Nz
1410 IF PD$=ttlrr THEN 1420 EISE FIR=ZC(T)-ZR:IÀ^S=ZC(T)+ZR
1420 FOR Q8: FIR TO LAS
r43O LpRr¡rT Q* TA8(6)DÀTArnS(Q*,2¡TAB(]"I)DÀTAI4IS(Qt,e¡TA8(16)I¡mNSUM(Q?
) ) TAB (22) INT (DATAPIS (Q8, a¡ +DATAIIIS (Qt, s) ) TAB(28) II.¡T(DÀTAI{I'S (8T,6) ) TAB (33) ; :
iÉnrnr ubmc,i ###" #*"rrDVsuM(et) ,sDvsuu(e*) ,vcpx(et) ,vcpY(Qt) ,nvcP(at)
1440 MlCr Q8
1450 LPRT}¡T
1460 NE}CT T
L47O GOTO 940: I}ÍATN MENU
1480
1490
1500
r5t0
1520
1530
1540
r550
1560
1570
1580
r590
1600
1610
L620
1630
1640
1650
1660
1670
1680
1690
1700
cH?)
1710

E}TD OF PRTNTOT.]T SECTTON
***********************************************************

cPxrETC. PI"OT ROII|]NE FOL;t¡f^iS * * ** ** * * * * * * * * * * * * * * ** ** * * * *
BEEP: INPI.JITII PRESS RHTURN IF PI¡TTER IS REÀDYII,POOP$
C'OSUB 2760: IAXES AND I,ABEI.^S SUBROUTINE
GOSUB 1780 :IPIþTTING ROIJIIINE
coIO 950 : rlfAfN ME¡{U

| *************************************************************
I DÀTÀGRAB SUBROUIINE
' T}IIS ROUTTNE TS MODIFIED TO DECODE VAEUES ON READ-IN
OPEII F$ ÀS #1 tnN=Zes
FIELD #L,Lgz AS A$,192 AS 8$,192 ÀS C$,192 ÀS D$
GEl #1,49
K:T8*2-1
couNr= c\rr (MrD$ (A$,K,2) )
FÐR Cf,I8: I TO II ATìIU\Y C(CHT) HOLDS THE DECIODING CONSTA}¡ITS

GET #1, (CfIt + (Tt-r¡ *s¡
FOR I=1 TO 96

K:f*2-1
DATAI{rS(I,CHå)=Cx/I(MID$(À$,K,2) ):DÀTAPTS(I,cfl8)=DATAI{IS (I,cHZ)/c(

DATAI{TS(I+96,ffi*):c\rr(MrD$(B$,K,2)):DÀTAsrs(I+96'cH?)=
DÀTÀI4rS (I+96 ,C:ttZ) /c(cHt)

DATAr{ls (r+19i , cHti=cvr-(MtD$ (c$, K, 2) ) : DATÀPrs (r+192, cllS) =
DATASIS ( r+r92, Gt) /c cftz)

]-720
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DÀTÀPIS ( I+2 88, CHt ) =Cl/I (MIDS (D$, K, 2 ) ) : DATAPTS ( r+288, CHt ) =
DATAPTS ( I+288, ffit) / C (gft*)

NÐ(T I
NE}cl CHT
CI¡SE I
RETURN
| ****************************************************************
I CPX.ETC. PLO.HTING SUBROIITINEIPI¡ÎS VSUM
Y:1700
PRfNT #3rrfPtJ;SP2¡Pfl 2650 rr'Y'rr ;PD;rl
INCR:8200/COUNI: rtime interr¡al depends on count
VSCAIiEI= (26so-2oo) / zso
FOR I= 1 TO COUNT

Y=Y*ïNCR
X=2 65 O-VSIM ( I ) ¡IVSCAIjEI
PRtNf #3r rrPA rr 'X' rr rr;Yi rr i rr '

NE}M IIPI¡TS CPX
Y=I700
PRINI #3rtt!{JiSPltPU 4120 tt ;l;rtiPD;rl
INCR=820O/CO[]NT
SCÀLEX= (4120-3 14 O) /92. 5
FOR I= I TO COUNI

Y=Y*INCR
X=4 12 0-CPX ( I ) rtSeÀI;EX
PRINI #3rrrPA tt;[;tt rt;l;rt;tr.

NE}$ T
I
IPIOTS CPY
POSI = 6570
Y=l700
SCAIiEY= ( 6s70-ss9 Ol / 4s . 6
PRINT #3, ilpU ilipOSIir rr ;l;r ipD;rl
FOR I=l TO C0UNT

Y=Y*82OO/COUNI
X:POSI-CPY (I) *SCÀLEY
PRINT #3rrrPA tt;[;rt "iYit';tti

I

,NE>Cr 
I

IPI'TS RVCP
POSI : 901-9
Y:I700
SCRVCF2'ISCAIiEX
PRIIIT #3rrrPU tt;pQ$f ;rr tr;l;ttiPD;rl
FOR I=1 TO COUNT

Y=Y*820O/COUNI
X=POSI-RVCP(I)'kSCRVCP ' r 2 xrs value for c¡rx
PRINT #3rrtPÀ tt;[;rr t';Y;rtitti

NEXT I

Page 5

1730

L740
1750
L760
L770
1780
L790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
]-970
1980
1990
2000
20I0
2020
2030
2040
2050
2060
2070
2080
2090
2100
2 I10
2120
2130
2I40
2 150
2l-60
2I70
2180
2r90
2200
22LO
2220
2230
2240
2250
2260

I

PRTNT
I

f3rrsP 2;rl ICÍTANGE TO PE}T TWO

ÀI{D SDwlMrPr¡rs vA, vcPY,
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2270
2280
2290
2300
23r0
2320
2330
2340
2350
2360
2370
2380
2390
2400
2A¡.O
2420
2430
2440
2450
2460 PRINT $3r"PL;SPI;PU 0r0;"
2470 IF TEç=ttnrr OR T¡$=tr¡¡tt THE^I GC''O 2620
Z4gO PRINT:INPUT"DRAW TH{PORAL E\¡E¡IIS (Y/N) "; D3$:IF D3$<>rrYrr AND D3$<>"y"
Àl.ID D3$<> rrNrr AlùD D3$<>rrnrr THEN GOTO 2480 :rTRÀP

2490 IF D3ç=ttNrr OR D3$=tt¡tr THEX'I GOI¡O 2620
25OO PRINr #3 , rrSP 2 ¡Df. O, l; SI . 15 .2 iÜT't;+CIIR$ ( 1) ; rr ;rl
2510 FOR S=I TO 4
2520 IF STRIKE(S)=O THEN GOTO 259Or NEXI SIRIKE
2530 FOR Fl TO STRTKE(S)
2540 IF S=I TIIEh{ X=2650-VSCALEI*VSUM(HIT(1,P) ):Y=1700+HIT(1'P) *9zjo/corl
NT :pRINI #3rilpu n¡2775ì[ ¡'.y_lg0iilipD,.LB ¡¡¡tt;*CHR$(r);il;pu il;xi
r rr;yirt;pD 9999 riyiripUirl
2550 IF S=2 THEN X=2650-VSCAIiEÌ¡wSIIM(IüT(2,P) ) :Y:1700+HÍT(2 

'P) 
*8200/coU

NT :pRtNI #3rl'pu Ii2775in il.y_19oirr;pD;LB rrIili*cHR$(1);nipIJ rix;
rr r;li,r;pD 9999 iliyiilipU
2560 IF S=3 IIIEN X=2650-VSCÀLE1'IVS[M(HIT(3,P) ) :Y=1700*HIT(?lP)'t820_0_/coU
NT :PRINI #3rrrPU tt;!!QQ;tt tt'Y-250;tt'PD;LB RTOrrt+CfIR$(1) ;t';PU rr;X

,. 
rr il .Y. il ,PD gggg rr;f ; rr iPui rl

257O IF S=4 THEN X=2650-VSCALE1*VS[IM(HIT(4,P) ) :Y:1700*HIT(4'P) *8200,/CoU

NT :pRtNT #3rrpu rr;2900im l.y-250;r''PD;LB LTO'|'+CHR$(1);tt;PU rriX

it' tt;l;tttPD 9999 tt;l;tt;PUirl
2580 NEl(r P
2590 NEXT S
2600 PRrMr #3rilPu 0 oitt
26T0' E@EEE@EG@@O@EGG@GGE@@@EG@G@ @@ EEE@@GEEG@E BEGINNING OF VSUM SHIFT
2620 PRINT:INPÛTIIDO YOU WANT VSUM SHIFE? ..,V$:IF V$=II¡II OR V$:II¡II TIIEN GOT'O

2740 EI^SE IF V$<>ttYrr AND V$<>ttytt TFIEN GOTO 2610
2630 PRINr:INPTJ.i''sOURCE POINT: i',SOURCE:PRT}¡T:INPI}T''DESTTNATION POINT: II,DE

ST
Z 6 4 O INCR=8 2 0 0/ COUNT : VS CALE l= ( 2 6 5 0 - 2 0 0 ) / 2 5 o

2 65 O Y:17 0 O*DEST* INCR : X:2 6 5 0 -VSUM ( SOURCE ) *VSCAIiE I
2660 PRINI #3,ttsPl;LT 6;PU rr;X;rr tt;f;tt; PDirl
2670 FOR I=SOURCE+I TO CÛUNI
2680 Y:YtINCR
2690 X=2650-VSIJM(I) *VSCÀI;EI
27OO PRINT #3rrrPD tt;Xitt rr,'Y'rr'rr

POSI = 4l2O
SCX/X=SC.ALEX*2
SCX/Y:SCÀLEY*2
FOR GR =I TO 3

Y=1700
PRINT #3rttff rr;POSI'I rr'Y'rr;pþ;tt
FþR I=1 TO CûUNI

Y:Y*82O0/COUNI
IF GR = I THEN X=POSI-VCPX(I)*SCID(: t2 xts value for cpx
IF GR = 2 THEI{ X=POSI-VCPY(f)*SCXñí: t2 xt s value for cpy
IF cR = 3 TIIDiI X:POSI-SDVSI'M(I)*(9019-8039)/9O
PRINr #3rttPÀ |l;Xitt tr;1,'tt;rr;

NE}ff I
POSI:POSI+? 49.5
NE}CT GR

FOLTOWING DRÀWS TE\TPORAL IJNES (IF GT\ÆN ) ON CPX,ETC. PLCN
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27TO NE}CT I
2720'!@eGGeeeee@eeeeeeeeeee@ee@ee@e@eee@@ee@eG@@ E¡{D oF vsrrM sHrFT
2730 PRINI #3rIPU;SPI;PU 0r0i,,
2740 REIrURN
2750 | *********************************************************lr****
2760 | À>rES AND IÀBELS SUBROIIIINE FOR CPX,ETC.
2770 PRINI f3, IIN;SCO,9999,O,9999isp1i"
2780 PRINr f3,ttp1'ttt+CtIR$(1);t"DI 0rI;PU 0,2000tLB FILjIIIAME'rr;N$+rr TRÀVERSE
: ,, ,. sTR$ (T8 ) +" TgpE: "+TypE$+Cf{R$ ( I) ; " ; "2790 PRINT #3rilD:tilt+CHR$(1);,,;DI 0rt;pU 0,8000iTypErtwpE$+cf{R$(t) r";"
2800 FOR I= I T0 32 STEP 4 | DRÀWS Ð(ES
2810 X=IllT(À)'Gs(I) )2820 Y=IllT(À){Es(I+I) )
2830 PRINI f3rrrLT;PU,trXr tt,,r rY rtt;Pþ;tt2840 X=INI(A){ES(I+2) )2850 Y=INI(Ð{ES(I+3) )
2g60 PRINT #3, rPAil ,Xrn , r,!r il - il
2870 NEICI r
2880 |

2890 IDRAWS IÀBET,S
2900 PRINT #3rilDI 0rliPU 700r7000;LB VERTICÀ,L FORCESTTt+ClfR$(1)
29LO PRII¡T #3 r,tiPtt 3180r7000;LB C.P.X";+CHR$ (1)
2920 PRINT #3 r il ipU 5600r7000tL8 c.p.y. ";+CÍIR$ (t)2930 PRINT #3,rr;PU 8100,7000rL8 RESULTANI VEL. (C.P.)tt;+CHR$(1)
2940 PRINT #3rrrSP 2¡F{Û 3380r7000tL8 \IEI¡CITY C.P.X.t';+CHR$(1)
2950 PRINI f,3,rr;PU 5800r7000rLB VEI¡CITY C.P.Y. rr;+CIIR$(1)
2960 PRrltT #3, rSP 1; rl

2970 |

2980 I FOLT¡WING I{ARI(S SCALE VÀI,I'ES ON Ð(ES
2990 I'I\IERTICÀ! FORCES *
3000 X:2650
3010 FCIR I=0 TO 250 STEP 50
3o2O PRINI #3rrrpu tr;[;tt 1000ilBtt'STR$(I)+cHR$(I) ;"i"
3030 TE Í>225 TtrEt[ GO4rO 3090
3040 FOR J=l TO 5
3050 PRItflT #3rrrPU tt;[;tr 1700;PD;Xl;rl
3060 Yr-X-245O/25
3O7O NE}ST J
3080 NEICr I
3090 PRINT #3,rrPU 200 L700iPD;XT;"
3100 | ¡kCPX *
3110 PRINI $3 , "E{¡ 5100 850;LB" ;STR$ (-92.5) +CIIR$ (I) ; " ,.PU 3I40 850;LB'r ;STR$ (
92.s)+cHR$(l) i,'i',
3].,2O PRINr #3rilPU 7550 850;LB";STR$(-45.6)+CÍIR$(1);,"PU 5590 850;LBrr;SfR$(4
5. 6) +cf{R$ (I) ;,';',
3130 PRINT #3,ilFU 9999 850iLBr;STRç(-92.5)+CHR$(1);,,rPU 8039 850;LBil;STR$(9
2.5)+cfIR$(t);"r"
3140 PRrNt #3, rPU 7550 200;LB /3";*CHR$ (r) ; tt;p[J 5590 200 ìLB /3n;+CHR$ (1) ; ";
3150 PRr¡flr #3rilPU stOO 200;LB /3";+CIR^$(r) ;',;FU 3140 200 ìLB /3t';+CHR$(1) ;'r;

3]-60 RETURN
3170 |

3180 l***************************tr*rr****************Jú*tt
3190 IPECK ROI.]IIINE
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32OO BEEP:INPUTTTPRESS REIURN IF PI¡'IIER fS REÀDYTTTPOOP$
3210 PRINT #3, ||IN;SCOr9999,O,9999iSP1;rl
3220 PRINI #3rilDTrr;+CHR$(I) ;tt ;DI 0r 1;PU Or2000;LB FILN¡U,fE! rr;N$4tt TR.AVERSE
: " isrR$ (Tt) +'r TYPE: "+TYPE$+CIiR$ (1) i I' i "
3230 PRIIIT f3rtrgl'tt;+CIIR$(1);t"DI 0rliPU 0,8000;WPE";TYPE$+CÍIR.$(I) it';tt
3240 PRIIIT #3,rrPU 6000 10000;PD 4000 10000;"
3250 Ir LEFT$ (TYPE$, l):rt¡4tt OR LEFT$ (TYPE$, 1)=rrr^rrr TTIEX'I

PRIì¡T #3,ilPU 4120 9880;PD 4000 10000;PD 4L2O 10120;rr EI^SE
PRI¡{r #3rrPU 5880 9880;PD 6000 I0000;PÀ 5880 L0120;il: ' DRÀWS

ARROWHEADS
3260 PRIIÛT #3rrrDl 0 1;rl
3270 PRINT $3,"IN;IP 1150 1825 9150 5825;SC 0.000 8.000 0.000 4.000;SP I;PA
0 O;PD 8 0;PÀ 4 4 O O;PU 0.5 3;PD I.5 3;PU I 3.5;PD 1 2.5ì" 'r DRÀWS TRIÀN

GLE
3280 pRrNr #3 r',DT,,;+CHR$(l) i" i"
3290 PRIMI #3,rrDI 0,1;PU L 2.25iLB Nrr;+CÍIR$(1) iIirl
3300 PRIN| #3 , ttDI 0, 1;PU I
3310 PRIñT #3rrtDI 0,I;PU 0.
3320 PRINI #3rrrDI 0rI;PU J-.
3330 mINr #3rrSC 0.000 92.

I,B Sil;+CHR$(1);,,i,'
975tLB E" i+CHR$ (l) ;" ;rl
. 875;LB W" ;+CHR$ (1) i rr i rl
.000 45. 60;rl

3.5t
42.
652
500

3340 FOR J=I TO C0UIIT
3350 X:CPX(J) :Y:CPY(J)
3360 IF (Y=0) OR (X:0) fiIE¡¡ GO4IO 3380: TDONTT PI¡T ZEROS
3370 PRINT #3rttPUiPA tt;[;rt tr;f;triPD;tt
3380 NE)(r J
3390 PRINI #3rrrDF,'Dætt;+cHR$(I);"tDI 0rIiPU 1030 1825;LB 0r0rr;*CHR$(f);tr;PU
927O 1825;LB 92.5,Orri+cHR$(f);tt;PU 5150 5945;LB 46.25,45.611;+CnR$(1);ttiPU;rl
3400 PRINT #3rrrPU;SPItPU 0r0i"
34IO I PIPTS TIEEL STRTKES & TOE OFFS ON PECK
3420 IF TE$=ttnrr OR TE$=tt¡,¡tt TIImI GO1rO 3570
3430 PRTMT:INPUTIIDRAT^T TM{PORAL EXTEI¡ITS ON PECK (Y/N) 'Ii D$:IF D$<¡IIYII A}TD D$
<>rryrr AND D$<;'tt¡¡tt .Al¡D D$<>rrnrr ÍÌI{E{ GOTO 3430
3440 rF (D$=tt¡tt oR D$=tt¡tt¡ oR (TE$<>ttYtr AIiID TE$<>tt"tt) TIIEN GoTo 3570
3450 PRTNT f,3,"fN;fP 1150 1825 9150 5825;SC 0.000 92.50 0.000 45.60,'rl
3460 pRrNt #3r"Sp 2,.Dr 0,I;[rIr;+CÍIR$(1) ir';'l
3470 IþR S=1 TO 4
3480 IF SIRIKE(S)=O TIüN GOTO 3550
34eO FOR È1 TO STRTKE(S)
3500 IF S:1 THEN X=CPX(HIT(I,P) ):Y=CPY(HIT(1,P) ):PRINT #3,rrPU tt;[;rr tt;Y
*1i t';PD rr,'Xirr tt;Y*6;rriLB IìHrr;+cHR$(I) ttt ;tt
3510 IF S:2 THEN X:CPX(HIT(2,P) ):Y=CPY(HIT(2,P) ):PRINT #3,rrPU tt;[;rr rr;Y

-I;';pD' ;[;tt tt;y-6;*ipg tt;[;tt tt;Y-10;tt;pD;LB L]Irr;*CHR$(1) ;,t;,t
3520 IF S=3 ftmN X=CPX(HIT(3,P) ):Y=CPY(HIT(3,P) ):PRINI #3,rrPU rt;[;tr rr;Y
*r;tt;pD il ixiil il ;Y+3 iiliLB F[ror;+cHR$(1) ;tti,,
3530 IF S=4 THEN X:CPX(HIT(4rP) ):Y=CPY(HIT(4,P) ):PRf¡m #3rrrPU rr'X'rr rr;Y

-1;rr.pD iliX;il il.y-3;il ;pU rr;[;rr rr;y-g;[;LB ¡1gtt;*CHR$(I) ;tt itt
3540 NÐ(r P
3550 NE>ff S
3560 PRINT #3, rrPUiSPI;PU 0r 0; rl

3570 GOTO 960: r¡,fÀ[N MENU
3580 t FORCES PIOT FOLLOWS *****************************************
3590 INPUT''SEI,E T (1) ALL FþRCES PIOT (2) \¡ERTICAL ONLY PI,oT II;PFIÄ,G

3600 IF PFI,AG<>T AND PFIÀG<>2 THEN 3590: ITRAP

3610 BEEP:INPutf"If the plotter is ready press tElWERl key ";Z$
3620 PRrNr #3,I'rN;SCO,9999 ,O,9999 iSPrirl
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3630 PRINT f,3rttp1'rt;+CHR$(1);";Dr 0,1ipU 300r5000tL8 ÏRÀ\/ERSE t';STR$(T?)+CI{R
$ (1) r r'; "
3640 PRI¡¡Tr #3rnDI O,l;PU 0r5000;LB FIüENAME il;N$+CX{R$(r);'r;PU 700r6000;LB V
ERTICAT FORCES'' ;+CÍIR$ ( I)
3650 PRINr f3rr;pU 3700r6000rLB MEDIO LATERAL FORCES'|;+CHR$(r);";pU 6700r56
00;LB ANIERIOR POSTERIOR FORCES" ;+CHRS (I) ; " ; "3660 IF PFIÀG:2 TIIEII QFg EI-SE ÇF24
3670 FþR I= I TO QQ STEP 4 |DRÀWS Ð(ES FOR FORCE PIPT
3680 X:INI(ÐGs2 (I) )3690 Y=INI(ÐGS2 (I+1) )3700 FRINT $3rrtLT;PU,,rXr,, r,, rYrrr;PDirl3710 X:INT(A)(ES2 (I+2) )3720 Y=rNT(ÐGs2 (I+3) )3730 PRINT #3rrtPA rr;X;rr rr;t,'rr;rrr
3740 NE)ff I
3750 TT,VERTICAL FORCES ******************* MAKES TICK MARKS
3760 X:3300
3770 FOR I=0 TO 250 STEP 50
3780 PRINT #3rrrpu rrix;rr 1000;LB";srR$(I)+cHR$(t) i"i"
3790 IF I>225 TTIEN GOTO 3850
3800 FþR J=l TO 5
3810 PRIì¡T $3, tt¡ry tr;[; tt 1700;PD;X|; tt

3820 X=X- (33OO-7O0) /253830 NE}CT J
3840 NEler I
3850 PRI¡¡ll #3 , 

rrPU 700 1700 i PDi)Cf i "
3860 IF PFLAG=2 THEN 4O2O
3870 I* MEDIO IÀTERAL *
3880 X=6300
3890 PRINI #3,rrPU 6300 1000;LBrrrSïR$(-40)+CIIR$(1);,,rPU 3700 1000;LB";STR$(4
0) +ct{R$ (1_) ; r'; il
3900 FûR I:0 TO 16
3910 PRIì¡T #3, rrPU tt;[;tr 1700;PD;)C| ;¡t
3920 X=X-(6300-370O)/I6 : |I.{ARI(,S EVERY t0 LBs.
3930 NE>CT I
3940 I* A}ITEFUIOR POSTERTOR *
3950 X=9300
3960 PRIMT #3,rrPU 9300 I00o;LBrrrSïR$(-40)+CIIRS(1);"rPU 6700 1000iLB"tsTR$(4
0) +cfiR$ (t) i',;,,
3970 FOR I=0 TO L6
3980 PRIIIT #3, rrPU rr iX; rr 1700;PDiXl; "3990 X=X-(9300-670O)/L6 : TIUIARICS EVERY 10 LBS.
4000 NE)ß I
4010 |

4020 '$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ Pr¡rrrNG RourrNE FoR FoRcE
4030 Y=1700
4040 PRIMI #3,rrPU;SP2 ;PU 3300, ",Y,t';PD;rl
4 050 INCR=82OO/CYO[]NT
4060 VSCALE2= (3300-700) /25O
4O7O FOR I= t TO COUNI
4080 Y:Y*INCR
4090 X=3300-VSUM(I):IVSCALE2
4I00 PRI¡¡T #3, rrPÀ tr;[; tt tt ;Y; tt ; t';
4110 NEICr I
4l2O IF PFTÀG:2 TIIEN 4270
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4130 |

4140 POSI = 5000
4150 FOR cR =2 TO 3
4160 Y=1700
4I7 o SCMT,PA= (5000-370o) / 40
41gO PRrMt #3rilPUilrPOSr rrr rrr rYril;pþ;rr
4190 FOR I=1 TO COUNT
42OO Y=Y*INCR
42IO IF GR = 2 THBiI X=POSI-(DÀTAI{TS(I,4)+DATAI{IS(I,5) )*SCS{LPA
4220 fF GR = 3 THEIiI X=POSI-DATÀPIS(II6)¡kSCMr,pA
4230 PRINT #3rttPÀ tr;[;tt rriYirrirri
4240 NEICr I
4250 POSI=POSI+3000
4260 NE)(T GR
427O PRINT #3rrrPU;SPl;PU 0r0irf
4280 IFOLTOWING DRAWS TTX'TPORAL IJNES (IF GIVEN ) ON FORCE PI¡T
4290 fF TEç=trnrr OR TE$=tt¡tt TT{EN GO{IO 4430
4300 PRINI:INPUI'|DRÀW TEX{PORÀL E\IE¡ITS (Y/N) "i D3S:IF D3$<¡t'ytt ÀND D3$<>"y"
AIID D3$<> rrNrr AIID D3$<>tt¡tt TgE¡{ GCrfO 4300 : r''RÀP

4310 IF D3ç=trNrr OR D3$=tt¡tt TIIEI¡ GO{¡O 4430
4320 pRrNr #3, r'Dr 0r 1;Sr . Ì5 .2;DTil 

'+CHR$ 
(r) ; "; "

4330 FOR S=I TO 4
4340 IF STRIKE(S)=O THEN GOTO 44LOr NEXT STRIKE
43sO FoR Fl TO STRTKE(S)
4360 IF S=I T¡IEN X=3300-VSCALE2*VSIIM(HIT(1,P) ) :Y=L700*HIT(1,P) *8200,/COU
l¡11: PRINT #3 r rrPU ,t ì3425' tt tr;Y-190; rt tPD;LB RHtt;*CHR$ (1) ;rr;PU rr;X; rr tt;l; tt;PD 9
999 rr;Y;rr;PU;rl
437O IF S=2 THEN X=33OO-VSCAI;E2rtVSUM(HIT(2,P) ) :Y:1700*HIT(2,P) *8200/COU
NI:PRTMI #3rilPU n¡JQ)$in iliY-lgoirtiPD'LB 1¡¡tt;*CIIR$(I);tr;PU rr;X;rr tr;l;tttPD 9
999 tt;l; tt iPUi rl
4380 IF S=3 TIIEN X=3300-VSCÀLE2TIVSUM(HIT(3,P) ) :Y:I700*HIT(3,P) *8200/COU
MtTPRINT #3rrrPu rri3550;rr ttiY-250irr;PDiI,B RTOrr,'+c[IR$(I);tt;PU tt;)(;rr rr;Y;rriPD
9999 rt;l;rtiPU;rt
4390 fF S=4 TIIEN X=3300-VSeÂl;82¡IVSIIM(HIT (a, P) ) : Y=I700+HIT (4 , P) *8200/COU
NI:PRIMI #3rrrPU tt;l$$Q;tt rriY-250irr;PD;LB LTOtt;+CHR$(l);tr;PU tr;)(;rr rriYirr;PD
9999 rr;1,' rr;PIJ;rl
4400 NE)$ P
44IO NE>C[ S
4420 PRI¡¡T #3 , rrPU 0 0; rl
4430 CI-S:INPUT ttssr,FCl (T)TH{PORAL sHrFT (F)rRAcnroNAL SPLIT (M) MAIN ME

NU il, Dr$
4440 IF DI$:rtTil OR Dl$=tt¡tt THEbI 4450 ELSE IF DI$:ttFrr OR DI$:tt¡tt THEN 4960

ELSE IF DI$=ttMrr OR Dl$=tr¡tt THEII 940 EI-SE 4430
4450 'E@G@@GE@EEE@GGEGEE BEGINNING OF TN'iÍPORAL VSUM SHTFT
4460 IROUTINE TO SHIFT OVER TRÀILÏNG EDGE
447O PRINI:INPUT"SOI]RCE POINI: TTTSOURCE:PRINI:INPI,TTTDESTINATION POINT: rr,DE

ST
4 48 O INCrt=8 2 0 o/CAUNI : VSCALE2= ( 3 3 0 0-7 0 0 ) / 25o
4490 Y=17 OO*DEST'IINCR: X=3 3 00-VSIIM (SOURCE) *VSCAIE2
4500 PRINT #3rttsPltLT 6iPU rr;[;tt t';YittiPD;rf
4510 FOR f:SOURCE+1 f0 COUNI
4520 Y=Y*fNCR
4530 X=3300-VSI]M(I)'IVSCå'I;E2
4540 PRINT #3, rrPD tr ;)(; tt rr;f e rr r rr

4550 NE)(r I
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4560 IF PFIÀG:2 THEN 4720
4570 ' FOLIO!{rNG FOR TEr,fP SrilFT ON rvL ÀND P/A
4 5 I 0 Y=17 0 O+DEST* INCR : X=5 0 0 0- ( DATAHIS ( SOURCE, 4 ) +DATAPTS ( SOURCE, 5 ) ) * SCIvfLI'A
4590 PRIIÛT #3, rrPU rt;[;tr rt;l;tr;PDi rl

4600 FOR I=SOURCE+I TO COUNI
4610 Y:Y*INCR
4620 X:5000-(DÀÎÀPIS(I,4)+DATÀITS(I, 5) ) *SC¡ar,pa
4630 PRIIIT #3rrrPD rr;X;rr tt;l;Ú;tt
4640 NE>CT I
4 65 O Y:I7 0 O*DEST,I INCR : X=8 0 0 O-DATAPIS ( SOURCE, 6 ) * SCIvlLPA
4660 PRIIIT #3rrrPU tt;[;rt tt;f;tr;PDirl
4670 FOR I=SOURCE+I TO COIrNt
4680 Y=Y*INCR
4690 X=8O0O-DATAP[S (f , 6) TISCMLPÀ

47oO PRIìIT #3, ttPD tt;[; tr tt;l; tr ¡ tt

47LO NE}CI I
4720 'ROUTINE TO SUHIRACTTVELY DETERMTNE AND PIPT LEADING EDGE OITIIER FOOT
47 3 O INCR=8 2 QQ/COUNT : VSCAIiE2= ( 3 3 0 0-Z 0 0 ) / 2SO
4740 Y=l7OO+DEST*INCR:X=3300-(VSUM(DEST)*VSCÀr,82-VSIIM(SOURCE)¡IVSCAËE2)
4750 PRTNT #3r||SPI;LT 6;PU tt;[;tt tt;l;ttiPDirl
4760 FþR I=l TO IO
4770 Y=Y*INCR
4780 X=3300- (VSttM(DEST+I) ¡IVSC¡\I.82-VSUM(SOURCE+I) ¡IVSCALE2)
4790 PRII.¡T #3rrrPD tr;)(;rt tr;l;tt;tt
4800 NE)$ r
4810 PRINT f3, rrPtJ;SPltPU O, 0iLTirl
4820 PRINI:INPUTTTDO YOU WAI.IT T/E OF NEXI STEP PI¡'TIED ? "IV$!IF V$=rt¡rr OR V
$-rrnrr THEN GOTO 4930 ELSE IF v$<>ttytt ¡$þ V$<>ttytt TIIEh{ GCrfO 4820
4830 rNpUFr crvE ME l,Í[D , START ||,I[[DTSTART
4 B 4 O INCR:8 2 QQrlCOlNI : VSCALE2= ( 3 3 0 0-7 0 0,) / 25O
4 I 5 0 Y=17 OO*MID*INCR : X=3 3 0 0 -VSUM (MI D) TIVSCALE2
4960 pRrNt #3rrrspliLT 6;pu tt;[;rt tt;l;iliPDirl
4870 FOR f=I TO 10
4880 Y=Y*INCR
4890 X=3300-(vst M(MIDII) *VSCAIE2-VSUM(STARFFI) *VscALE2)
4900 PRI¡¡T #3, ,,PD tt;[; tr tt;l; tt ; tt

49IO NE)CT I
4920 PRINT $3, rrPU;SPItPU 0,0;LT;rl
4930 GOTO 940 : IMAIN MENU
4e40'GeGecG@Gee@ee@ceecG@e@e@GGee@@@e@@@@Gee@@@ END oF vsuM sHrFr
4950 |

4960 t FR.A,CIIONAI, DETERI"ENÀTION OF VERT FORCES
4970 INPUT"GI\IE ME H.S ÀND TOE OFF TIl,fES rr,HSrTOF
4 9 8 O HSCPX:CPX (HS ) : TOCPX=CPX ( TOF) : SIFABS ( TOCPX-HSCPX)
499 o INCR=B 2 0 Q/COUNT : VSCAIiE2= ( 3 3 0 0-7 0 0 ) / 25o
5OOO IROIITINE TO PTgI LEÀDING EDGE
5010 Y:17OO*HS*INCR: X=3300
5020 PRINI #3 rrt$PliLT 6 iPU rriX; rr tr;l; tr;PDirl
5030 FOR I=HS+I T0 TOF
5040 Y=Y*INCR
50s0 RHL=ABS (CPX(I) -HSCPX),/SL:RII-=I-RHL
5060 AI{L=RIIL*VSUM(I)
5070 X=3300- AHL*VSCÀLE2
5080 PRINT #3rrtPD tt;){;tt rr;l'rr'rr
5090 NE)flt I
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5100
5110
5l-20
5130
5140
5150
5160
5170
5180
5190
5200
5210
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IROIITINE TO PIOT TRÀILING EDGE
Y:17 OO+HS*INCR : X=3 3 OO-VSUM (HS ) ¡IVSCALE2
PRINT #3rttsPltLT 6;¡ry rr;X;rr tt;l;triPDlrl
FOR I=HS+I TO TOF

Y=Y*INCR
RHI;ÀBS (cPx ( I ) -HscPX) /SL: RII;I-RHL
ÀTIFRTL'IVSUM(I)
X=3300- ATL,IVSCALE2
PRIì¡T #3rrtPD tt;[;tt il;l;rt;rr

NEICr r
PRINT $3, rrPU;SPI;PU 0, 0iLTirl
GOTO 950: rl,lÀ[N MENU




