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ABSTRACT

A digital data acquisition, storage and analysis system was devel-

oped to process the six reaction force signals induced in a triangular

force plate by a subject walking across the force plate. The system made

use of a TI 9900 based Technico 9900 microcomputer which was available

for the project. An expansion bus with interface cards was designed and

buÍlt to allow interfacíng of the computer to a 16 channel 12 bit samp'le

and hold ana'logue to digitaì converter, a digital plotter, and other

peripherals. Two floppy disc drives and a printing video termÍnal are

al so used.

An algorithm which determÍnes the instant of heel strike from the

vertica'l force records has been developed and is presented. The a'lgor-

ithm is then used to reconstruct the vertical tíme varying force of

particular foot strike patterns (eg. a left foot and right foot striking

the pìate) by combining the vertical force records of other foot strike

patterns (eg. a'left foot only striking the force plate, and a right

foot on'ly strÍking the force plate). An extension of thÍs force recon-

structÍon technique allows the center of pressure during doub'le stance to

be reconstrrcted. It al so al lows the weight transfer during dorSle

support to be analyzed. Both reconstrrrtion techni qræs are especial'ly

useful when force pl ates 1 arge enough for mul ti p1 e successi ve foot

stri kes are not avai'l abl e.

The heel strike aìgorithm proved extreme'ly accurate (within 4 msec)

when compared with simultaneous data taken from shoes equipped with heel

contact swi tches. The reconstruction procedures prodtrced records of

vertical force and center of pressure which compared very weìì (typically

within 3% and 5% respectively) with measured records of the same types.
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NOMENCLATURE

A to D Analogræ to Digital converter

A1 AnterÍor-posterÍor reaction force
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G Gai n of amp'l i fi er stage
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msec Mi I'l i second

Mx, W, Mz CartesÍan components of moment

M1, MZ Medio-lateral reactÍon forces

N Newton

Nm Newton meter

P Gait cycle period

Qt, Qe Time scaling factors
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RAM Random access (computer) memory
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viii



Nomencl ature ( Conti n ued)

5l-56 Circuit switches

St-S¡ Instants of heel stri ke

t TÍme variable (in sec)

TI Texas Instrments Incorporated (Registered Trade Mark)

TI 9900 TI type 9900 central processing unit

TTL Transistor-transistor logic famÍ'ly Íntegrated circuits

Vt - V¡ Vertical reaction forces

Y7 Input vo'ltage to conditioning amplifier channel 7

V+ Positive supply voìtage (+t5 volts)

V- Negative supply voltage (-15 volts)

X Space coordinate in dÍrection of wal king

Y Space coordinate directed to the rÍght from the
direction of wa'l king

Z Space coordinate directed downwards

& Denotes a hexadecimal number or memory location

* Denotes multiplication

74t Type 741 operationa'l amp'li fier
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CHAPTER 1

I ntroductÍ on

1.1 Gait Studies in PerspectÍve

Locomotion in the fonn of walking or running is one of the most

fundamental of hunan activities. Studies of the basic mechanÍsm of hunan

gait were recorded as early as the 17th century [1]. Investigations had

to be made on the basis of what could be observed direct'ly. Inadequate

instrumentatíon made systematic studies almost impossible. The flourish-

ing of science and invention in the late 19th and early 20th centuries

resulted in the development of many ingenious devices to measure foot

contact forces and body segment displacements 12-71. These were usuai'ly

crude devices whÍch presented on'ly an approximate measure of gaÍt para-

meters. Analysis of the resu'lts was a very ìong and tedious process.

The advent of ci nematography made the fi rst accurate di spl acement

measurements possÍble in 1934 [8]. Electronic Ínstrurnentation to measure

forces allowed the first accurate force records to be taken in 1952 [9].

Systematic studies became possib'le at thi s time, and resul ted in srch

classic descrÍptions of gait such as that of Murray [10] (1967). The

advent of computers to do the calculations and digitaì data acquisition

systems to automatical ly record measurements has made systematic analysi s

far easier and has made more complex analyses possible.

Modern gait studies have demonstrated the value of force and dis-

p'lacement records in eva'l uating normal and abnormal gait [10-16]. Since

automatic dispìacement measuring equipment is considerabìy more expensive
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than similar force measuring equipment, much current research has been

devoted to force record studies. There are strong indÍcations that force

records contaÍn suffÍcient information to adequate'ly assess the sóiects

posture, genera'l stability [11], and gait lt21; and that dísplacement

records may not be necessary for most c]inical evaluations t131. Con-

sequentìy, force plates wÍlì probab'ly become a standard piece of equip-

ment Ín hospitals and rehabilitation centers.

t.2 Problem Statement

l.lhile a good triangular force p'late was availabje for the project, a

satisfactory method for ana'lyzing data collected using the plate was not.

Data had been conditioned by ana'logue means and stored on magnetic tape.

Data ana'lysi s was therefore sl ow and tedio us. A digi ta'l data ac qui si-

tion, storage and processing system is necessary to enable the more com-

plex analyses which are proving usefuì to be done, and to make the system

c'l i nical 'ly practical .

Films of the subject's gaÍt were necessary to time the force records

with the patient's gaít cycle. Analysis of the films is also very time

consuming. If an al gorithm can be deve'loped to determine a particular

instant (eg. hee'l strike) in the gait cyc'le from the force records and

perhaps walhray contact sensors, filming wiì1 not be necesary for routine

patient studies.

Most hospitals and rehabilitation centers on'ly have access to the

smal I force p'lates which are commercial'ly avail able, and which are ìarge

enough to measure the forces of a sing'le foot only. Consequent'ly they do

not allow studies of double support. Methods to reconstruct the vertical
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force which would be prodrced from multÍpìe foot falls, and which would

allow the motion of the center of pressure to be reconstructed from

sing'le foot force records woul d a'l I ow studÍes of dotbìe support. Current

research [14,15,].7,181 has shown the val ue of srch studies in assessÍng

both nonnal and abnormal gait. A clinical system to perform these

functions is not presentìy available but would be a great aid in clÍnical

assessment of a patient's gait during srch times as therapeutic treat-

ment, natural recovery, and prosthesis fitting and evaluation.

1.3 Statement of Objectives

The objectives of this project are:

(1) To develop a digital computer system which will acquire, store

and process gai t force data. The data ac qui si tion system must prod trce

minimal Ínterchanne] time skew.

(2) To develop an algorithm whÍch will determíne the instants of

heej stri kes from the p'l ate reaction forces and from foot contact wi th

force sensitive areas of the wa'l kway.

(3) To use the heel strike algorithm to reconstruct the vertical

tÍme varying force of particular foot strike patterns by combining the

vertical force records of other foot strike patterns.

(4) To reconstruct the motion of the center of pressure during

double support using the heel strike algorithm, and the vertical force

records of separate left and right feet.

(5) To work towards a system suitable for clinical use.



CHAPTER 2

Literature Survey

2.t Introduction

The purpose of this chapter is t! review the main literature which

deals with gait force measurement and with the clinical usefulness of

gaÍt force and center of pressure records. The extent of the lÍterature

and the nunber of råcent articles indicate mr.rch current interest in these

s ubj ects.

2.2 Force Measurement

The first reported attempts to measure foot reaction forces were

made by the French researchers Carlet [2] and Marey [3] Ín L872. They

used a pneunatic cell attached to the sole of the subject's shoe to

measure his vertical floor reaction. Three ingenious techniques for

measuring foot reaction forces were later deve'loped by German research-

ers. In 1882, Beely [4] had his subjects walk across a sack of p]aster

of pari s. Thi s produced a permanent footprint wtrich actual'ly provided

more information about the foot shape than the foot reactÍon forces. A

technique which measured forces was developed by Abrahamson [5] in 1925.

A hard surface was covered with steel shot and then with a thin sheet of

lead. The shot indentations in the 'lead sheet prodrred by the subjec_t's

traverse of the sheet were taken as proportional to the local maximun

I oad. In 1926 , Basl er [6 ] devel oped a 10 stri ng harp on wtr ich the srö-

iect stood. By plucking the strings, the string tension and hence the

local contact pressure could be determined.
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Time records of forces became possible with the advent of cinema-

tography. In 1934 Elftman t8l filmed the deflections of a corrugated

rubber mat from the mderside of the g'lass plate on which it rested as a

subiect traversed the mat. The mat deflections were taken to represent

the app'lied load. In 1954, Barnett [19] filmed the deflection of verti-

cal perspex rods into a rubber support as the subject wal ked across the

top of the rods.

The first force p'lates capable of measurÍng al1 three floor reaction

components were reported by Amar i7l in 1916 and by El ftman [20] in 1938.

While Elftman's rectangular plate measured all three reaction components

and was the most accurate device available at the time, Íts large

deflections, together with the inertia and friction of the linkages pro-

duced large errors in the measured forces. A1so, no permanent force

record was prodrced.

Modern foot reaction force measurements are carrÍed out using eÍther

force pìates or instrunented shoes. Force plates are genera'lly easier to

use as the subiect need not be encu¡nbered with specia'l footwear, instru-

mentation and an ur¡bilical cord. He can walk comfortably in his own

shoes. Force plates are also generally'less expensive and easier to use

as one p'late wi'l 'l fi t al 1 subjects. Al so, the instrunentatíon need not

be miniaturÍzed so that it will fit inside a shoe. These advantages are

ìargely responsible for the current popularity of force p'lates. Modern

force p'lates are nonnally interfaced to analogue or dígita1 data acquisi-

tion systems which among other things, produce a permanent force-time

record. Some plates stch as the trianguìar plate of Yamashita and Katoh

[15] measure onìy vertical forces. Others, such as the rectanguìar



6

plates developed by CunnÍngham and Brown [9] and Grundy et al. t141, and

the triangular force p'late developed by Balakrishnan and Thornton-Trunp

[21] allow vertícal and horizontal forces to be measured. These plates

act as rÍgid bodies and only allow the total foot force and center of

pressure to be measured. Grundy et al. i14l have developed a plate wtrich

incorporates a glass window covered with a thin oil film. The glass

pìate and oil film allow the instantaneous foot contact areas to be

fiìmed from beneath. The contact areas are then correlated with the

measured forces to provide a more complete picture of the subject's gait.

In L976, Scranton and McMasler l22J made use of a ìiquid crysta'l whose

colour is pressure dependent. The liquid crystal material is incorpor-

ated into a sheet which Ís spread on a supporting p'lexiglass sheet. The

sheet is filmed from beneath as the subject walks on it. The liquid

crystal sheet colour is then decoded to determine instantaneous contact

press ures .

The primary advantages of force measuring footware over force plates

are that the formen do not necessariìy require the subject to step on a

certain part of the floor or wal kway and that the nunber of seqæntial

steps measured is not limited to a few at most by the force pìate size. A

great varÍety of footware has been deve'loped. Shoes developed by Spolek

[23] have strain gauge load cells Ín the heel and sole to measure all

contact forces and moments exerted at these two areas. A more detailed

description of foot reactÍons is avaílable through shoes having a matrix

of piezoelectric transducers incorporated ínto them sr¡ch as deveìoped by

Hennig l-241. These however, only measure vertical force, and require

very expensive instrunentation.
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Studies abound on the use of force records produced using instru-

mented shoes 123,24f, and especia'lly those produced using force p]ates

[14-18,2L,22,25,26f. These works have corporately demonstrated the val rc

of force records Ín gait study, and in eval uation of prosthetic devices

and therapy. Many of these studies are not detailed here as they provide

on'ly a general basi s for thi s work.

2.3 Center of Pressure

Several studÍes have been done to determine the center of pressure

from force plate reactions. Studies of this type have been done by

Yamashita and Katoh [15], Cunningham [17], Murray et al. [11,18] and

Grundy et a'|. t141. Center of pressure is used by these researchers to

describe normal and abnormal gaÍt. Murray et al . t11l al so used the

center of pressure to evaluate postural stability and steadiness. Grundy

et al. t14l have found center of pressure useful in studying weight

transfer durÍng normal and abnormal gait. They are al so using it to

study barefoot wa1 king and the effect of footwear on gait. In another

investigation [18], center of gravity and center of pressure are studied

during such activities as rising from a seated position and jr,mping. It
has been suggested by Cavanaghl?TJ, that specíal techniques using verti-

cal force and resultant moments must be used if center of pressure paths

of several subjects are to be averaged together.

The literature does not show that any work to date has used center

of pressure calculations to Ídentífy the instant of heel strike. Nor is

there any Índication that others have reconstrrcted the force record of

particular foot fall patterns from force records of other foot fall



patterns. For exampìe, reconstruction of

successive left and right foot strikes on

force record (ie. where on'ly the left foot

foot force record.

the force records

a force pl ate from

strrrck the pl ate)

8

prodrced by

a left foot

and a right



CHAPTER 3

Data Acqui sition System

3. 1 I ntroductÍon

Ana'logue data acquÍsition and processing is expensive. In this

study at least four channel s of information must be recorded and seven

channel s are preferred. Further processing to determine the centre of

pressure requires considerable expensive analogue hardware. The alterna-

tive is to develop a digÍta'l data acquisition and processing system.

The first objective of this project was thus to develop a system to

measure, store, and process gait floor reactÍon forces. A block diagram

of the system which was built is shown in Figure 3.1. The system has

three main parts: the force plate which measures the gait reaction

forces, and its approaches; analogue components wtrich provide scaled

vol tage signal s proportional t¡ these forces; and digital components

which sample, store and process these sÍgnals. The author built or

assembled all of the equÍpment shown except for the force plate and

strain bridge amplifiers, which were built by Dr. S. Balakrishnan.

3.2 The Walkway and Force Plate

The 1.22 n x 2.44 n trÍangular force plate shown in Figure 3.2 was

instrunented to measure the six corner reactions shown. These reactions

provided sufficient information to calculate all three force components

Fx, Fy and Fz and a'll three moment components, MX, IrV and Mz exerted on

the p'late by the patient. The details of the plate and its transducers
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are given by Balakrishnan t131.

To allow the subiect to traverse the force pìate wÍth his normal

steady state gait pattern, L.22 m wide by 5.64 m ìong approaches were

provided leading up to and away from the force p1ate. To provide addí-

tional heel strike information, the section of each approach immediateìy

adjacent to the force plate was made force sensitive. This was done by

hinging these sections as shown Ín Figure 3.2. springs were provided to

rai se the force p'late edge s'l ightly above its rigid support. l,lhen the

sóiect exerted a moment of more than approximately 6 Nm about the hinge

axis (a force of aboul 20 N at the center of the hinged section) the

springs were compressed sufficientìy to open a microswitch and thereafter

make the hinged section rest on its rigid support. This deflection was

very sma'll and did not interfere with the gait of the subject.

3.3 Analogue Equipment

3.3.1 Strain Bridge Amp'lifiers

Since the force plate is mounted on steel transdrcer elements, the

strain of these elements wil I be ìinear]y proportiona'l to the plate

reaction forces. The transducer straÍns are converted in turn to vol-

tages, a'l'l of whÍch have linear dependence on the strains, by six strain

bridge amp'l i fiers; one for each transdr.¡cer. The three transducers to

measure the vertical reactions V1, Y2 and V3 were wired as ful I

bridge systems having tlvo active and two temperature compensating gauges

mounted on the transdrcer.

The three horizontal transducers which measure the medio-lateral

reactions Ml, 142 and the anterior-posterior reaction A1 were ful I

bridge systems having two active gauges mounted on the transdrcer and two
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compensating gauges mounted in the amplÍfier rack. All six amplifiers

were calibrated to have a zero offset and a gain of 44.5 mV/N. This

bridge arrangement was found to be quite satisfactory. All channels had

a full range linearity within +L/2%. Unfortunately, the use of 741 type

op-amps on the ínput causes a slÍght amount of drift and very low fre-

quency noise. Since neither of these factors affected the amp'lifier gain

or'lÍnearíty, it was possible to overcome these problems dÍgitalty as

outlined in Section 5.3.

3.3.2 Switch CondÍtioning

Section 3.2 describes how an area of each approach immediately adja-

cent to the force plate is equipped with a mÍcroswitch wirich opens when

more than approxÍmately 20 N is exerted at its center. Since the data

acquisÍtÍon program is designed to samp'le a maximun of seven channels,

and there are six independent force pìate signals, only one channel is

left to record switch positions. The circuit shown in Figure 3.3 pro-

duces four distinct vo'ltages dependent on the four possible binary states

of the two approach switches. The resulting voltages are shown in Table

3.1. These voltage levels are easily decoded to determine the switch

positions. The kill switch shown in Figure 3.3 is used to ground the

trigger channel input and prevent normal triggerÍng.

3.3.3 Conditioning Amp'lifÍers

The data ac qui si tion system i s desi gned to be as versatil e as

practica'l. It can be confÍgured as shown Ín Figure 3.1 for real time

gait data acquisition. It can also be used to digitize and anaìyse data
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from other sources strch as a tape recorder.

The conditioning amplÍfiers are designed to condition signals so

that they are suitable for conversion to digitaì form at the analogr.re to

digita'l conversion (A to D) unÍt. Each of the eight amplifier channels

is composed of three stages: a variable gain non-inverting amplifier, a

second order low pass filter and a writy gain inverter, as shown ín

Figure 3.4. Switches 53 to 56 allow the filter and inverter stages to be

independently switched in and out of the circuÍt. Further, if switches

55 and 56 are both open, the BNC connector wlrich is usm'lly used to moni-

tor the output can be used to input signal s to the A to D converter

through the ribbon cable. This feature has proved useful for input of

such sÍgnaìs as that from a pair of instrunented shoes used to check the

heel strike a'lgorithm (See Section 6.3). The printed círcuit board was

designed as shown in Figure 3.5 so that all components could be nnunted

in DIP sockets to allow components to be changed easi'ly. This feature

proved to be useful on several occasions during circuit development and

caused no circuit relÍabi1Íty problems.

The first stage of each amplifíer channel Ís a variable gain non-

inverting ampìifier. This confÍguration allows a hÍgh (1 Megohrn) input

impedance. Switch Sl is províded to isolate the coarse and fine DC off-

set circuit R7 to RLO thereby allowing the offset null R5 to be set. The

coarse DC offset R8 is provided t¡ el iminate ìarge offsets on incoming

sÍgna1s and/or to offset the output by as mrch as several volts if
necessary. The fine DC offset R10 is operated from the front pane'l and

is used to compensate for strain brÍdge amplifier drift and for fine DC

offset adjustment ín general. The gain potentiometer R6, also operated
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thefrom the front pane'l, sets the stage gain to 1 + R6/(Rl + R2). tlith
resistors shown, gôins from unÍty to about 50 are possible.

When data are transferred from a tape recorder, a considerable

amount of high frequency noise (50 KHz) is observed. This seems to be

tape bias. The second order low pass filter is incorporated to remove

this noise. The circuit component val ues are determined from the chosen

cut-off frequency Fc by

. Rll=R12=R

R14=2R

CZ = 0.707@r
CL=?CZ t28l

The val æs shown in Figure 3.4 are chosen to make the cut-off freqr.ency

approximate'ly 110 Hz, and to give a roll-off of 40dB/decade above this

frequency. The design proved very effective. The general configuratíon

allows two different cut-off frequencies to be used if necessary for

other appl ications.

The fÍnal stage of the system shown in Figure 3.4 is an inverting

amp'lifier, whose gain given by G = R16/R15, has been set to unity. A DC

offset circuit wÍth isolation swÍtch 52 has been provided for but not

Ínstalled as it was not needed for the present work. This stage is use-

ful for inverting reversed polarity tape recorded signals.

The amp'lífier was used in most of its possib'le confígurations with

gains of 4, 20 and 30. it maintained outptrt drifts of less ¡f¡¿¡ + 5 mV

and gain variations of less ¡¡¿¡ +.05% from day to day when it was

properìy warmed up, and hence, only required occasionai recajibration.
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3.4 Digital Equipment

3.4.1 Introdrrction

The digital system is desÍgned around a TI 9900 based Technico 9900

micro-computer. The system was chosen on the basis of its low cost and

16 bit CPU. Also, this system was one of the few 16 bit systems avail-

able at the tÍme it was acquired. This turned out to be an umfortunate

choice, made before the author became Ínvolved in the project. The two

main problems wÍth the system are its very poor reliability which is a

consequence of Íts margÍna'l hardware design and Íts severe lack of soft-

ware support since the CPU is non-standard. These and other lesser

unnecessary problems have been the cause of hundreds of hours of frustra-

ting extra work to the author. After several years of work these

problems have been surmounted and a flexÍble data acquisÍtion system has

been buil t.
The computer bus is non-standard, several years obsolete and aìready

overl oaded. Hence, an eíght sl of bus expansion wi th porver supp'ly in

accordance with the new TI bus structure was fabricated. This allows any

of the several boards designed for thÍs bus to be used. Since the fanout

of certain bus driving integrated circuits Ín the main computer is

already excessive, a high impedence bl-directional interface is used to

drive the expansion bus. The main custom dÍgital conponents, namely the

bus interface and the plotter interface are detailed in the following

subsections. They have both proved to be very rel iable.

3.4.2 Expansion Bus Interface

The expansfon bus is interfaced to the main computer with two custom
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interface cards, one of which plugs into the I22 pin non-standard comp-

uter bus. A block diagram of this interface is shown Ín Figure 3.6. The

card'loads the computer bus wÍth at most 2 additional LS TTL gates. The

expansion bus is designed primari'ly for memory mapped devÍces. Hence the

address decoder is designed to decode the six most signÍficant address

'l Ínes and read data from the expansion bus when addresses &E400 to &t7FF

are read by the CPU. These buffers drÍve a four foot long ribbon cable

which goes to an el ectronical ly identical card which accepts the ribbon

cable and plugs into the expansion bus. In this way, buffers are pro-

vided on both ends of the cable to reduce noise and gmrantee reliable

operation. The interrupt lines are connected without buffering though

they are not used Ín the present system.

3.4.3 Pl otter Interface

The plotter Ínterface shown in Figure 3.7 is quite similar in struc-

ture to the bus interfaces. The plotter is mapped to memory location

&E7FF, and hence its address decoder generates a high devÍce select

sÍgnal only when &E7FF is addressed. This signaì together with the lllrite

Enable and Data Bus In controì signal s are used by the decoder to produce

read and write signal s for the buffers. This configuration al lows

writing 16 bit instructions to the plotter and reading the pìotter status

bits.
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CHAPTER 4

Analysi s

4.1 IntroductÍon

LÍ ke most things when considered in retrospect, the analysi s

presented here may seem straightforward and perhaps even obvious. How-

even, the procedure is new, and many of the concl usions wtrich are drawn

from it are new, far reaching and of considerable practical importance.

There was a need for a r,niform time base which could be used to com-

pare force records. A single subject, for instance, ffiây walk at slight'ly

different speeds on several successive traverses of the force plate and

he will almost certainly vary his gait speed from one day to the next. A

unifonn time base allows the effect of speed variations to be almost com-

p'leteìy eliminated, and gives a proper base for calculating the harmonic

frequency components of gait.

The dynamÍc forces caused by acceleration of body segments are pro-

portiona'l to the second time derÍvative of their position. Hence, these

dynamÍc forces should be scaled by the inverse square of the time scale.

It has been shown [12,13] that these dynamic forces usuaì1y constitute

only L0% of the total vertical reaction; the main vertical component

being due to quasi-static body support forces. For example, if the time

scale Ís expanded by l0%, the dynamic forces are reduced by 2L%, and the

total force is altered by approximately 2%. Hence, umless very large

dynamic forces are present or large time scale adjustments are made,

little error is introduced when the force amplitude is not adjusted. Such
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a tÍme base together with a force scaiing based on the subject's weight

provide a means of comparíng the gait forces of one person to another

since in genera'l they wal k at di fferent speeds and have di fferent

weights. That the force scale factor should be the inverse of the suô-

ject's weight is obvÍous. it is also easy to calculate.

It is more difficult to choose and calculate the tÍme scaie factor.

The heel strÍke Ís the most easily and accurately measured instant in the

gait cycle as outl ined in Section 4.3. Since the period between left and

right hee'l stri kes and right and left heel stri kes is usrnl'ly dÍ fferent

during abnormal gait, the period whÍch should be chosen is from one heel

stri ke to the next heel stri ke of the same foot. The ratio of the period

from right heel strike to left heel strike and the period between

successive heel strikes of the same foot is defined as the RL ratio. It
i s usef ul for time scal ing abnormal gait when a f ul'l gaÍt cycle is not

available. Identification of these heei strikes from force records is

discussed in the next section.

Solt¡tíon of the heel strike problem allows the transfer of weÍght

from one foot to the other to be determined comp'leteìy. It al so allows

the reconstruction of any foot force pattern from other foot force

patterns. For example, the force produced by a seqrænce of left and then

right feet hitting the plate (a'left-right force record) can be recon-

structed by addÍng the force records of a single left foot on the p'late

(a left force record) and a single right foot on the pìate (a right force

record). In a simÍlar fashion, a'left force record can be reconstructed

by subtraction of a right force record from eíther a left-right force

record or a right-left force record. These procedures are discussed in

the following sections, and are applÍcabìe both t¡ nonnal and abnormal

gai t.
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4.2 lieight Transfer

During single support, the center of force of the foot moves from

the heel posÍtion to the toe psition. During double support the effec-

tive center of vertical force moves from this toe psition to the heel

position of the other foot. This double support weight transfer is

model led by the left foot force, F¡(t) , appì ied at the left toe

position and the right foot force, Ft(t), applied at the right heel

posítion as shown in Figure 4.1(b). This approach will model the weight

transfer Ín both the direction of wal king (x) and normal to it (y). 0n1y

the center of force Ín the direction of walkíng Ís shown.

4.3 IdentificatÍon of Heel Strikes

The total vertical force exerted on the force plate is símply the

algebraic sun of the vertical forces exerted by the left and right feet

separately. Figure 4.1(a) shows the vertical forces exerted by the left
(solid line) and right (dashed line) feet of a normal subject. it also

shows the sun of a left and right record (shown with small circles),

which is the force prodr.rced by a left-right sequence. The first heel

stri ke, S1, shown in Figr.re a.1(a) occurs at the beginning of this

composite record and hence is easi'ly found.

Heel strÍkes occuring when both feet are on the plate, such as 52,

are more dÍfficult to identify. Fortunately, the force exerted by one

foot starts very suddenly and increases almost 'linearly until near the

first peak. The transfer of weight to the forward foot causes the center

of force to begin moving sudden'ly from the toe of the rear foot forward

towards the forward foot heel posftion. This produces a sharp change of
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slope in the center of force curve, as Índicated by point A in Figure

4.1(b). center of force curves of this shape are also reported by

Yamashita and Katoh [15]. These sudden changes in slope in the center of

force curve al'low heel strikes occuring when both feet are on the force

pìate to be identified. l,lhen more than two successive steps hit the

force plate, this algorithm is repeated as required. The instant of toe

off is not as easily ídentified by this method as the foot force

decreases smoothly to zero.

The fi rst heel stri ke off the force p'l ate is found usíng the

approach swÍtch channel shown Ín Figure 4.1(c) which is decoded to deter-

mine the approach switch positÍons. For the case shown in Figure 4.1,

the third heel strike 53 is found by the voltage step which indÍcates

closure of the rÍght approach switch.

4.4 Force Reconstruction

In steady state, the vertical forces exerted by left and right feet

are periodic tíme functions. The force plate record is the a'lgebraic sun

of a certain sampling of these functions. It follows, therefore, that

certain records can be reconstructed from other records. For example, a

'left-rÍght vertical force record can be reconstructed from separate left
and right records. Both sÍngle step records must be scaled to the same

gait cycle period as the composite step using:

Gait cyc'le period, P = period between succcessive heel strikes of

the same foot

or

p = 1 * period between successive right and left heel strikes
RL ratio
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or

p = 1 * period between srccessive left and right heel strikes
ïTrRf rðtìoï

The right force record must also be tíme shifted by the time scaled

period between successive left and right heel strÍkes. Mathematica'lly,

this can be written as:

Fln(t) = Fl (Qtt) + FR (Qzt - QzDln)

= FL (Qtt) + FR (Qz (t-D¡p)¡

where: F¡p(t) is the left-right vertical force time fr.nction

F¡(t) i s the left vertical force time f unction

Fp(t) is the right vertical force time f r.mction

DRU is the period between left and right heel strikes

Ql,QZ are the time scaiing factors of the left and right

vertical force fuurctions, given for example, by

Qt = Left record gqlt cyq e pellqd
¿

The force function FURI of a left-right combination can be recon-

strrcted in a simiiar fashion as

FlRu(t) = FL (Qtt) + Fn (Qz(t-o¡q)) + FL (Ql(r-p))

Re-arrangement of the above equations allows a singie step force function

to be found by substracting the other single step force function from a
combination force function. For example, a left record can be found from
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a left-right combinatíon and a right record by

F¡(t) = FLR,fu., - FR (tz(t-D¡p))

These reconstruction procedures

combination record is not taken

cedures are especial'ly usef ul

abnormal gait.

are useful when a particular single or

or cannot be easi'ly ta ken. These pro-

since they apply to both normal and
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CHAPTER 5

Experimental Procedure

5.1 IntroductÍon

One of the obiectives of this project was to produce a general data

acquisÍtÍon system which is easy to use. The system developed is des-

crÍbed in Chapter 3. It was used only for gait data acquisition in this

project. It proved most effective in this mode. The patient can walk in

his own shoes. He does not have to aÍm for a small plate as is the case

for most gait ana'lysis systems. He is mencmbered with wires, lights or

markers; and video and fi'lm cameras are mnecessary.

The data acquisition program Ís loaded and started. The patient

then traverses the force plate six times. The pìate force voltages and

walkway switch voltages of these traverses are stored ín RAM in real time

and then are automaticaììy stored t¡ disc at the end of six traverses by

this program. A further advantage of the data acquisition system is that

the results are stored in a pennanent digital form which is easi'ly

accessible for further digital processing and anaìysis.

5.2 Data Acquisition

A set of seven time varying voltages corresponding to the six plate

reactions and the approach switch posÍtions are sent to the A to D board

where these voltages are sampìed and converted t¡ digitaì form. A

samp'l Íng rate of t25 Hz i s sui tabl e for normal gai t speeds as a typical

gai t cycl e perÍ od i s L.2 sec , and on'ly the fÍ rst 10 harmonic s are of
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significant ampìitude. since this samplfng speed is too fast to be

handled by a BASIC program, an assembler program is necessary. The

Appendix contaÍns the assembler program developed for this purpose. It
is capab'le of sampling all seven channels at L25 Hz and other selected

frequencies from 50 to 250 Hz.

A simplified flow chart of the program is shown in Figure S.1. One

of the software faults of the computer operating system Ís that it is not

possibìe to go from BASIC to a user assembler routine and then back to

BASIC under software control. This fault necessitates the tedious task of

writing the entÍre program in assembìer, inc'luding functions which can be

written and execuled more easÍìy and efficiently in BASIC, srÆh as file-
keepÍng, user prompts, messages and inputs. Flow chart block A wtrich

denotes the fi'lekeeping routine consequently constitutes by far the bulk

of the program. Since the detaÍls of this section are not Ímportant to

the main thrust of this project, they are not detailed in the text. The

actual data acquisition routine begins at block B which sets all pointers

and indices for taking a series of samp'les. 0ne channel known as the

trigger channel Ís chosen to initiate and terminate the sampìing process.

Since a signifícant vertical force Y2 is observed whenever the subject

is in contact with.the plate, this channel is chosen as the trigger

channel. Monitoring of this channel allows sampling to occur only wtren

significant ÍnformatÍon is being generated by the plate" A threshold of

100 mv corresponding to a 45 N reaction is used. Blocks c and D sample

this trigger channel umtil three consecntive sampìes in excess of the

threshold voltage are found. This prevents accidental triggering by

noise spikes. Blocks E and F form the core of the data acquisÍtion
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program. They cause the A/D board to sample and digitize the voltages of

all 7 channels. The program is fast enough that all 7 channels can be

sampled in less than 1 msec thereby minimizÍng the time skew between

samples. Digitized va]ues are stored in RAM from hexadecimal addresses

&2000 to &7FFF according to the format of rable s.l. For example, the

channel 1 val ues from traverse 1 are stored consecutiveìy beginning at

RAM location &2000. The sampling routíne ís terminated when more than 32

conseculive samp'les of the trigger channel fall below the chosen thres-

hold val rc. Requiring 32 samples below threshold prevents fal se termina-

tion dr¡e to noíse spikes whÍch may momentariìy drive the signal below

threshoìd. It also ensures that the signal is read r¡ltil it reaches íts
steady state (zero force) value agaÍn. This provídes a method of deter-

mining the DC offset whÍch is present at the time the sampìe is taken,

and as discussed in the next section, allows thÍs offset to be removed

digitally. Block G checks whether all 6 runs have been taken. If not,

control is transferred to Block B and another run is taken. Otherwise,

block H transfers the data stored in Rtr\Îvl to dÍsc according to the format

of rable 5.1. The data from channel 1 of traverse I for example, is

stored in disc record 1.

Channel 8 is not used for sample storage. Instead, locatÍons 0 and

1 are used to record the nunber of sampìes taken and the sampling fre-

qæncy, as shown in Table 5.2. The other val æs stored here will be dÍs-

cussed in the following section on edÍting.

5.3 9tte-q!i!l!s
It is useful to edÍt the data before it is used for analysis. That
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the recorded signal is somewhat different than the true signal is clear

from Figure 5.2. The edÍting procedure described here restores the

signa'l as nearly as pssible to its original form.

The DC offset can be found from the last few samples taken, as shown

in Figures 5.2 and 5.3(a). The first step in editíng is to correct the

data for possible DC offset as shown in Figure 5.3(b). Fortunate'ly, the

vertical foot force starts suddenly and initially increases línearly with

time. This fact allows the inÍtial sub-threshold pints to be recon-

strrcted by extrapolation from the first several pints which were taken.

A sample of the final edited data is shown in Figure 5.3(c). The edÍting

program, Edit3, inc'l uded in the Appendix perfonns these functions on al I

six force channel s. The number of initial points to be reconstructed is

determined by extrapo'lation of the total vertícal force, given by the stan

of Vl, Y2 and V3, to zero. The program also allows rearranging the

channel order and independent channel scaling. To ensure that the

editing procedure is reversib'le, the original offsets, and the nr¡rber of

samples before editing are stored in channel 8. The editing program uses

the heel strÍke a'lgorithm discussed in section 5.2 to calculate instants

of heel strike. These are also stored in the channel I area as shown in

Table 5.2. The nr,mber of steps on the plate, their side (left or right)

and the RL index are input from the user and are al so stored.

5.4 Data Plots

Several utílity programs were written

and presentation. One of these programs,

disc data is incl uded in the Appendix. The

to assist in the data anaìysis

called DP44, which plots the

program is very flexible. By
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choosing default 0 (zero), the user can select any particu'lar channels

and runs from one dÍsc file for p'lotting. It is often usef ul to p'lot al ì

seven channel s of al I six runs or the total component forces (Vt + Yz

+ V3), (Mf + Mz) and A1 of all 6 runs. The program will produce

these plots, for exampìe, íf defaults 1 and 2 respective'ly are specifÍed.

These plots are useful in identifying bad data, as for example wt¡en the

subiect steps on the edge of the force pìate and part of his weight is

carried by the approach. The traverse direction and nr¡rber of steps can

be determined from the plots of V1 and V3. These p'lots also provide

easily assimilated visual records of the runs for future reference.
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CHAPTER 6

Results and Discussion

6.1 Introduction

The purpose of this chapter is to present the results obtained by

applying the algorithms discussed in chapter 4 to real subject data

obtained using the data acquisition system. All data are edited by the

procedure described in Section 5.3; the Dc offsets of the six force

channels are removed and the initial stòthreshold data missÍng from the

original record are reconstrrcted.

The heel stríke a]gorithm described in Section 4.3 is built into the

editing program. The heel strikes found by it are used to calculate the

offsets and time scales needed to combine force records to form new force

records. The same records are used to demonstrate reconstrrction of

total vertical force and center of force motion.

6.2 Digital Data Acquisition System

The digital data acquisÍtÍon system proved to be effective and reli-
able. The bus expansion proved to be a good structure for interfacing

peripherals. Not only did it provide physical space and connection

slots, but it minímized the additionat load on the processing r,nit. All

channels were samp'led at L25 Hz. This proved to be a high enough samp'ling

rate as a typical gait cycle period is L.? sec and on'ly the first 10

harmonics are significant. Even at this high sampling rate, the time

skew between the first and last channels was only r0% of the perÍod
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tobetween successive samples of the same channel. This allowed samples

be treated as though taken simul taneous'ly.

The data acqui sition system and p'l otter were tested for their

accuracy and reìiability by employing various waveforms produced by a

signal generator. These signa'ls were dÍgitized, prÍnted and p'lotted for

examination. The results of these tests indÍcate that signals can be

read, recorded and plotted accurately.

That the digitizing and editing error is neg'ligib'le can be seen from

Figure 6.1. Fígure 6.1(a) shows two vertical force records made using an

x-y ana'l ogue p'lotter, whil e Figure 6.1(b) shows the same force records

taken dÍgita1'ly, edÍted and then p'lotted dígita]1y. The slíght dÍffer-

ences are due to a bit of noise in the analogræ equipment used to plot

Figure 6.1(a) and the limited frequency response of the ana'logue pìotter

due to high frequency rolloff.

6.3 The Heel Strike Algorithm

A test was devised to detennine the accuracy of the heel strike

algorithm. A special pair of shoes having heel and toe contact switches

were avaÍlable. The switches were connected to a speciaì amplifier wtrich

prodrced a dÍscrete voltage for each combination of switch closures,

similar to that described in Section 3.3.2 for the approach switches.

Several test runs were done in which a subject wearing the special shoes

traversed the pìate. The three vertical reactions, Vl, y2 and V3,

the approach switch voìtage and the shoe switch vo'ltage were recorded.

The resuìting record is shown in Figure 6.2. The decoded foot switch

positions of run 2 are also shown. The heel strikes as determined from
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the foot switch record and as determined by the heel strike algorÍthm are

shown in Table 6.1. One program scanned the foot switch record and

ÍdentÍfied the points where voltage changes represented heej switch

closures and hence heel strikes. These sample poÍnts are listed in the

first part of the table. The heel strike algorithm described in Section

4.3 calculated the heel strike points shown in the 'last 4 col umns of the

tabl e.

The extremeìy good correl atÍon between the heel stri ke tímes

measured using Ínstrumented shoes, and the times calculated by the heel

strike aìgorithm, shows that the algorithm not only determines heel

strike, bd that it is extremely accurate as well. indeed, the data ín

Table 6.1. show that the algorithm is accurate to withÍn one half of the

samp'le perÍod, or 4 msec. in this case. The accuracy of the a'lgorithm

is further verified by the accuracy of the force reconstrrrctions of

severa'l different patients (some with abnormal gait) which are díscussed

Ín the next section and which rely on the heel strike a'lgorithm for time

scaling and offsets.

The fourth heel strike of run 4 is the on]y figure in the table

which is adiusted. The approach switch voltage of this run has only a

downward spike at this point rather than a downward step. This is because

the approach switches were not properly adjusted when this ear'ly run was

taken. As a result, they did not remain closed from a force appìied to

any part of the p1ate. Their timing fortunately, is not affected by this

adiustment. The algorithm val ue was slight'ly Ín error, as it incorrectly

used the trai'líng edge of the spike rather than the leading edge. This

val rc was re-calculated manualiy from an examination of the data.
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The significance of this algoríthm is that the period of single foot

support for each foot can be determined from force p'late data alone.

Previousìy this had been impossible. Accurate heel strike determination

also allows determÍnatÍon of weíght transfer from foot to foot during

dotöle support. Having the forces for single foot support al so al lows

the previousìy indeterminant problem of joint moments during dor¡ble

support to become determinant (if the 1Ímb segment positions are known).

6.4 Force Reconstruction

The second phase of the project ís to reconstruct the vertical force

records of particular foot fall patterns from the force records of other

foot fall patterns. For examp'le, Figure 6.3(a) shows the separate left
and right vertical force records of a subject who has an abnormal gait.

The subject had prevÍous'ly fractured hÍs right femur. HÍs right foot

force pattern is easily identifÍed by the missing first hump which is

normally prodrced by a fÍrm heel strike (compane wÍth force record of a

subject wîth normal gait shown in Figure 6.4). His left foot force

record shown in Figure 6.3(a) Ís more normal. These records are time

scaled using the calculated heel strike poÍnts as outlined in Section

4.4. In this case they are scaled to match the time scale of the compo-

site record shown with a solid line in Figure 6.3(b). The left record is

then time shifted by the right-left heel strike period. This figure

shows that the reconstrr.¡cted right-ìeft record (shown with a dotted ìine)

matches the measured right-1eft record with'less than 3% maximu¡n error.

This is very good agreement as variations of up to L0% in successive

records of the same subject are not uncommon.
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Figure 6.4 shows the reconstruction of a left-rÍght-1eft record from

separate left and right records for a subject with normal gait. Exactly

the same time scaling and offset techniqæ were used here. As a final

example, Figure 6.5 shows the reconstruction of a right record of another

subiect having normal gait obtained by subtracting a left record from a

right-left record. Both of these final exampìes also show extremeìy good

correlation (gZ maximum error) between the reconstructed record and a

measured record of the same type. The examples demonstrate the accuracy

of the technique. They al so indrrctÍvely infer rlts appl icabil Íty t¡ the

addition and subtraction of single and/or multip'le steps to reconstruct

almost any desired single or multiple step foot force record.

6.5 Center of Force Reconstruction

It seems almost Íronic that this project whose analysÍs initially
stemmed from a study of centre of force motion should prodrre a method to

reconstruct the locus of the centre of force. The ana'lysis presented in

Section 4.4 is designed to model the center of force psition during

doubje stance. The present model treats the foot as an mmovíng time-

varying pint load and hence does not account for the weight transfer

from the heel to the toe which occurs during single support. A more

refined model would include this second order effect.

Figure 6.3(c) shows as a solid line the center of pressure motion

calculated from the vertical force plate reactions, v1, y2 and v3.

The dotted line shows the center of force motion reconstrrrted from the

separate left and right foot vertical forces. The fÍgure shows that the

reconstructed center of force is, during double support, very similar to
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the measured one. It is also clear that the difference between the two

curves is almost entirely a result of weight transfer from the heel to

the toe during single support and which ís not accounted for in the

present reconstrrrcti on.

The center of force reconstruction of a left-right-jeft sequence is

shown in Figure 6.4(c). Here again, the center of force reconstrrrction

is almost indistinguishable from the measured one durÍng most of double

support. The difference between the two curves close to and during

single support is again caused by the fact that the reconstrtrction model

does not account for the heel to toe weight transfer which occurs during

si ng'le support.
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CHAPTER 7

Concl usions

7.L Data Acquisition System

The data acquisition, storage and processing system Ín its final

form proved to be very useful and reliable as a laboratory tool. Further

deve'lopment is however necessary before it will be suítable for clÍnical

i nstal 'l ati ons . Before thi s hardware and so ftware deve'l oprnent can be

done, the exÍsting CPU must be rep'laced with any one of the standard and

re'l iabl e systems which are present'ly avail abl e.

The anal ogr.e and digital peripheral s and their interfaces proved to

be effective, flexible and reliable. These peripherals and the extension

bus are suitable for use wÍth any processing system. However, the inter-

face board which pìugs into the main computer would have to be replaced

with a board which would interface to the new computer bus. The seven

channel sampling frequency of r25 Hz is adequate. Even at this high

sampling frequency, the inter-channel time skew is sufficiently small

that samples across the seven channels can be considered as simultaneous.

7.2 Algorithms and Procedures

It was possible to identify the instants of heel strike from the

vertical force record on]y. By equi ppi ng the sectÍon of approach

immediately adjacent to the force p'l ate wi th microswi tches, at 'least one

addÍtÍona'l heel strike could be identified. Comparison with data taken

simultaneously from shoes equipped wÍth heel contact switches demon-
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strated the extremely good accuracy of the aìgorithm (within 4 msec).

The vertical force records of particu'lar foot patterns (eg. left
foot followed by right foot strikÍng the force pìate) could be recon-

structed from the force patterns of other foot patterns (eg. left foot

onìy stri king p'late and right foot only strÍ kíng p]ate). AddÍtive as

wel I as substractive reconstructions are possibìe. Compari son wi th

measured force records of the same types demonstrates that the recon-

strrctions are typical ly accurate within 3%.

The center of pressure can be reconstructed usíng a method similar

to that used for force reconstruction. The reconstrrction is often

Índistinguishable from and usually within 5% of corresponding measured

center of pressure records duríng double support. The error is due almost

entirely to motion of the center of pressure during single support. The

reconstruction could be made mrch more accurate Íf the center of pressure

motÍon durÍng single support is model'led by moving the load application

point from the heel to the toe position during the single support period.

However, further research and a more complex model would be required.

The reconstruction procedures developed here are useful for genera-

tÍng the force record of any particuìar foot pattern desired by the

clinician. They are especially useful in cases where force p'lates large

enough for multiple successive foot strikes on the p'late are not avail-

able, as the aìgorÍthms allow any force record to be constrr¡cted and they

make double support weight transfer studies pssib'le. A'lso, gait tíme

asymmetries can be accurateìy detennined usÍng only a force pì ate.

Neither instrurnented shoes nor cine/video methods are necessary.
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FORCE PLATE

EIGHT CHANNEL

CONOITION¡NG

AMPLIFIER

PLOTTER

DISC DRIVE
VIDEO ÏERMINAL

AND
PRINTER

Fig. 3.1 System Configuration
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Fig. 3.5 Conditioning Appl ifier Layout
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Fig. 5.1 Data Acquisition Program Flow Chart
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Tabl e 3. 1

Approach Switch Voltages

Left sw] tch Kl gnt sw] tch Paral lel
Resistance (0hms) Yt / Y+

V7 For
V+'= 15V

0pen

Cl osed

0pen

Cl osed

0pen

0pen

Cl osed

Cl osed

2200

688

I 100

524

0.0447

0.0144

0.0229

0.0110

67L

?T6

344

165
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Iable 5.1

Memory Map and Disc Record AllocatÍon

Table 5.2

"Channel 8" Format

Entry # Descri ptÍon

0 No. of data points after edÍting

1 Sampì i ng frequency

2 No. of data points before edíting

3 - I Channel DC offsets before editing

11 No. of steps

LZ - t5 Step detaíls (Right = 4, Left = 2)

16 RL Symmetry Index

?L - ZS Heel strike sample nwnbers

CHANNEL
I raverse

1 2 3 4 5------------T
I

2

3

4

5

6

7

I

ú¿UUU.ZII.I.
1

&2200-23FF
2

&2400-25FF
3

&?600-27FF
4

&2800-29FF
5

&2AOO-2BFF
6

&2C00-2DFF
7

&2EOO-2FFF
I

úJUUU.JlI- I-

9
&3200-33FF

10
&3400-35FF

11
&3600-37FF

L2
&3800-39FF

13
&3400-3BFF

14
&3C00-3DFF

15
&3EOO.3FFF

16

ðl+UUU.+IF F

L7
&4200-43FF

18
&4400-45FF

19
&4600-49FF

20
&4800-49FF

2L
&4AOO-4BFF

22
&4C00-4DFF

23
&4EOO-4FFF

?4

ú5UUU-5It- t-

25
&5200-53FF

26
&5400-55FF

27
&5600-5 7FF

28
&5800-5 9FF

29
&5AOO.5BFF

30
&5C00-5DFF

31
&5DOO-5FFF

32

ðOUUU-OIFF
33

&6200-63FF
34

&6400-65FF
35

&6600-67FF
36

&6800-69FF
37

&6AOO-6BFF
38

&6C00-6DFF
39

&6EOO-6FFF
40

ú/uuu-/Il-l-
41

&7200-73FF
42

&7400-75FF
43

&7600-77FF
44

&7800-79FF
45

&7AOO-7BFF
46

&7C00-7DFF
47

&7EOO-7FFF
48
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Tabl e 6. 1

Comparison of Heel Strike Time:

Times shown measured in 1/125 sec. (sample nunber) frcrn first
heel stri ke.

* See Text, Page 29.** Foot struck edge of force p'late.

Run No. of Steps
Stri ke Times From

Foot Switches
Stri ke Times From

Al gori thm
I z 3 + -T- re

1

2

3

4

5

6

I

?

1

3

3

3

1

1

1

1

1

1

7L

67

72

7L

74

73

L28

t32

140

141

L97

208

2L2

1

I

I

1

1

1

72

67

72

72

75

73

L29

132

L4L

141

198*

**

213
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I]ÊGE- I GÊiT DATÉì fìCUUiSiTlÚi.I - PÊRT 1 ( VER OB/03/811

ìI:ÏL 'GâIT DATÊ íìCOUISII]ON - F,ÊRT 1 (VEiì 08/03/81)'
I]35C PART1 jLIT

DREC;
+
.* EXTERNAt. REFTRENCES
-{

i['F LIST. UPDÉìTE. SAMPLE*
.+ [XTiñNâr_ DEFINITI0NS
*

DFF II!PUT.SETUPI.gETUP2.iIOD,I.IRfìFUP
DTF I"ISGOUT.i'1SGI 1.DTH.LABETI,OPEiV.DTHOI,DT.1O1
DEF BIJFFER-, RNUIl.IlSG3(],I.ISG31 , r-RSEi4 , MSGiÞ2 

_

I)t: F HSG I 0 . DTH03, DTH07 . I'ISG40. HSG50 , ónrnllp, cnÌ
+ RÊH DÊì j Ê TiASE
+ NOTE : ORDER Is; II.IPORTAI,¡T : CHÊNGE I,I] TH cÊRE .
+É

0100
0100
0120
0140
0 1c2
0rt2
01tB
01F2
OlFC
OlFC
01iE
0l4t)
01ct¡

0000
0000 0460 0786

0004 0D
0005 0â
0006 40
0007 2F
0008 59
0009 20
000Ê 41
0008 43
000c 46
000D 48
000E 52
000F 57
00r0 50
0011 58
00 r 2 53
0013 30
0014 3l
00r5 32
00r6 33

ítoRG > I 00
11Êì i NtlP B:,S gZ
DATAi,¡t t[rs 32:
BUFFFR ßS,i. .I 

:JO
DTHCI'ID [,5i. 32
Fi'lÊME BS,S g
DíITE B5S 7
DíìTE I BS:ì 9

EVE,.J
RNUt't trSs 2
HNUI11 rls;5 4
BOUI.ID 1 TOLI BUFIER
B0uND2 t0t.t DTilctlD-2

+ HONÏTOi{ INTERFACE
*

HORG +
STÊRT B @HêIN
:t

+ ROI1 DÉì iâ BêSE
{
{::R BYTE >f]t)
LT BYTE >Oâ
ENS IGN BYT[ ' :o'
SLÊSH BYTE ' /'YË9 BYTE 'Y'
BLANK EIYTEÊF BYTT 'A'
CF EIYTE 'C'DU BYTE 'F'ID BYTE 'K'IR BYTE 'R'OR BYTE ',1'PF BYTE 'P'RD BYTE 'X'SF BYTE 'S'
ZERO BYTE 'O'ONE BYTE ' 1'TIIO BYTE '?'
THREE BYTE '3'

STARTiNG ADDRESS OF RÊM
IIêIN PROGRâI1 ITORK SPACE
HORKSPACE FOR SAMPLE
TEXT EiUFFER
BUFFER FOR DTH COHI1ANDS
FILE NAIIE FOR DTH COHIIANDS
DâTE
DD IT1ì1/ \ Y

RUN NUiIBER
CURRENT RUN NO.
t0i,,¡ER 80UND F0R DTr-l CALLS
UPPER BOUND FOR DTH CÊLLS

CARRIâGE RETURN
LINE FE¿D
S]GN FOR END OF TEXT
SLÉìSH
YES,
BLANK
ÊLr-0CATË F ILt
COF,Y F ]tES
DEFINE UN]T
Ii'IÏTIÊLIZT DISK
INPUT RECORD
OUTPUT RECORD
POSITICN UNIT
RESiT DISK
SAVE FILE (DiSK)



5B

I'AGE-2 GAIT DÊTÊ ACOUISITiCN - PâRT 1 (VTR 08/09/81 )

00r 7 34
0c1 I 35
0019 36
00rA 37
0018 38
001c 39
00rE 000â
0020 0064
0022 2020
0024 0608 0044
0028 0000 0055
002c 0000 004c
0030 0000

0032 0283
0034 02c3
0036 02c9
0038 02D2
003A 02DB
003c 02Eâ
0038 02FE
0040 0309
0042 03r A
0044 0324
0046 0000
0048 313r
004A 31 32
004c 31 33
004E 3134
0050 3135
0052 31 36
0054 32:J0
0056 3234
0058 323t1
0054 3332
005c 3336
005E 3430
0060 0368
0t162 0375
0064 037F
0066 0000

0068 5020 3r20
006c 3020 3t
006F 0D
0070 5220 3120
00i4 3132 38
0077 0D
0078 5720 3120
007C 31'r'2 3E
007F 0D
0080 58
0081 0D
0082 4F.

FOUR BYTF
FIVE BÌ TE
SIX BYTE
SEVEN BYTE
EIGHT EYTT
NINE BYTETEN DATâ
HUNDRD DATA
BLANKS DATA
TâBCI'ID DêTÊ

DâTÊ
DÊTâ
DATA

Ì:
* LAFIFL I. ÏL I
+

LABEL I DêTÊ
DÊTê
DATA
DAT Ê
DA TA
DA Tâ
DA TÊ
DA TÊ
DÊ TÊ
DATA
DÊTA

LÊBEL2 DATÉì
Dâ TA
DA ÏII
DÊTÊ
DA TÊ
DAÏÊ

LÍIBEL3 DÊTA
DÊTA
DA Tâ
DA Tâ
DATA
DÊTA

LâBEL4 DATA
DATA
i)Ê TÊ
DATâ

*.
-f DTH C0rlllêND
*
DTHOl TEXT

BYTE
DTHO2 TTXT

FYTi
DTHO3 TEXT

BYTE
DTHO4 TEXT

BYTE
DTHOS TEXT

:4',,3'
b

'7'
o

'9'
10

100,

DâTâCO.'D'
UPDATE, 'U'
LIST,'L'
0

HSG2 0
tlsc21
11sG22
115G23
t1sc24
115G25
t19G26
nsG27
r1SG28
115G29
0
'11'
'12'
'13',
' 1A'.
'1cr''t5'
'20'
'24',
'28',
'32'

JO
'40'
r1sG33
MSG34
l'1s(.;35
0

F Ir-E

'P r 0 0'

)0D
'R r r28'

> 0I)
'H I 128'

)0D

>00
r

SECTCR I I
SECTOR I 2
SECTOR I 3
SECTOR I 4
SECTOR I 5
SãCTOR 1 6
SECTOR 2O
SECTOR 24
SECTOR 28
SECT0R il2
SECTOR 36
5icT0R 40

SiT FlLEI TI] THE BEGINNING

INPUT Ê RECORD (I28 BYTES)

OUTPUT A RECORD (I28 BYTES)

RESET DiSK DRJVES

CLCS¿ fìLL OPENET) FJLES
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i.AGE-3 GâIT DâTA ACOUISITION - PÊRT I (VER O8/09/81)

0083 0t)
0084 5020 3120
t088 31 3ú
0084 0D
0088 502ü 3120
0CBF'1230 203t
0093 20
00s4 0D
0095 5020 3r20
00s9 0D

FYTE )Ot)
TEXT 'P I 1O'

I,iYTT > OD

TTXT 'P I 20 O

BYTi >0t)
TI-XT 'P 1

EIYTi >l.|D

: POSN FILE TO SECTOR 10D THO6

DTHO 7

DTHl(] ; POSITION FILE I

Ì
+ SYSTEiI iIESiìâGES
+

009â tlê ilscol BYTE >04
O(l9B 2â24 2ê2Ê TEXT '+**X GÊIÏ DATA ÊCQUISITJOI{ S.ÍSTTM XX++'
0c9F 2047 414'j
0043 5420 44rrl
0câ7 5441 2041
00AB 4351 5549
0cAF c-349 54Ac:
0083 4F4t 2053
0t¡87 595'¿ 544!
00BB 4D20 2A2Éì
OOBF 2A2A
00c2 0Ê00 l)ÊTlì .'0Éì0Ll
OOCA 4548 5445 I1SGO2 TEXT 'ENTER DÍìTE (DD/I'II,I/YY):
c0c8 522'i 4411
00cc 5445 2028
0000 4144 2F4D
0004 4D2F 595:r
0008 2S3íì 20
OODB OD BYTT >t]D
OODC OA MSGO3 BYTE >l]A
OODD 4655 4843 TEXT 'FIJNCT IONS AVAILíìBL|.:
C0E1 544't 4F 1E
00E5 5320 4156
0083 41 49 4C41
0oED 424C 453Ê
00F 1 2C
00F2 0D ErYTf )00
OOF3 2O2O 3I2E HSGO4 TEXT ' 1. DÊTâ âCQTIISITION (D).
0cF7 2020 4441
00FB 5441 2041
0cFF 4351 554t
Lrl03 5349 5449
0107 1F4E 2028
0108 4429 2C20
0l0F 0D tìYrt >0D
O11O 2O2O 3228 I1SGOS TE.XT ' 2. LIPDATF PÊ'IIENT FIIE (U). AND '
0114 2020 555C
0118 4441 5445
01 1 C 2050 41 54
0120 4945 4E54
0124 2046 494C
0128 4520 2838,
012C 232C 20a1
0130 4E44 20
0133 OD tsYTE >t)D
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IJÊGE-4 GêIi DATâ ACQIIISITlON - PART 1 ( VER tl8l09/81 )

0134 2020 332L Ì1SG06
0138 2020 4C49
0 r 3c 5354 2050
û14t1 4154 49r:8,
0144 4854 2046
0148 194C 4S2C
014C 2B4C 2928
01 50 20
015r 0D
0 r 52 0A r1sc07
0 1 53 4348 4F4F
0157 5345 2059
0r58 4F55 5220
015F 4555 4E4:j
0r63 544S 4F4E
0167 2042 Sg?G
0r68 5448 4520
016F 4649 5253
0173 5420 4C45
0177 5454 455?
0 r 78 3Ê20
017D 0D
0178 2Ã2à 2â20 t1SG08
0182 194E 5641
0186 4C43 4421)
018Ê 494E 5055
0188 5420 2D20
0192 5452 592t1
0196 4147 4149
019Ê 4E3â 20
0130 0D
O 1 9E OA MSGO9
0 I 9F 2â2Ê 2420
01â3 1441 5441
01A7 2041 435r
01AB 9549 53¿9
olAF 5449 4F4E
0183 Z02A 2â2Êi
0 I ts8 0â0D
0 I BÊ 0A t',tsG 1 0
OIBB 2A2A 2A2O
01 BF 5550 444'r
01c3 5445 204D
01c7 1153 5445
0rcB 5220 4649
01cF 4C45 20?A
0rD3 2A2A
0rD6 0Ê0D
0rD8 0A r,tscrr
0lD9 2à2à 2420
clDD 4C49 5354
01El 2040 4153
01E5 5445 5220
01E9 4649 4C45
}ttD 202â 2A2à
0 r F2 0ê0D
0rF4 4953 2054 HSGr2
01F8 4845 205t

TFXT ' 3. LIST PâTiENT FILE (L)

BYTT > f-lD

BYTT >l]ê
TEXT 'CHOOSL YOUR FI.JNCTION BY THE FIRST LTTTER:

BYTE >IJD

TIXT '.XX* INVALID INPUT TRY fìGAIN: '

BYTT >T}D

BYTE ) t]Ê
TEXT '+"*+ DATA âCOUISITI0¡,1 x*x'

DÊTA )TIAt}D
BYTE >OA
TEXT '++X UPDâTE HÊSTIR FILE *+*

DATA >tlÊOD
BYTE >Oâ
TEXT ' **x L IST I1ASTER F ILE +-*{

DÊTâ >OAOD
TEXT ' IS THT PATIENT NEi,.I TO iHE SYSTEH'¿ ( Y/N ) '
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I'âGE.5 GAIT DATÊ ACOI.JiSITJON PÊRT 1 (VER 08/09/81)

0 t FC 4 1c,4 4345
0200 1854 204L
0?04 4557 2054
0208 1F20 544r:
020c 4520 5359
0210 c,354 4541t
0214 3F?0 2859
0218 2F4E 2320
021 C 0D
0210 494E 5345 t'1SGr3
c221 5251 2011
0225 2048 45=,7
0229 2144 19t,3
022D 4P,48" 5454
0231 4520 19hE
0235 344F 2044
02'¿9 5249 c.645
0230 204E 4F2E
0241 2031
0243 0D
0244 494E 5345 MSG14
0248 t254 ?051
024C. 4845 2050
0250 1154 Ag0c.
0254 4Ec,4 204F,
0258 134C 4S2L
02sc 4348 344F
0260 2044 524tj
0264 5645 204E
0268 4F2E 2031
026C 0D
026D 454E 5445 tlSG 15
c271 52?L 5418
0273 4520 5041
0?79 5149 154E
0270 5420 4C41
0281 5'154 20aE
0285 4r4D 453A
0289 20
028A 0D
0288 0A t15c 16
028C 434F 4854
c290 434E 5545
0294 2057 4954
02'J8 4ti20 1148
029C 4F54 4845
02u0 5220 4655
02â4 4E43 5449
02fi8 4F4E 'iF20
02AC 2859 2F4E
0280 2920
0282 0D
0283 0â tlsc2û
0284 5355 424A
C2B8 454'1 5420
02BC 4E41 4D45
c2c0 3A2C
02c2 0D

BYTE )t]D
TEXT ' INSERT A N[I,I DISKETTE INTO DRIVT NO. I '

I]YTE >iJD
TEXT 'INSERT THE PATITNT FII-E iNTO DRIVE NO.

FYTE >IìD
TTXT 'iNTER THE PÊ]IENT LAST NANE:

FJYTi \l]D
BYTE >Oê
TEXT 'CONTTNUE I,¡iTH ÊNOTiIER FUNCTION? ( Y/N )

BYTf >r.!D
BYTE >(JA
TEXÏ 'SUBJECT NAI1E:

EYTE >l]D
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IJÊGE-5 Gâ]T DATA ACOIJIS]TI{JN - PART 1 (VER r)8/09/81)

02c3 4147 433À l.rs(ì21
02c7 20
02c8 0D
02c3 4845 4947 tlscz7
c2cD 4851 3A20
02Df 0D
0202 5745 4947 HSc23
02D6 4854 3Ê20
O2DÊ OD
02D8 5443 4249 t'1SG24
czDF 412C 4C15
028_3 4E47 5448
c2E7 3A2t,
02E9 0D
02EA 4645 4D55 HSG25
02EE 5241 4C2C
02F2 4C45 4847
02F6 5448 3A20
O2FA OD
02FB 4241 4348 ¡19c26
czFF 204C 4S1E
0303 4754 483Ê
03ü7 20
0308 0D
0309 4855 4D45 t1SG27
030D 5241 4C2C
0311 4C45 4847
0315 5448 3Ê2C
031 I 0D
031Ê 5241 4449 MSG28
t31E 414C 201C
4322 454E 47c.4
0326 483â Z0
0:t29 0D
032A 4849 5020 t'lsG29
0328 Ê-7 t43 4451
0332 483â 20
0335 tJD
0336 0A t1sc30
0337 52c.c, 4820
C33B 4E4F ZEZO
033F 2044 4154
c343 452t
0345 0D
0346 3D3D 3D3D MSG3I
034Ê 3D3D 3D2C
034E 203D 3D3D
0352 3D20
0354 0D
0355 0A t1sc32
0356 434F 4D4D
035Ê 454E 542C
035E 464F 5220
0'J62 5255 AE?t,
0366 4E4F 2820
036A 0D
0368 4C49 4E45 HSG33
036F 2031 20sA

IIXT 'AGE:

FYTE >l]D
TEXT 'HEIGHT: '

EYÏE )t|D
TEXT 'I,IE iGHT : '

BYTE >ND
TEXT ' T iB IA LENGTH : '

EYTF )tlT)
TEXT 'FEIlURAL LEI'IGTH: '

BY IE )f:tD
.I TXT ' BACK LENGTH :

BYTT >{:lD
TEXT 'HUI'IERAL LENGTH: '

BYif )00
TiXT 'RAD IâL LiNGTii : '

FYTE >{]D
TEXT 'HiP I¡IDTH: '

EYTE >rJD
BYTE )0Ê
TEXT 'RUN NO. DATE '

llYrt > 0D
TEXT

¡vTE )00
BYTE >f]A
ÍEXT 'COI'{I1ENT FOR RUN NO.

BYTE >00
TEXT 'LiNE 1 :
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I]AGE-7 GÊIT DA IA âCOIJISITION PêRT I (VER 08/09/81 )

EYTi )t|D
HSG34 TFXT 'LINE 2 : '

BYÏE )(]D
IISG35 TEXT 'LINE 3 : '

'dYT[ >00
HSG4O BYTE >OA

TiXT 'r{*{ Sfìl1PLE AND STORE DÊTfì *.Í x

BYTE > [ID
MSG4l BYTE >OA

TãXT ' INSERT fì NEI.I DISKETTT INTO DRIVE NO. 2'

BYTE )r]D
I1SG42 BYTE > (]Ê

TTXT 'PUT THi INITIALIZTD DISKITTE BACK TO DRiVE NO.

0373 20
0374 0D
0375 4C49 4E45
0'i79 2032 203fj
037D 20
0378 0D
037F 4C49 4E4S
0383 2033 203Ê
0387 ?0
0388 0D
038S 0A
û38â 2Ê2A 2A20
t38E 205.1- 41r,D
0392 504C 4520
03s6 4148 14?.0
039A 5354 4F52
03sE 4520 14a1
03A2 5441 2020
03ã6 2A2ã 2A20
O3Aâ OD

O3AB OA
03AC 494E 5345
c3B0 5254 2011
0384 204E 4557
0388 2C44 1953
03BC 4845 5454
03c0 4520 4948
0itc4 544F 2044
03c8 5243 5645
o'3cc 204E 4F2t
03D0 2032
03D2 0D
0303 0A
0:-jD4 5055 5420

1',
0308 5448 4520
03DC 4948 4954
03E0 494t 4C49
03Ë4 5à45 1420
03E8 4449 5348
03Ëc 4554 54¿5
03F0 2042 4143
03t4 4820 34aF
03F8 2044 5249
03FC 5645 204t
0400 4F2E 2031
0404 0D
0405 4F4B 3F
0408 0D
0409 3D3D 3D3D
C4OD 3D3D 3D3D
04r1 3D3D 3D3D
0415 3D3D 3D3D
0419 3D3D 3D3D
O41D 3D3D 3D
0420 0A0D

BYTE
I"ISG43 TEXT

BYTE
I1SGSO TEXT

>0[]
'0K?'
>0D

DATA )OAOD
*
-* R0UT INE . 1¡ptlT* THIS ROUTINE INPUTS A LINE FROH THE TERTI]NAL AND STORËS ]T
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I)ACTT-8 GAIT DÊTÊ ACOU]SITTON - PÊRT 1 (VEI-I 08/Og/81\

0422 0200
0426 2C41
0428 DC0 1

042A 9801
042E t6FB
0430 D420
0434 0458

044â C03B
044C 0201 01rr0
0450 0202 01c0
0454 0420 t804
0458 0ù00
045A 0458i

{ lNT[]
+'

O 1 4O ]NPUT
INLP

0004

0004

{.

iHt TTXT BUFFER.

LI Rf:}.BUFFER
IN RJ
FOVB Rl,xR0+
CEI Rl,@CR
.I¡It INLP
I'I0VB OCR. +R0
B +Rl I

OIIT ACR
OIIT OLF
0tlT ,4R0

Ilrí: R0
CF {R0 . @(lR
JNE HSGLP2
B -+Rl I

+ ROUTII'IE: i'ISGOUT* THIS ROL,TiNE DISPLAYS THE IlESSêGE I,{HO5E ADDRESS* FOLLOI,IS TI-IE CâLLS.
t

GET TEXT BUFFER
GiT ONE CHARACTER
STORE TO THE TTXT BUI- FiR
INPUT FINISHED?
N0 , COI'JT INiJE
SET UP THE TNDiNG I.IARK
iXIT

OUTPUT Ê CÊRRIâGE RETURN
OUTPUT A LINE FETD
OUTPUT ONE CHARÊCTER
ÊDVANCE IHE POINTER ONCE
END OF HESSAGE?
NO , CI]NT INUE
EXIT

0436 2CA0 0004 rlsG0UT
043A 2CA0 0005
0438 2C90 t'1sGLP2
0440 0580
0442 9810 0004
0446 I 6FB
0448 045Ei

+
* ROUTIi'¡t: DÏll.f THI-C, ROUTiNE SETS tJP THE PâRÊI1ETERS REOUIRED FOR* CÊL.LIN6 A DTH SUBIìOUTINEi iT THEN BRANCHES TO ONE* OF THE SUBROUTINIS DEPTNDING ON THE PARÊHETER STT* BY THE C4LLING ROUIINE.
*
DTH HOV 'rRll+.R0

i-i Rr.B0uNt)l
L i R2. BOLJNDZ
Ft i.lP :sqi804
DRÏA f]

B +Rll

GF-T ADDRESS OF THE COI',IMANDglT UP i0HER EIOL|ND FOR DTH
SET IJP UPPER BOLIND
GO TO DTH'5 SUBROUTINE

EXiT

045C C0:rEr
0458 DE90
0460 DEA0 0009
0464 0458
0466 C03B
0468 04C1
046A DEBO
046C 9810 0004
0470 1 6FC
0472 0458

SETUP 1 ;{OV
HCIVB
j'l0vB
B

SETUP2 HOV
CLR

SLP iTOVB
cti
.tl'L
D
L'

LENGTH COUNTER=O
SET UP FILE NÊl'1E
ENDING I4ARK?
NO , CONT Ii.IUE
.XIT

+
+ ROIJTTN!,: SETUP* THIS ROUIINE iNCLUDIS ALL THE SUBROUTINES HHICH SET UPr THE NECFSSâRY PÊRÊHETERS FOR DTH CALLS.*

+Rl I +. R0
-rR0.*Rlú+
|9BLANK,*R1Ú+
-rR I 'l

+Rl 1 +. R0
RI
'rR0+. +R I 0+
+R0 . rofiR
9LP
*Rl I

l-
.f ROUTiNE: CPEII
+ IHIS ROUTINE OPENS FILT I ÉIS AN* THE NAHE CF FILT I FOLLOI{S THE+ IN THE INVOKING ROUTINE.
*
OPEN I- ] RO . F NAHE :LI RI,DTHCÌ.ID :

ilgv Rll,Rg ;

ACÏIVT I/O FTLE.
CALLING INSTRUCTION

GET ÏHE FILE NAI1E
C.;ET COI1T1AND FiLE
SÊVE RETURN ADDRESS

0474 0200 0182
0478 0201 01c2
047C C24E
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AGE-S GfìIT DfìTA âCQI.IISTTTOiI - PART 1 (VEIi 08/09/811

048t DC70 0PEN[.P ll0VB +R0+. *R1 +

04iE DC60 000c
0482 DC60 0009
0486 DC60 0014
0484 DC60 000S

0490 98r0 0004
0494 1 6FC
0495 DC60 0004
049Ê 0640 0444
049E 0 1 C2
04A0 0459

0448 1 1 02
04AA 6 1 85
O4AC 1 OFC

llùVB QDU. *R I 'r
¡¡tt/B oBLANK, *R l +
l'10V8 00NE . *R 1 +

I OVB QBLANK . *R 1 +

Jt T HODRTN
S R5. R6
JHP I1OD 1

SET UP DU COIII{AND
LEâVE Ê BLANK
FiLE I
LEAVE ANO'II-IER BLÊNK
SET UP FILE NAI1E
IND OF FIIE NAIIE?
NO, CONTINUE
PLÊCE AN ENDÏNG LIìBEL
T:êLL DTH FOR DU COHNAND

EXIT

AND ÉìDDS ONE TO R6.

IlODULO E,

R6<5_1'
YIS. GO TO iIODRTN
SUBTÍìACT 6 FROII R6
TEST AGAiN
MULTTPLY R5 BY 2
EXiT

í:El *R0.:dCR
.IIIE OPENt.P
i'10v8 idr.R . *R 1 +

Bi @DTH
DÊTÊ DTHCMD
B +iì9

{
+ ROltT I i.l[ : t10D
* THIS ROUTINE HODULOF.S R6 BY 6

+

04A2 0205 0006 t'10D ,I R5.6
04A6814€, r10D1 C R6.R5

O4AE OA I €, I1ODRTN SLA R6. I

B -*Rl1
+
'x R0tJrINl: l,lRât')l-lP
+ TI{IS Ì{0UTINE ilEÊDS THE PREVIOUS RUN N0. FROM
X SECTOR 1 1 OF TitE IIAS,TER FILE; IT THEN UPDÊTES
+ THE RUN NC. ÊND STORES THE DÊTE ASSOCIATED HITH
X THE NEi,¡ RIJN IIO, BÊCK TO THE HASTER FILT. FINÊLLY
+ TT OUERTES, THE OPERATOR FOR ÊNY COIII',IENTS NEEDED
* TO BE STCRTD.
:,|

0480 0458

O4E2 ClCB I,IRÊPUP i'tOV RI1.R7
0484 06A0 044A
0488 0084
048â 06A0 044A
04BE 0070
04c0 crA0 0140
04c4 058Ê,
04c6 cB06 01FC
04cA c806 0r40
04cË 06A0 044ê
0402 0084
04D4 06A0 044A
04D8 0078
040Ê 0606
04DC 0bA0 0442
04E0 020r 01c2
04E4 0202 0095
04EB DC72 l.{100P I l10VB *fi!+ . +ft 1 +

EL @DTi1
DATA DTi1l:ì6
BI. LôD T H

DATÊ DTHO2
IIOV @BUFFER. R6
ÏNC R6
I{ÛV R6. ORNTIH
I'!OV RÉ. . @BUFFER
ËIL ODTH
DATA T}TH06
TJL @DTi]
DâTA DTHOS
DiC R6
BL OHOD
Li RI,DTHCI'ID
LT R2. DTH1 O

Ctt *R2.oCR
JNE I,ILOOP 1

i{0v oLABEL2(R6),*Rl+
l10VB @CR. +R 1

BL ODTH
DATA DTHCMD
LI RO, BUFFER
LI Rl,RNUI.II
HOV .?BLANKS. *RO+

SAVE RETURN ÊDDRT5S
POSN FILE I TO SECTOR IO

READ SICTOR I O FOR RUN NO.

GET PRIV. RUN I'10.
LIPDATE RUN NO.
STORE PREV. RUN NO.
PUT CUR RUN NO TO BUFFER
POSN FILE I TO SECTOR 1 l]

STORE CURR NUI'I NUI'I TO DTSK

GET PRLV. RUN NO.
HOD(R6,7)
GET COI1I1âND FILE
R2 POINTS ÏO DTHlO
HOVE OI'¡E CHARACTER
END OF COI,il.,IAND?
NO. CONTINUË
GET STCTOR I-IO.
PLACI TNDING LABEL
POSN FI¡-E I

GET TEXT BUFFIR
r'(1 P0INTS T0 RNtlHl
LEAVE TI,,IO BLANKS

048Ê S8r2 0004
O4EE I6FC
04F0 cc66 0048
04F4 0460 0004
04F8 06A0 044A
04FC 0 r c2
04FE 0200 0140
0502 û201 01FE
0506 cc20 0022
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I]ÊGf - 1t] GAIT DATÊ ACOUiSTTIIIN - PâRT I (V[R O8l09/8I )

050Ê t)4c4
050c cf60 01FC
05r0 3D20 0020
0514 DC24 0013
05r8 DC64 0013
05 r c 04c4
05rt 3D20 001E
tJ522 tC24 0013
0526 DC64 0013
052A DC25 0013
052E DCÊS 0013
0532 0460 0004
0536 DC20 000s
05:ìtì cc20 0022
053E 020r 0lF2
0542 DC3 t þtL00P2
û544 381 I 0004
0548 I 6FC;
054Ê 0420 0004
054t 06A0 044A
0552 0078
0554 0200 01c2
0558 0201 0095
055C DC31 r.tl00p:r
055t 9811 0004
0562 l6FC
0564 CC25 0054
0568 D420 tr004
055C 06A0 044ê
0570 01c2
0572 0200 01c2
05i€; DC20 0012
057â DC20 0009
0578 0201 0lE2
0582 DC3t
0544 DC31
0586 0201 01EB
058A DC3t 100P0 I
058C 9811 0004
059tj t 6FC
0592 0201 01FE
0596 DC3l 100P02
0538 981 1 û004
053C 1 6FC
053E DC20 0009
05fì2 DC20 0004
05Ê6 0200 0rc2
05âÊ 020r 2000
OSAE T2O2 TFFF
0582 0420 F804
0586 0000
0588 0200 0355
05BC 0201 0140
05c0 Dc70 HL00P4
05c2 9810 0004
05c6 I 6FC
05c8 0200 0tFE
05CC DC70 þtl00p5

C| R R4
HOV @RNUII. R5
DIV OHUNDRD. R4
M0UB .oZER0(R4).*R0+
l',l0vEr GZERO(R4).xRl+
it.R R4
DIV rêTEN.R4
i{t}VB :dZtR0(R4).*R0+
HOVB @ZERO(R/I)t*R1+
l{0vB 3ZER0(R5).+R0+
I'ICVB I-òZER0(R5).*Rl+
i'l0VB iôCR. xR 1

l"tOVB ,--dBLANK . xR0 +

ir0v LôBLÊNKS . *R0 +
I-I Rf ,DAIEI
l.lOVB *pl+.*ft1+
Ctì +R1.@CR
Jlllt r.¡100P2
HOVB @TJR, *RO
BI OI]TH
IIÊTA DTHO3
LI RO,DTHCMD
LI Rl.DTilf 0
ll0VB *R1+.*hì0+
[:Fj -xRl.oCR
.rNE HL.00P3
M0U LôLABEL3(RG).+R0+
I'IOVB . iøCR. xR0
IJL ODTH
t}ATÊ DTHCI1D
LI RO. DTHCHD
í'rtVB ioi$f , +ft[ +
HOVB rOEILâNK, *RO+
L:t RI.FNÊME
H0VE, +Rl+.rRo+
ll0VB +R1+.xR0+
LI R.l.DÊTE
ll0vEi *Rf+..*R0+
CB +Rl.rôCR
JNt r-00P01
LI RI.RNUI"II
ifOVB *R1+.+R0+
Cß {Rl.@CR
JNE L0ûP02
l'l0VB 0BI-ANK . .*R0 +
ll0vB .ôCR. *R0+
L I RO, DTHCI.ID
Lï R],>2000
L i R2. >7FFF
BL.i.¡P .QsF804
DIìTA O

L I RO .I1SG32
LI RI,EiIJFFER
lfOVB *R0+. *R l +
CR +R0. @CR

-IN[ HLOOP4
L ] Rtì . RNLII1 l
H0VB xR0+. *Rl +

CLEÊR H4 FOR DiVISIIJN
PUT RUN NO IN R5
DiV R4,R5 BY lOO
GET HUNDREDTH
GET HUNDREDTH FOR RNUI1I
CLEAR R4 iOR DiVISION
DIV R4,R5 BY l0
GET TENTH
GET TENTH FOR RNUI-I1
GiT UNITH
GET UNITH FOR RNUIII
PLÊCE ENDING LÉìBEL
LEAVE ONE BLANK
LEAVE Ii'IO BIANKS
¡11 P0Ii'lTS T0 DDlH11/YY
HOVE ONE CHARACTER
ãND ÜF DêTE?
NO, CONTINUL
PLACE ENDING IlÊRK
OUTPUT ONE RECORD

R|] POINTS TO DTHCHD
RI PCTI.ITS TO DTHl O

HOVE ONE CHARÊCTER
TND OF COI1IlâND?
NO, CONTINUE
GET SECTOR NU},ÍBER
PLACE ENDiNG LABEL
POSITION FTLE I

RO POiNTS TO DTHCHD
SiTUP C0|-IMAND KEY
LEAVE A BLâNK
RI POINTS TO FNAI'IE
GET IHE lST LETTER
GET THE ZND LETTER
R1 POII'ITS TO DATE
GET ONE DiGIT OF THE DêTE
END OF DÊTE?
NO, CONTINUE
GET IìSCII RUN NO.
GET ONE DIGIT AT â TII'IE
LND OF RUN NO.?
NO, GIT ONE HORT
I-EÊVE Ê BLANK
PUT ENDINC; 11ÊRK
GET COMHANT)
LOI¡ER EOUND
UPPER BOUND
CALL DTil SU8-PROGRAIl
ANY ERROR I5 FATAL
RO PO INTS TO i.lSG32
R1 POÏNTS TO TEXT BUFFER
IIOVE ONE CHARACTER
ENO OF STRING?
NO , CONT INLIE
RO POINTS TO RNUH1
I'IOVE ONE CHÊRÊCTER
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I)ÊGE-11 GAIT DATA ACQUiSITIIJN PÊRT 1 (VER 08/09/81t

05cr 9810 0004
05D2 1 6FC
05D4 0460 0004
05D8 0200 0140
05DC 06Aú 0436
05t0 06A0 044A
05E4 0078
05E6 020û 0409
05EA 05A0 0436
0!,iE 0204 0060
05F2 C034 HL00F É,

05F4 I 308
05F6 06â0 tt436
05FA 06A0 0422
05Ft 06A0 044A
0602 0078
0e,04 t 0F5
0606 0457 HFIN

t-

0508 c20R
060A 0200
060E 06A0
0î,12 0200
06 r5 06rì0
06râ 06A0
}FilE 9820
0622 00r8
0624 1 950
0626 0200
0€,2A 06A0
ù52E 02t,A
0632 05Aû
0635 000D
0638 tt6A0
063C 0 1 E2
063E D6A0
0642 06A0
0€,46 01C2
0648 020A
064C 06A0
0550 000Ê
0652 06A0
0656 0 1 E2
0558 DEA0
O65C DEAO
0660 DEA0
0664 D6Ê0
0668 06Ê0
066C 0 1 C2
0668 06A0
0672 05A0
0675 0068

+

DA TÊCI]
0r3E
0436
0 rF4
0 435
0422
0 r 40

021D
0435
01c2
045C

0 466

0004
044A

01c2
045C

0466

0009
001 7
0017
0004
044A

047 4
044à

rjtì {R0. (d(lR
.JN[ t,¡L 00P5
I'IOVB oCR . +R 1

LI IìO.BUFFER
EIi. SMSGT}LIT
BI. .ÊDTH

T}âTÊ DTHO3
LI RO,I'1SGSO
BL @IISGOUT
i I RTT, LABEL4
M|iV +R4+. R0
.JEO I,JF iN
Bl- rallSGOUT
BI- OiNPUT
Bi_ ,:o,DTH

OATâ T)TI.JO3
,JHP Hr_00P5
B +R7

V RÎ1.R8
. R0, i'ls;Gttg

.-ðI"lSGOLJT

RO.HSG12
¡lI'lSGOU T
(õINPUT

END OF RUN NUI'IBER?
NO, CONTINUI
PUT ENDING LABIL
RO PO]NTS TO TEXT BUFFER
OUTPUT TiXT BLIFFER
STORE TEXT TO DISK

OUTPUT IlSG5O
R4 POINTS TO LAEEL4
GET IIESSAGI POINTIR
IF TND OF I'iSG GOTO IIF ]N
OUTPUT I1SG POINTED BY RO
GET USER'S ENTRY
STORE TO DISK

rìC;ê IN
EXiT

SAVT RETURN ADD ESS
Rl] POiNTS TO MSGtlg
OUTPUT IfSGt]9
Rtl PO INTS TO MS,G 1 2
OLITPUT MSG I2
ÜET REPLY
NEI,.¡ PAT IENT?

NO. GO TO OLD
R(.) POII'¡TS TO HSGI3
OUTPUT ifSG I3
R'O POINTS TO DTHCMD
5ET UP COMI1AND

SET UP FiLE NAI1E FOR ID
FILE NâHE
PUT EI,{DING HARK
CêLL DTH FOR ID COHI'IAND
ÊDDRESS FÛR COIII'IÊND
RltJ POINTS TO DTHCHD
SiT UP AF CCI1HAND

5ET UP FILE NÊI'IE

LEAVE A ELANK
SET THI FILE TC 44 SECTORS

SET UP TiIE ENDING HÊRK
CALL DIH FOR âF COI1HíìND

OPEN FILE NO. I
CALL DTH FOR PF COHI1AND

{ ROUTiNir. DlìTÊriO
.X THIS n.OLJTINT F'ERFORMS DÊTâ ACOUISITiOI.I ÊND IJF'DAiES* THf RUN I.IUHBiR iN THi PÊT]ENT IIASTER FILE. IF.* iH[ PHTIENT ]3 NEI,I TO THE SYSTEII, â NEI,¡ I1Ê5TER F ILE'r i:OR THL PATIENT l,lILL BE CREÊTED.

I't0
LI
Br.
t_l
BL

CB

.Jhti
LI
Er_

LI
iJL
DÊTA
BL
DâÏê
I{OVE
Err

LìI.I TA
LI
Bt..

DÊ TA
BL
DATA
I,IOUB
HOVB
If OVB
HOVB
Bl_
DÉ' TÊ
BL
BL
DAÏA

idBUFFER. .ôYES

NLD
R[r . ilSG 13
.ôHSGOU T
R I O. DTHCI1D
:argETUP 1

ID
OSETUP2
FNAME
:õCR.+Rl0
LóDT}I
DTHCI,ID
RlO.DTHTJHD
iùSETIJP 1

rlF
iAISETUP2
FNfìHT
OBLANK.+R1O+
0F0uR. +R I 0+
0F0UR.*R10+
@CR, *R 1 0
,ôDTH
DTHCI,ID
.ô0PEN
EDTiJ
DTHO 1



IJÊGE-12 GâIT DÊTA ACOUISITiON - PART 1 (VER O8/09/81 )

0978 0204
067C 04C5
067E C034
0680 05A0
0684 06A0
0688 06A0
068C 0078
0g8E 0585
0690 0285
0594 1 lF4
0596 06A0
069Ê 0078
059C 0585
069E 0285
0542 I lF9
06â4 05ft0
06Ê8 0084
06âA 04C0
0€,AC C80 0
0680 D820
0681 01t2
0686 06A0
06BA 0078
06BC 0420
06c0 06Ê0
06c4 I 05F
06c6 ù200
06cÊ 06A0
06ct 06Ê0
06D2 0bAtl
06D6 0081t
0608 06A0
06DC 0070
O6DE C1 AO
0€,E2 020s
0686 I 1 46
06E8 1 202
06EA 6185
06EC l0Frì
06EE 8l 45
06F0 1 545
06F2 0200
06F6 06Ê0
06FA 06A0
06FE 0082
0700 06A0
0704 0080
0706 020A
070A 06A0
070E 0000
07 I 0 06A0
0714 0tE2
07r6 DEAO
07 r Ê DEA0
071E D6A0
0722 06A0
0726 01C2
0728 020A

FL. .ODTH

nÊïÊ DTH03
BLi^IP gSêHPLE
BI CdI,.¡RÊPUP.JIIP DEX I T

LI R|].I',ISG14
BI. 3I'ISGOUT
BL LôOPEN
BI- OD TH
DfìTÊ DTH(l6
BL -ôDTH
DATÊ DTHO2
I,IOV OBUFFER, R6
LI R5.6
C R6. R5
.JI E OLDF TN
:ì R5. RF,

.JiIP Oi-DLP 1

c R6, R5
JNE OLDIJ 1

r-I R0.l1sc41
BI- r.èHSGOUT

BL ieD TH
DâTÊ DTH05
BL ODTH
DATA DTHO4
LI RIO,DTHCIIDBL r,,,sE TUp r
DATA ID
BI- OSETUP2
DêTÊ FNAI1I
l'10V8 @SLASH. *R I 0+
lJ0vB 0Tl.l0,*Rl0+
l"l0VB @CR, *P 1 gBI. .QDTH
DêTâ DTHCMD
LI RlO.DTHCIID

0032 tr R4.LABEI..I
í:l_R R5

DL00P I HOV xR4+ . R00436 8L oMSG0UT
0422 B[- r-d i NPU T044â Bt_ oDTH

DfìTâ DTHO3
INC R5

000Ê ci R5, I 0
.JLT TILCOP I

O44A DLOOP2 BI. @DTH
DAÏÊ DTHO3
INC R5002c cI R5,44
.,LI DLOOP2044Ã BL IôDTH
DAÏâ DTHOE;
CLR RO

Q 1 10 HCV R0,oBUFFEROOO4 HOVB OCR. OELIFFER+2

044A

0000
0482

0244 0LD
0 436
047 4
044A

044â

0140
f]O06 OLDLPl

OLDF IN

O3AB
0436
044à

044A

01c2
045C

0466

0007
00r5
0004
044â

01c2

68

R4 POINTS TO LABEL TABLE
il'IITIALIZE COUNTER
POSÏTION TO PROPTR LÊBEL
OUTPUT MSG POINTTD BY LâBEL
GET OPTRATOR'S TNTRY
CRLL DT¡-I TO OUTPUT l RECORD

END OF LÊBEL TABLE?
NO . CONT INIJE
ÏNITIALIZE OTHER SECTORS

UPDÍìTE COUNTTR
TND OI. FILE?
NO. CONTiNUE
POSN FILË I TO STCTOR I{]

INiTÏALIZE RUN NO.
STORT RUI.I NO. TO BUFFER
SET UP ENDiNG LABEL

STORE RUN NO. TO FJLE
CUTPUT Ê RECORD
SâI"IPLE AND STORE DÉìTA
SET DATE AND COI'IMENTS
GO ÏO EXIT
R0 F 0iNTS T0 t'lSG I 4
OUTPUT i'15G 14
OPEN F].LE NO. I
F,OSITION TO SECTOR Itl

READ PREV RUN NO.

PLÊCE FREV RUN NO. TO R6
I,IÊXIMUH 6 RUNS
GREÊTER IHÉìN 6
NI], GO TO OLDFIN
YEg, SUBTRACT 6 FROiI R6
TEST AGAIN
R6=6 ?
NO, GO TO OLDOI
R0 r)0INTS T0 I'ISG41
CU'IFUT I'{SG4I
CLOSE ALL FILES

RISET DiSKS

Rl O POINTS TO DTHCI-,ID
SET UP ID COIII,IAND

PLACE FILE NAI1E

PUT A SLíìSH
DRIVE NO. 2
ENDING LÊBEL
iNITIALiZE A l'¡Er.¡ DiSK

R 1 (l POINTS TO DTHCI1D
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I)AGÊ-i3 GâII DATA ACOUISITlCN - PâRT 1 (VER OA/09/81)

072C 06â0 045c
073t1 0008
0732 06A0 0466
0736 0 1 E2
0738 DEA0 0007
073C DEAO 0013
0740 DEâO 0009
0744 06Aù 0466
0748 0182
074A DEA0 0007
074E DEÊo 0015
0752 D6A0 0004
0756 05A0 044A
075A 0lc2
0iSc 0200 03D3
0750 06A0 0436
0764 0200 0405 0LDLPZ
0768 05A0 0436
076C 06â0 0422
0770 982fJ 0140
077 1 00c8
077G 1 6F6
0778 06A(t 0474
077C 0420 06BE 0LD0t
0780 06A0 0482
0784 04c"8 DEXIT

078t, 0280
078fì 020tJ
078E 0ËA0
0792 0200
0796 05A0
073A 06Ê0
079E 0200
07A2 0202
07A6 DC32
0748 9812
07AC 1 60 1

07AE 0582
0780 9812
0784 16F8
0786 D420
07BA 0200
07BE 020 I
07c2 DC3l
07c4 981 1

07c8 l6FC
07cã D420
07cE 0200
0702 06A0
07D6 0200
07DÊ 06A0

+

0100 tlHIN
0 09â
0436
00c4
0436
0422
OIEB
0140

HLOOP I
0007

OO04 NEXT

0 004
01F2
0140

Ì1100P2
0004

BL OSETUPl
DATÊ CF
BL OSETUP2
I]êTA FNAI'tE
IlOVB OSLASH.*R1O+
ll0VB :cZER0.*R10+
ll0VB r-dBLANK. *R I 0+
BL OSETUP2
ÐAÏÊ .FNÊME

H0VB idsLASH. *R 1 0+
ilOvB 0TH0. *R 1 0+
HOVB |OCR . +R 1 fl
Bi- @DTH
DÊTA DTHCIÍD
L I RO. HSG42
BI. OIISGIJLIT
t-I RO.HSG43
BI QMSGOUT
BL @INPUT
i'B IôBUFFER, .ôYEs

JI.IT CLDL P2
BI- @OPEN
BI-i,IP .ôSÊI''PLE
BI ÍOI,¡RÊPUP

B *R8

.IJPI ÍfIINI.IPr.i R0.ifsco1
BL OI,ISGOUT
LT RO.I1SG[|2
8t. Qflsc0uT
BI- @INPUT
i. i RO , DATE
LI R2, BUFFTR
I'tOVB +ft1+. xft!+
CB *R2. OSLíìSH
JNT NEXT
iNC R2
CB *R2.êCR
.JNE I1LOOP 1

l10VB OCR, *ft9
I-I RO.DATEl
iI Rl,BUFFER
I'l0VB *ft1+.*ftQ+
CB *Rl.oCR
JI'JE HLOOP2
l'l0VB .êCR. *R0
L I Rtl. HSGII3
BL OI'ISGOUT
Li R0.HSG04
BL êNSGOUT

SETUP (:F CCIlIlAI'¡t)

FiRST FILE NÊI1E

PLACI â SLASH
DISK DRIVE NO. tl/1
LEÊVE â BLANK
SECOND FILT NAHE

LEAVE A SLASH
DRIVE NO. 2
ENDING LABEL
GO TO CF COI1HAND

R(l POII.,ITS TO I1SG42
OUTF'UT I,ISG42
RO POINTS TO HSG43

GET UgER'S RESF'ONSE
READY?

I,IAIT AGâiN
OPEN FILE I
SAMPLE AND STORT DATA
SET DÊTE AND COI'IHEN]S
EXIT

+
.* Ì.1ÊIN F'iiOGRâI,I: HÊIN.} THIS 15 Ê BASTC HONITOR I,IHiCH PERFORMS THt+ INÏTIÊLIZÊTION AND QUERIES THE OPERATOR FOR+ A DESIRF.D FUNCTION. TT GATHERS PÊRÊHETERS AND{ TRâNSFEFS CONTROL TO AN ÊPPROPRIATE ROUTINE.

0004
O ODC
0436
00F3
0436

INITITìLIZE I.¡ORK SPACE
RtJ POINTS TO I',ISGO 1

OUTPUT i'1SG|] I
R(J POINTS TO I1SGO2
OLITPUT HSGtI2
GET REPLY
GET DÊTE BUFFER
POINT TO INPUT TIUFFER
|'1OVE ONE CHARACTER
A SLASH'1
YES, GO TO NEXI
UPDATE COUNTER
END OF DATE?
NO, CONTINUE
PLACE ENDiNG LABEL
POÏNT TO DD/11T1/YY
POINT TO INPUT BUFFIR
I'IOVE ONE CiIêRACTER
END OF DD/úN/YY?
NO. CONTINUE
PLACE ENDING LÊBEL
RO POINTS TO M9GO3
OUTPUT I1SGO3
RO PO]NTS TO I1SGO4
OUTPUT I1SGO4
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I'AGE-.I4 GâIT DATA ACOIJISTTlCN - PfìRT 1 ( VER 08/09/81 )

0iDt 0200 01 r 0
07i2 06Ê0 0436
07E6 0200 0134
07iA 06A0 0436
07Et 0200 0152
07F2 06Ét0 0436
07F6 06â0 0422
07FÊ C020 0140
07Ft 0980
08tt0 0201 0024
08ú4 C231
0806 r 325
0808 8C40
080ê 1 6FC
080c 0200 û26D
08r0 06A0 0436
t8f4 06Ê0 0422
0818 0200 01t2
081C 0201 01EB
0820 0202 0140
0824 DC32
0826 9812 0004
0824 1 302
082C 8û40
082E r r Fâ
083ü DC20 0004
0834 0998
0835 06AtJ 0444
083â 0082
083C 0200 0288
0840 05âù 0436
0844 06à(J 0422
0848 9820 0140
t84C 0008
084t 1 3CF
0850 2C00
0852 02ü0 0l7E
û856 06â0 0436
085Ê r 0riD
085C 00

r_I
Br.
LI
Bt_

I.f âIN(l l LT
Bt.

l"tt.00P4 Bi-
x0v
3Rr_
i-T

SERRCH I'1OV
.-itQ
C

.JNE

L'I
lll.
BL
r-I
L]
i-I

I'tt00P:t t{nvB
lft
LO

JEO
a
U

.Ji. T
i'INEXT 1 i'IOVEt

Bt.
Bl-
DA TÊ
LJ
BL.

BL
a'ftl- f!

i¡0
r/lrñ

^iirERROR L ]
BL
JiIP
f l.Jt)

R0. rfsG05
"IlSGÛU T

RO . HSG[,6
:dI',tSGOLIT
RO , HSGO 7

idl'lsG0Llj
OINPUT
OBIJFFER. RO

R0 .8
R 1 . TABC:HD
+Rl+,R[l
TRROR
R0.xR1+
SEARCH
Ftl].ttgcl5
iollSG0lJ T

@INPUT
R0 , Fi,lAME
R1.DâTE
R2 . EUF FER
+p1+. *ft[¡+
*R2.OCR
I,INEXT I
R(t.Rl
HLOOP3
.ôCR. +R0+
+R8
OD TH
DTH O5
n-0 , MSG 1b
rôÌ.t5G0uT
:ar INPLIT
IqIËIUFFER. @YES

HÊ]NO 1

0,0
RO . HSG(JS
:3rl15G0UT
I'tL00P4
iTAiN

NO POINTS TO I1SGO5
OUTPUT NSGIì5
RO POII'ITS TO I,ISGO6
OUTPUT I'1SGÜ6

O POINTS TO I'ISGO7
OTITPUT I'ISGO7
GET REFLY
9TOiìE RTPLY
RTGHT JUSTlFY
PO IN Ï TO TfìBLE OF CCI'lI1AND5
SAVE âDI¡RESS PTR iN R8
ERROR JF TABLE EXHÊUTED
COHPâRE TO USER'S ENTRY
NOT TIA'ICHID, sERÊCH AGA]N
R(] POINTS TO MSGI5
OUTPLIT ifSG I5
GET REPLY
Rtl PIJINTS TO FILE NAHT
PTR I OR END OF FILE NÊI1E
R2 POINTS TO BUFFER
MOVE ONE CHARACTER
END OF FÏLE NâI1E?
YES;, GO TO HNEXTI
NO. CHECK MAX LENGTH
ÚONT IF ilIìX NOT REACFIED
SET UP ENDING MâRK
GO TC CHOICE
CLOSE ALL F]LES

Rtl POINTS TO IlSGf6
OUTF,UT HSG I6
GET OPERATOR'9 REPLY
COMPÊRE TO USER'S ENTRY

iF YTs. STíìRT AC;âIN
NO. RTTURN TO I1ONITOR
RO POINTS TO I1SGt]8
OLITPUT IlSGtlËi
START AGâIN
END OF PRCGRAI4

000â LP
t)ICt, LÊ
0608 LP
0784 L?
0068 DP
0082 LP
O1C2 LA
l]B52 LP
0020 LP

*000E LP
006r1 DP
0596 LP
O7A5 LP
0830 LP

AF 0009
BOUND2 O I 40
DATACQ xO I 20DEXIT O67E
DTHO 1 0070
DTH05 0084
DÏHCHD t)OOC
ERROR *00 1 I
HUNDRD OtlODIR 0032
LABEL  OOOS
100P02 0786
r,tL0OP 1 07c2
I"INEXT 1 O4A2

BI-ANK OO22
FUFFER OOOB
DATÊI.IP O l EB
ilLOOP 1 0695
DTH02 0078
DTH06 x0088
Dti x00lB
F IVE O 1?.2
JD O42FJ
LABTL I tt048
l-F 002c
I,'AIN OTEE
itL00P2 0824
MOD 04A6

BLANKS il I 40
cr 0004
DÊTT (] I F2
DLOOP2 tì44A
DTiro3 0080
DTH07 009s
EIGHT *00O6
FNAME OO I 7
INLP 042?
LÊBELz (]O54
LIST O58A
MAINOI OlOO
t1L00P3 07FF,
t',t00I 04êE

LA
DP
t_fì
DP
LP
LP
LP
LP
DP
LP
LP
LA
LT
LT

LP
LT
LA
LP
DP
DP
LP
LA
LP
LP
RP
LP
LP
LP

r¡
Drì
Dfì
LP
DP
LP
LP
LP
LP
DP
LP
LP
r_P

DP

BOLIND 1

CR
DÊÏE1
DTH
DTH(j4
DÏHIÛ
ENS I GN

FOUR
iNPUÏ
LABEL3
100P0 1

HAINI,IP
IrL 00P 4
I',IODR TN
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I]AGi-15 GâiT DAIÉì ACQUISITIOI'I - PíìRT I (VER O8/09/8I )

009â LP t15G01(]IlO LP HSGOS
Ü 1 9E LP MSGÛg
u21D LP HSG13
0283 i-P r1SG20
O2DB LP NSG24
031Ê LP i'rSG28
0355 LP t1sc32

*0389 DP ilsc40
0409 DP tr1SG50

Xf]O IC I-P NINE
l]6E2 LP OLDLPI
O48E I-P OPINLP
000tÌ LÊ R0

+000C ¡-A Rl2
0002 LR R2
0006 LA R6

*0011 LP RD
(]BO4 LP 5EâRCH
OO12 LP SF

x{]OO(ì I-P START
0015 LP Tr^¡0
0542 '-P r,lL00P2
05F2 LP t¡100P6

i.rsct¡Z 00DC LP xsc03
HSGO6 O I52 LP I1SGO7
llSG I 0 *0 I Dg DP HSC;1 1

HSG 14 O26D LP I1SG 1 5
i.1sc2 r 02c9 LP t19,c22
t15G2c-, 02FB LP H5G26
t'rsc2g x0336 DP l1SG30
HSG33 0375 LP MSG34
i1SG41 O3D3 LP HSG42
YSGLPz 0436 DP I1SGOUIlLD O77C LP OLDO I
0r_tlLP2 0014 LP ONE
0R + 085C Lfi PÊR T 1

Frl 000fì LA Rt 0
R13 .x000E LA Rl4
R3 0004 t_A R4
R7 0008 r-lì R8
RNIJM l] I FI LA RNUH I

'ETLIPI 
0466 DP SETUP2

SIX |]O|]T LP S;LâSH
TÊBCi'1D f]O I E LP TEN
L'PDATE f]6O{T LP I'IFIN
xL00P3 05c0 LP HL00P4
I¡n-APLIP OOOS LP YES

(JOF3 LP HSGO4
01 7E LP t",rSGO8

O1F4 LP HSG12
O28B LP I1SG 16
O2D2 LP Ì'1SG23
0309 LP Ì1SG27

*0346 DP MSG31
O37F LP HSG35
0405 LP MSG43
r]TBt] LP NEXT
O6EE UP OLDFIN
0474 DP OPEN

*0010 LP PF
(l(,OB LÊ RI I

*000F LA R15
0005 LA R5
0003 ¡-A Rg
OiTE RP SêMPLE

*O()1Ê LP SEVEN
tI46ÉI LP SLP

xtl016 LP THREE
04E8 LP t¡100P 1

tl5CC LP HLOOPS
OO 1-Jì LP ZERO

OOCA
0 134

*018â
0244
02c3
O2EA
032ã
0368
O3AB
0 43E
06c6
07 e,4

*0t)0F
000 1

+000D
'+0003

0 0117
0lr-c
045C

*0fJ 19
0024
0 028
055C
0482

LP
LP
DP
LP
LP
LP
t.P
LP
LP
DP
r_P

t.P
t.. F'

t_A
LÊ
LA
LA
DA
DP
t.P
LP
RP
LP
DP
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I'RGi:- 1 GÊJ I L)ATiì âCuIIIS IT]LIru

()6EC

PHRT 2 (VER 27/04/8?)

.C;ÊIT 
DATâ âCQUISITlOI,]I liL PART 2 (VER 27 /04/'A2\'

PTìR T2

4
* EXTF.RNAL REFTRENCTS
+

lEi ilsrj0uT.lsct l.DTH.LABELl.UptN,DTHo1,DTH0zRiF BUFFtR.RNLil.,t,t1SG30;H5G3i,LeeËtä"'|v'|,v,¡,\
í+Ei MSGt q. ilSG40. HSG50, üÈclrä. orHosI.]iF DTHtlT . INPUT . CR. DÊiAI,.¡È

t.
.' EXTI RJ'JA; DEI.TNITIONS;
-1

l-JrF L Ii.T. tjpDATE. SÊt'|plE
+
+ RAI'I DÊTâ BÊgt
t.

ll-rT
DRIG

0202
0202
0204
0206
0208
020A
02ac
020E
021 0

0212
021 4

E7F 4
Ë7FB
E 7Fâ
ETFC
ETFI

0000
000ù 59
0002 0200
0004 0002
0006 0020
00û8 0023
000A 0000
000c 0 I 00
0008 I 000
00 r û 2000

0ú I 2 0000
0014 0096
0016 0086
001 I 0008
001A 0100
00tc 0l1E

JE

LABEI.5 DâTÊ
DÊTÊ
DATTì
DÊ TA
DÊÏA
DATA

AJRG )202.
COUNTL ËJSS 2
C'OUNTC BSS ?
THRESI| íJSS 2
RUNF'TR B5S ?
s,-iiPTR Ltrg 2
SI,IRATI EISS ?
NLIHSAIj rJSS 2
NUITCHL EISS i.
IRICHI- I,JSS; 2DILAY tsSs 2
+

-) â/Ð I t'¡T ¡ RFA{lt s
I
5a IUF' i: llU ,17 F 4
IIUXADR L.OU )E7F8
cgNVFi{ EftU >E7ËÊ
sTftTLls ¿0lJ >t7FC:
ADCDAT F-OU >E7fE

*
-* R0t'1 Dfì i 4 8ft5E
t.

RCRir +
YTS EYTF 'Y'
HfìL F DA TÊ > O2OOLIHITI IJATN 2
L].MIT2 DâTâ )2U
I.¡]IJTH DâTÊ >2J
NONE DATA (l
I,{ANTTD DÊTÊ >O l O|.J
OFFSET DÉITR >l{]TJO
STêRT DATÊ >2OOO
*
+ LABf l- i: Tr_tS

g OF THRESHOL|)S
NUI1 ÛF CTOCK PULSES
THRTi.IIOLD LTVEL
ADDR FOR DIFF RUN
STEr- POINTER
SÉì¡'IPLING RATE
NUM OF SAMPLES
NUI'{ OF CHANNELS
TRIGGER CHTìNNEL
DELÊY i00P INDEX

SITUP rìlD OPTIONS
I,IULTJPLTX âDDRESg
CONVERSION CCIIHíìND
Ê/D STATUS
â/D CONVERTTD DATfì

HSCiI CCDE FOR YEs
IIALF OF CLOCK +VT VCLTAGE
THRESHOLDS TO STAIìT
THRESHOLDS TO STOP
I'1IN. VAL]D SAIlPLE I,,I]DTH
I'10 0PTiONS
NUIlBER OF SÊI'IPLES I,IÊNIED
STEP OFFSTT
BUFFER STÊRTING PTR

HSG4(J
r'1sG6 0
I'lsG62
l'1sG63
r1sG64
l.tsG65
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{]OlE Of]Otl DÊTÊ Ù
OOZ(J O 180 LABELT DATÊ I-'SGI i) I
0022 0 1 8A DATÊ HSG I 02
0024 0194 DâTA HSG 1 03
0026 0l9E DÊTÊ rsel oq
oo2g olâB DÊTfl Nsõros
002â 0182 DÊTA tlSG I 06002c 0000 DâTn 0
qq?E q3l 0 LABEe I DATÉì itS,C;206
0030 028D DATA NSCZoS
0032 0286 DRTÊ HSG'04
0034 02E0 DâTA NSr;2oS
0036 0000 DÊlÉì 0 -
qq98 0328 LÍìEEL9 DêTA t,tsc207
003Ê 0348 DATA NÈCZO8
OO3C O35E DÉìTÊ NSEZOS
003E 0376 DÊTpt tfscãlO
0040 02E0 DATA rSeZoS
0042 0000 DATA 0 -
qq41 ooctl oo3t TÊBLEI DATA i.'l'
0048 0002 0032 DA rÊ 2'.'2'oo4c ootls oo33 oÀrÀ ã:'ã'oo5ll oorl4 oo34 DÊTÊ 4.,, 4,
0054 0005 0035 DATâ S, 'S.
oclsa 0006 0036 DATrì 6; '6'
rlogc orloz tlo3z DÊTA I .'i'0060 0000 DÊTfì 0'
0062 ooos oo3l TâBLE2 nnrR i.'r'
0066 oocln otl32 DêTfì 1o ,; z
cloÉ,rì oooF oo:J3 nÀln r i. 'à'
00r,E 0000 DÊTâ 0
qt!7_0 1 z2D 00 i I TêBLE3 unrÀ s933,29. ' I .

c074 0031
0076 0875 0032 DÉìTÊ 293:J.50. '2'
007Éì 0032
007c 0790 ú048 Dâlrì 1 933. 75. '3't080 003r
0082 0539 ú064 DATA i 433. I ûrl . '4'
û085 0tr31
_0988 02 l5 00F A t-)ArA E,33.2S0 . , 5'c08c 00:J5
008Ë 00Est 01F4 DrìTâ 2j3.500.'6.c0s2 0038,
0094 0000 DíìTâ (l

** SYSTEí.I fESSAGES
*

0096 0A ilsc60
00s7 5354 414E
0c9B 1441 5241
009F 2053 5953
0ûA3 5445 4D2D
00A7 4445 4641
0cAB 554C 545:;
00êF 204 t 5245
tr083 3A20
0085 0D
0086 2020 312E t1SG62

25 IlIL J VOL TS
5t) í1ILI VOLTS
75 HIL] VOL I'S

25 HZ

:-,0 HZ

75 HZ

100 rJZ

25fJ ',ÅL

30rJ iI

FJYTF }OA
TEXT 'SIANDARI) SYSTEI1 DEFÊULTS ARI:

BYTE )l]D
]EXT ' I. TR]GGER CHANNTL = CHâNNEL
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(tlEA 2t)2(.t 5452
lcBE 1347 4741
00c2 5220 4348
0cc6 41 4E 4849
0OcA 4c20 3D20
Ûccl 1348 414t
0002 4E43 4C20
0cD6 31
0007 0t)
00D8 2020 322E t',tsc63
c0DC 202t,5319
00Et 4748 414C
0084 2C54 1852
00E8 455:r 484F
0OEC 4C44 20:iD
00F0 2031 3030
00F4 2C4D 19A|
00F8 4920 5g4F
00FC 4C54 53
OOFF l]D
0100 2020 332E HSG64
0 1 04 2020 534 1

0108 4050 4C49
010c 1E47 203.:_
0110 4154 4520
0114 iD20 3132
01 lB 3520 485Ê
0l1c 0A0D
0118 444F 2035 rr5c65

N)
tJ122 4FC,5 ?057
012b 11 4E 54?L
012Ã 544F 2043
0128 1841 4EA7
0132 452tJ 4148
01 36 5920 4F¿f-,
013Ê 2054 4845
0138 2044 45aE
0142 4155 4C54
0146 533F 2tt28
0 I 4A 592F 4E29
0t4E 20
0r4F 0D
0150 5432 4947 MSG73
0154 474É, 5220
0 r 5E 4348 41 4E
015C 4L45 1C20
0 1 60 3020
0162 0D
0 1 53 0A ilsc8Z
01F.4 2A2A 2A20
0169 c.245 4141
0 1 6C 5920 544F
0170 2041 4351
0174 5541 5245
0178 2044 4151
017C 4t
0 1 7E 0A0n
0 1 80 5354 4550 HSG I 0 r

'¿lrF )0[)
Tf.\/TtLl\t L.

DÍtTâ >0ê0t)
TE)(T 'STEP I - '

SIGNAL THRESHOLIJ = I Otl I'IILI VOLTS'

!iYTE )CD
TEXT .3, 

SAMPL]NG RATE = 125 H7,

UêTÊ >tìIì(,D
TEXT 'DO YOLI I,IANT TO CHêNGË ÊNY Oi' THE DEi-ÊULT5?

trY rt >0D
TEXT 'TRIGGER CHANNEL = '

LIYTE >OD

BYÏE >l:|â
TEXT '*** READY TO ACQUIRE DATíì'

\\/
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0 r84
0188
0r89
01 8A
01 8E
0r92
0193
01 94
01 98
0r9c
0r3D
01 9E
01 A2
0 1Ê5
0lA7
01 A8
O1AC
0180
01 81
0t82
01 86
01Btì
OIEJB
OIBC
OIBD

203 r 20?D
2t
OD Ü YTE
5s54 4550 if5c102 TEXT
203? 2020
20
OD IIYTE
5354 4550 fSGl 03 TEXT
2033 2t2D
20OD EJYTE
5354 4550 MSGl 04 TEXT
2034 2021)
20OD FYTE
5354 4550 HSG I 05 TEyiT
2035 ?02û
20
OD DYTE
5354 4550 tlsG 1 06 TtXT
2036 2021)
20
OD BYTE0A i15c1 10 BY'|E
2â2ã 204D TIXT

>0D
'STEP 2 -

.'ltD
'STIP 3 -

1,0 D
'STEP 4 - '

\0[)
'STEP 5 -

)0[]
'STEP 6 - '

>0i)
>04
'*" MTI,IORY OVERFLOI,.ITD - SAMF'LlNG RATE TOO FâS,T'

01c1 4c,40 4F52
01c5 5520 4F56
01c3 4552 4b4C
01cD 4F57 15A4
0rDr 202t) 2053
01û5 4140 504(j
0103 494E 1720
011)D 5241 5445
01Er 2054 4F4F
01E5 2C46 4153
01E9 54
O I EA OD !.]YTE
OlEB 4549 4E4S I1SG1I I TEXT
0 r EF 5348 4544
O 1F3 OD IIYTT
OIF4 OA MSG112 BITE
01F> 2â2t\ 2à20 TEXT
ú1F9 5351 4F52
01FD 4948 4720
02t,1 4141 54t)1
02ü5 2054 4F20
02c3 4149 c-3ats

OZOD. OD BYTE
O2[JE OA MSGI2O BYTE
020F 2â2â 2A20 TEXT
c213 494Ê 5641
0217 4C43 4420
0218 4948 5055
021F 5420 2020
0223 5152 c-g?tl
0227 4147 4149
0228 4E3A 20
O22L OD ETYTE

>00
'FiNISHTD'

>Qi)
>0Ê
'*+¡ STORING DATA TO DIEK

>rlD
>0ê.-}*-X INVÊLID INPUT - TRY AC.;âIN: '

>0D
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>nA
'I]HÊNGE TRIGGiR CHANNTL? (Y/N)

IfSG2tlf] BYTE
I tXT

O:2F tJA
0230 434P" 414E
c234 47 4' 20c.4
0238 -¡24'J 47 47
023C 455? 20a3
0240 4841 4E4E
0214 454C 'JF?0
0248 2859 2F4E
024C 2320
O24E ÜD
024F 0à
0230 4348 414E
c254 47 45 20E,4
0258 48:-,2 4553
025C 4t4t 1CA4
0260 204C 4556
0284 4c-4C 'JF20
0258 28r_,9 2F 4E
026C 2520
026e 0D
026F 0A
0270 4348 4148
C27 4 47 4c' Z\rill
0278 4t4D 504C
027C 4348 17?tt
0280 5241 544c"
02'ö4 3F20 2859
0288 2F4E ?920
O2BC OD
O2BD OA
0288 2020 3128
0292 20'2t) 2032
0296 3520 485A
029A 382rl 201i
tt29E 2E20 2020
02â2 ii530 204e
02Ê6 5A3E 202r)
B2âA'.i328 20?L
02At 2037 3520
0282 485A 38
0285 0D
0286 2020 342E
c2BA 202t, 31'J0
02EiE 3020 485Ê
02c2 3820 20?5
02c6 2820 203?
02cÊ 3530 2048
02cE 5A3B 2020
02D2 3F,28 2020
02D6 3530 3020
OzDÊ 485A 2E
O2DE OAOD
02E0 5345 4C45

t2E4 4354 2054
0288 1845 ?lAL
02EC 554D 4245
02F0 5220 415'¿
02F4 534F 4349

BYTi
Ì1SG2tì 1 BYTE

TTXT

>UD
>0A
'CHÊNGE THRËSHOLD LEVEL? (Y/N)

LIYlE
NSG2O2 BYTE

T;XT

>0D
> llA
'CHâNGE :;ÊIlF'LlNG RIìTE? ( Y/N )

ËJY TE
HSG2O:I BYTE

TEXT

RY TE

I'1SG2O4 TEXT

)0D
> 0Éì'1

DA TA
I'ISG205 TTXT

)0D
4. 1 00 HZ: 5. 250 HZ: u. 5û0 HZ

>tlAOD
'SELECT THE NUMEIER ÊSSOCIATTD IIITH YOUR CHOICE:
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tJ2F8 41c,4 4544
02FC 2C57 1954
û300 4820 534F
03c4 5F,52 201:J
0308 484F 4943
030c 453A 20
O3OF OD TIYTE
031 0 0Ê tI5G205 BYTI
031 1 534 t 4050 TF.X I
L315 4C49 4817
0319 2052 4154
0310 4553 2041
0321 56ri1 434C
0325 4142 1C4S
0329 3A
O32A OD I]YTE
O32B OA MSG2O7 EJYTE
032C 5448 5245 TEXT
0330 5348 4F4C
0334 442ù 4C45
0338 5645 4c5',j
033C 2041 5641
0i40 194C 4142
0344 4(:41. 3â
0347 0D BY t E

034Ê1 0ê t{sc208 BYTI
0343 2020 312E T¡XT
C34D 20?.1 32'i5
0351 204D 494C
0355 452fi gb¿F
0359 4C54 532r:
O:ìSD ÜD FJYTE
035t 2t2rJ 3228 M5G209 TãXT
c352 2ù2t 35'iu
0366 204[,494(:
038â 4'J2(t c.6t:Ë

036Ë 4C54 532C
0372 204F 52
0375 (]D EYTE
03i6 2020 332E ¡'lsc2 t 0 TtxT
0'i7A 20?.0 3732
t)378 ?.040 494C
0'iA2 1920 56þF
ú386 4C54 532t
038Ê OêOD DßìT â

PâRT 2 (VER ?7 /04/82\

>0D
>04,SAMPLÏNG RâTE5 ÉìVÊ]LAELE:

> 01)
>04
'THRESHOLD LTVELS AVAILABLE: '

)0D
>04
'l 25 HIL] VI]LTS. '

>00
50 HILI VOLTS. OR'

>rlD
' 3. 75 HILI V0LT5.'

>0ê0D
*
* R0tJTIllE: H0D5* THIS ROIITINE TESTS A NUI1BER ÊND DECiDES I,IHETHER
+ IT IS NECESSARY TO SUBTRACT 6 FROI.,I THE NLII,IBER,
+ THf ROI.JTTNE KEEPS ON SLIETRÊCTING 6 FROII THE NUMBER
+ UNT]L T']E RESIJLT IS LESS THêN OR ÊQUÊL TO 6.
.t

038C 0200 0006 M0D6 t_I
0390 8ú06 L
0332 1202 JLE
ù394 6180 t
0335 10FA J;'iP
03s8 rl45B tl0DFiN Ei

R0 .6
R6, RO

IlODF IN
RO. R6
HOD6
*Rl1

IIÉìXII1UH 6 RUNS PER D15K
OVER 6 ?
NO. RETURN
YES, R6=R6-6
CON T I NUE
EXIT
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r. ROUTINE: LI5]
+ THIS n'OlJTiNE .ISTS fl FATIENT'S

039Ê C20B
039C 020û
0340 05â0
03â4 05A0
03A8 fl6A0
03AC 0000
03âÊ 0204
0382 C034
û384 1 30A
0386 06Ê0
038â 06A0
03BE 0000
03c0 0200
03c4 06A0
03c8 1 0F 4
03cA 06A0
03ci 03EE
03D0 c r Ait
03D4 06A0
03D8 C806
03DC 0200
03E0 06A0
03E4 0200
03i8 0F,Ê0
03EC C6A0
03F0 03c¿
03F2 0200
03F6 06A0
03Fâ 06fJ6
03F C lc.F 7
03FE 06A0
0402 0000
0404 c1 A0
0408 06A0
040c 03F0
040E 0200
0412 06â0
04 1 6 0200
04 r â 06A0
04 1 E 020â
0422 C03A
0424 1 30A
0425 06A0
042â 06A0
042E 040C
0430 0200
0434 06A0
0438 1 0F4
043A 0606
043C 1 5E5
043E 0458

I
L.IST

0000
0000
0000
0000

0000
LSTLP I

0 342
O3AA

000û
000ú

(J3EC LSTFNl

03c2
038C
0000
0000
03Btt
0000
03t2
O3CC LSTi.PT

0 3D2
O3ER

03Et

O3DA
O4OO LSTLP3

03F4
0 3F8
0000
041 4
0000

L STI- P4

041c
0 40A

04r0
03c6

Rll.R8
R0.t',tscl1
r-dHS(;OLIT

.ôOFEN
idD T Fl

DTHIJ I

R4 , LABFL I
+R4+ . R0
LSTFNl
OI'ISCJOU T

IdD TH
NTHO2
RO, BUFFIR
OI1SGLP2
LSTLP I
ODTH
DTHtI2
OBUFFER, R6
(dH0D6
R6. ORNUI'I
R0, t'rsG30
OI.lSGCUT
R0 . HSG:ir
iol'1SG0U T
(:.etD TH
DTHrJ2
RO. BUFFER
l"rl'1SG0UT
R6
LSTL P2
@DTH
DTiJOT
@RNUM. Rb
:dDTH
DTHO2
Rt}. BUFFER
0t'tsG0uT
R0, t',lsG50
@HSGOUT
R I (). LÊBEL4
*Rl0+.R0
LSTF I'.l2

iòl'tsG0U T

QD TH
DTHO 2
RO . BUFFER
O SGLP2
LSTI-P4
R6
LSTLP3
*R8

LSTFN2

{
{
{

Hnv
L1
Bt
Þr

t't-
DTìTA
Li
i'r0v
.,t.0
tìt
ÞL
DÊTA
LI
EL
.JiIP
BL
DÊÏâ
¡10V
EI
tf 0v
Li
Bt.
t_i
EL
Ei.
i)H TA
t.I
EL
iltc
.JCi T

tl
DR TÊ
t10v
fi_
Dâ Tâ
Li
Bt
LI
ÈL
LT
r.tùv
.JFO
BL
tiL
DATô
LI
Ei r-

-IMP
DEC
JGT
B

MASTEI'I FiLE.

SAVE RTTURN âDDFISS
RO POINTS TO I1SGI l
OUTPUÏ HSGl 1

OPEN FILE 1

POSN FILI I TO S;ECTOR O

ri4 P0INTS T0 l'{5c FILE
OUTPUT ONE .ÊBEL
GO TO LSTFi'¡1 IF FTNISHID

iìEÊD OI.IE RECORD

GET MESSAGE PTR
LIST ONE RICORT)
CONT JNUE
RIAD F'REV RUN I'IO.

KETP PREV RUN NO.
GET LOOP INDTX
DI TTO
GET MSG3O
OUTPUT H5G3Ü
c.;ET i'tsGtì I
0UTPUT i15C.;31
READ RUN NO. AND DÊTt

R0 P0Il'lTS T0 BLIFFER
L J 5 T RUI.,¡ NO . AND Dfì TE
F iN ISHED?
NO, CONTÏNUE
POSN FILE 1 TO SICT 20

GET PREV. RUN ii0.
GiT COHMENT TI I-LE

0UTPUI C0Hl'tEl'lT TITLE
R(ì POINTS TO HSGSÙ
OUTPUT HSGSI|
Rl() POINTS i]NE NO.
LJPDATE POINTiR
JF iND OF LST, TO LSTFN2
LIST LINI NO.
GET COHHENT LINE

POINT TO CO|'IIIENT L]NE
CUTPUT COMI',IENT L INE
CONT INLIE
F IN I SED?
NO, CONTINUE
[XIÏ

ROIITINË: TIPDêTE
THIS ROUTINE UPDATES TiJE PÊTIENT'S HâSTElr- FILE:
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{ ]T i.I!iIi THE FiLE ONE ITTH AT A TIIlE AND ASKS
X THE OPTRATOR TO ENTTR THE NEH iNFORI',tâTION. THE* INFORi'IÊTION I,IILL REHÊIN THE SAI1I iF ONLY A CARRIíTJE
+ RETURN IS ENTETIED.

0440 c20B
0442 0200
0445 06A0
044fì 06A0
044E 06A0
0452 03âC
0454 0204
0458 C034
045Ê 1310
045C 05A0
0460 06A0
0464 9820
c468 000t
046A I 304
04bc 06A0
0470 0000
0472 10F2
0474 06A0
û478 042E
047A 1 OEE
04zc 05A0
04ü0 0478
0482 CrA0
0486 06Aü
048Ê 06â0
048E 0402
043ù 06Ê0
04s4 0480
0496 0200
04sA 2C80
049C 0200
04ÊtJ 06A0
0444 0200
04Ê8 06A0
aqâc 0204
0480 c034
0482 l3l0
0484 06ê0
0488 06A0
04BC 9820
c4cu 0468
04c2 1304
04c4 06A0
04c8 0470
04cA 1 0F2
04cc 06A0
0400 0494
04D2 r 0EE
04D4 0506
04D6 I SDC
04D8 0458

+
IIF'DATI IIOV

0000 I I
0428 Bi_.

03â6 ÐL
O42C EL

DATÊ
0380 t I

UPLF I HOV
.JF ¡

0448 iii-
0000 BL
0432 C.n

Ã I I r l1(1

R0 . i',lsc.;1 0
OHSfJOLIT
QOPEN
.ôD TH
DTHO 1

R4 . LABTL I
*R4+.1ì0
iJF,F ] N 1

r-q,l,lSG0UT

O INPUT
OBI-IFFiR. @CR

UNËXT 1

ODTiI
D TH():ì
LIPL.P I
iCD T iJ

D Tir0 2
UPLP ]
0D iil
DTHO2
:CBUFFER. ¡.(6

LõMO DI-,

ODTH
DTHO 7

OI)TH
DTHO2
R0. >0fì
Rf)
Rt|. BUFFER

'IIHSGOLIT
R0 . t1sc50
CdI'ISGOUÏ
R4. LâBTL4
*R4+ . R0
JFF IN2
TQHSGOU T

OTNPIJT
Cq,BUFFER . rôCR

5ÊVE RETURN êI-)DRES5
dtJ POII'IT5 TO HSGI r]

OLITPUT i'tsG1i)
OF,EN F ILE 1

POSN F ILE 1 TO STIìRI

R4 POiNTS TO I,ISG FJLI
ADVÊNCE ¡lSG POINTER
GOTO UPFINI IF F]N]SID
OUTF,UT LATiEL
GE T LISErì'S RESP0NSE
NO CIIAN(ìE?

0 450

O46E UNEXTI

047F. UPF IN I

0 4tr6
038C
047t

O48C UPLP2

000Ê

0 484
04 5E
0418
04â2
0420

UPLP:I

O4AA
0462
04 9E

._tl-0

ft,.-

T)fì T â
_il-1P

Bt.
DA Ïfì
JHP
BL
DÊ TA
í't0v
Ei-
Br_

DiìTA
Bt.
DâTA
LT
OIJ T

uI
Bi.
t_i
EL
uI
t10v
JEQ
Fir
Et t,
aa

;NEXT RECOIiD
; STORE THE INFO TO DiSK

: C;CNT INUE
; UPDÍìTE 5¿CTOR NO.

: CONTINUE
: GTT PRTV RUN NO.

: STOIìT PREV RLJN NO.
: GET LOOF']i.¡DEX
: POSi'I TO SECTOR 2O

: GiT COHIIINT LâEiL

;LiI{I FEiD

P0Ii'¡T T0 C0IIMENT r-AEEL
OUTPUT LâBIL
Gi i UNDERL iNE
OUTPUÏ UNDERLINE
R4 POTNTS TO LiNE hIO.
GET LIi'IE NO.
iF END 0F LIST. FINISTIED
OUTPUT LINt NO.
GiT USE¡-{'S RESPONSE
NO CHfìI{GE?

YES. tr0T0 ut'lEX'Í2
STORE I.OIlIlENT

CONT iNUE
UPDA I E 5tC T0R i'10 .

CONT INUE
UPDÊTE. INDEX
IF I'IORE. Ct'NTINUT

-i;Q UNEX T 2
0492 BI .QD TH

DÉìTâ DTHO3
JHP UPLP3

O4C6 UNEXT2 Bi- @DTH
i}ArR DTHII2
JMP UPLP3

iJPF ÏN2 DEC R6
JGT IIPLP2
B xR8

*
* SLIFPRI,ìGRA11: SAIIPLE
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04!rì 000û snnplr DATA DATAHP
O4DC O4DE DâTâ SANOI
04DE C02ü 0010 sAtl0l ¡rnv osTfìRT. R0
04E2 04F0 L[JOPil t Cl R *R0+
O4E4 O28O TFFE CI RO.>7FFT
O4E8 12FC JLE LOOP|]I
04Efì 0200 0007 iI nO, Z04t¡ c800 0210 HOv Rfl ;oNl-il-t(_-Hl04F2 0200 001 4 LI R0 ; >00 I 4
04Fb C800 0206 t:,r0(/ R0::dTHRESH
04FA 0200 0460 Li R0; i I 3s
04FE C800 0214 Hov R0:oDE|_AY
0502 0200 0070 iI AO. iZS
0506 c800 020c ilov R0,oSHRATE
050A 0200 000 I Lr R0 ; i
050E c800 0212 ü0u R0;oTRICHL
0512 t)204 0012 L_ I R4 : LÊBELS
05 t 6 c034 Sfìt1PL.l t'10v on4i. no
05 r 8 1 303 .JEO SNTXT 1

051fì 06Ê0 tl4Et6 tii rôÌ15G0uT
05rE 10FEr .lilP SÊMPLI
O52O 06A0 tl4BA SNEXTl BI. @INPÙT
0524 9821) OAEE CB OBUFFER. OYES
052Ëi 00t0
f]52A I B6C JI.JË SNEXT2
052C ,J200 022f sL 00 F, I t. I R 0 . ils c2 0 0
0530 05A0 051C Bt_ ot'15c0uT
0534 0540 0522 Bt- .@IN|,UT
0538 9820 0526 CE ABÙFFER.OYES
053C Ú0C0
053t 161 7 ..iNtt NE){T0 I
0540 0200 0150 LI R0.M5G73
0544 06A0 0532 Eir_ oHSGóUT
0c,48 06â0 0536 A(-;Nû I FL @INPUT
05qc cû20 053A í_.,rOv oBitrf gl. *t
0550 0980 siìt. no , a0332 0201 0044 LI ri, ineirl0!95 C0FI SL00p2 tlOv *Ri+.R3
0558 1 305 JEC FRRoR 1

055Ê 8C40 C R0. *Rt +
O55C 1 6FC JNE SLOOP2û55i C803 0212 HCV Ri. .õritclr¡_
0562 1005 Jt-{p NEXTgI
0564 0200 0208 ERR0Rl Li R0.HSG120
0568 06A0 0546 BL OrlS;GotlT
056C 1 OED ..lr.fP ÊcN01
056E 0200 024F NEXTol r_I R0.HSG20t
0572 06A0 056A Bt. @MSGOUT
os76 06n0 os4n BL :.iñÞúi
057Ê 9820 054E ctt @BUFÈER. tcYESc57E 000t
0580 161A .tNE NEXTo4
0582 0204 0038 ¡_ I n4. LneELs09q6 C034 SL00p:ì t1r:ìV +R4;. R00588 1303 -t[iJ NEXTg3
058A 06A0 0574 BL ONSGOUi
058E 1 0Ftt .JHP SLOOÈS

I.IF, FOR 5âHPLE
STARÏING PTR FOR SÊHPLE
BUFFER START]¡lG PTR
CLEAR ONT BUFFER LÛCN
LâST ONE?
NO , COI'iT INUE
NO. OF CHÊNNTLS = 7

THRESHOLI) = IOO I',IV

DELÊY INDEX FOR 125 HZ
SETUP Dtr-fìY INDEX
SAMPLING RATE = 12C, H7

CHANNEL I

TRIGGER CHANNEL = I

R4 POiI'¡TS TO FILE LAEEL5
ÊDVÊNCE POiNTER
IF FINISHTD, GOTO SNEXTI
OUTPUT ONE HTSSÊGE
CONT J NUT
GET USER'S RESPONSE
NO CHÊNGE'1

YE5, GOTO SNEXT2

OLIÏPUT MSG2f]O
T.;ET RESF'ONSE
NO CHANGE?

YES, GOTO NEXT|]I

OUTPUT I1SG73
(;ET OPIRATOR'5 ENTRY
(.;ET CHANNEL NO.
RiGHT JUSTiF]ED
GTT TfìBLE 1

KEÊP ÉìDDRESS
IF ERROR GOTO ERRORl
i'lATCH CHANNFL NO.
iF NOT lffìT(:.HED, ÊGAIN
SET IR]GGER CI-IÊNNEL
CONTINUE NEXT STEP

OTITPLIT IlSG 120
ÏRY IìGAiN

OUTPUT M5G2O 1

GET RESPONSE
NO CHÊNGT?

YES. GOTO NEXTtl4
R4 F'0INTS T0 uÊEELS
ADVANCE POiNTER
END OF FIIE?
OUTPU I ONE I1ESSAGE
CONT INUE
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05s0 06A0 0578 NEXT03 iii
0594 C020 057c t,10v
0598 0980 SRL
059A 020 1 0û62 i_ I
0538 Cl]F I sL00P4 NOV
05A0 1305 .lFQ
05A2 8C40 c -
0544 16FC ._thtt:
0546 C803 0206 HOv
05AA 1005 ,JHP
OSAC O2O(J t}2OE ERRORZ L]
0580 06A0 058C Er
0584 IOED .il{P
0986 0200 02GF NEXTO4 LI
O5Bíì O6AII TI5B2 BL
05BE 06Ê0 05s2 8t
05c2 9820 0596 cEt
c5c6 000t
05c8 16l D _r$F
05cA 0204 [J02E ,_ T
0scE c034 5100P5 t10V
0500 1303 .jt-O
0502 06A0 05BC BL
05D6 1 OFB JHP
05D8 06â0 05c0 NEXTO5 EL
05DC C020 05c4 il0v
0580 0980 Snt_
05E2 0201 0070 i_T
05E5 COF I sL00P6 HOv
osãs I 3oB ¡Èc
05EÊ C13t ü0v
OSEC 8C4 t) C.

05EE l6FB .rllE
05¡0 c803 0214 i,l0v
05F 4 C804 020c ü0v05í8 1005 .JMP
OSFR O2O[J OzOE ERRORS LI
05FE 06A0 05D4 EL
0602 1 OEA JHP
0604 0200 0r63 SNEXT2 i_I
0608 06A0 0600 o sr.

PÊRT 2 (\IER 27 /04/82t

060c c820
c61 0 020Ê
061 2 C820
c6r 6 E7F4
061 I 04C8
06rA c028
06tE 06A0
0622 C820
0628 02f,9
0628 04E0
062C C820
c630 E7F8
0632 0480
0636 8820

t-
001 0

000ê

0208
0212

0202
ETFE

ÊCOIIIRF- DÊTA

i'l0u

QINPL'T
OtsUFFER. RO
R0 .8
ft1.ÏABLE2
*R1+,R3
ERROR2
R0,+R1*
sLc0P4
R3. 9THRESH
NEXTl]4
R0,t1scl20
OHSGOUT
NãXTf)3
Rtl . MSG202
OIISGOUT
,õINPUT
OBI-JFFËR. 

'dYES
SNTX T 2
R4. LÊBTL8
*R4+. R0
NEXTOE
(dMSGOU T
SLOOP5
f.ù INPU T

?tsLJFFER. RO
R0 .8
R I . TABt.E3
*R1+.R3
ERNOR3
*i{ I +. iì4
Rll . *R I +
sr_00P5
R3. @DEI-AY
R4. OSHRÊTT
SNEXT2
R0 . tlsG 120
OI,ISGOUT
NEXTO5
R0 . t',tsG82
@MSGOUT

OSTÊRT..OSTEPTR

LòNONE. OSETUP

R6
LõLABELT(R8).RO
@11sG0uT
OSTEPTR, ORUNPTR

l.t3u

ci.R
0020 L00Pl Hov060A BL
O2OA LPIO HOV

(ll R

MOV
ONUI.ISAII
OTRICHL. OI1UXADR

Ci. R @COUNTL
C IAADCDAT..ôTHRTSH

L.ti0P2
LOOP3

8l

GET RESPONSE
SÏORE RESPONSE TO Rt}
RIGHT JUSTiFiED
CTiT TÊBLE2
KLEP âDDRESS
iF iRRÜR GOTO ERROR2
IIÊTCH THRESHOLD LEVEL?
NO, CONTINLIT
SETUP f'IEi.I THRESHOLD
CONTINUE NEXT STEP

OUTPUT IISG I2O
TRY AGAIN

OLriPUT nsc202
GiT RTSPONSE
NO CHANTJã?

YES. CONT SNEXT2
R4 POINTS TO LA8EL8
êDVANCT F,O]NTER
END OF FILE'1
OUTPIJT ONE I',IESSAGE
CONÏ iNUE
GET RESPONSE
STORE RISPONSE TO RO
RIGHT JUSTiFY
R1 POINTS TO TÊBLE3
(:;ET DELAY ]NDIX
IF ERROR GOTO EiìROR3
G[T DELAY iNI}EX
IlATCH SAIIPL]NTì RâTE
IF NO I HIìTCHTD. AGÍìIN
5E.TUF'DELAY iNDEX
SETUP SAMPLING RATE
CONTINUE NEXT STTP

OUTF,UT MSG 1 2O
TRY êGAIN

OLITPUT HSG82

RUN NO, I STÊRTING PTR

OUTPUT fì
SETUP RUN

IlEE5ÊGE
PO I I'I TER

NO SAIIPLES = O

GET TRIGGER CHANNEL

CLEAR THRESHOLD COUNTER
HIGHER THAN THRESHOLD?
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0634 0206
063C il Fâ .Jt-T 1 00P2
063E 0540 0202 Ii,tC r¡iC0UNTL
0642 8820 0202 c oc0uNTL .:dL iHi T I
0546 00c4
0€,48 t 30l .jt-íl NEXT I
0644 l0F5 -r"rp 100p3
O64C O4EO O2O2 NEXTI CI-R OCOU|{TL
0650 c020 0208 100p4 Hov oRt.r¡pTp.*o
0554 0201 0001 i.I R I , 'l

0658 C8O1 E7F8 LOOPS I'1NV Rl .OMUXADR
065C C420 ETFE itOv :dADCDAT, *R0
0660 0220 0200 ftT R0. >200
0664 0581 tNC Rl
0666 0281 0tJ07 CT Rl .7
0664 l2F6 Jl-t r-00PS
066C 05A0 020Ê Iilc oNUHSAt"r
0670 882]0 O2t}E C INIJHSÊH. OI,IANTED
0674 00t,c
0576 1:;i7 .lr:T EF:ROR
067',¿ C82(t 0212 M0\/ @TRicilL. @tluxADR
c67C ETFrj
067[ 8820 ETFE t @âDCDAT. TqTTHRESH
0€,82 0206
0684 1507 JGT NI_XT2
0686 05A0 0202 JNri $(:0UNTL
0684 €1820 0202 C ,_aCOUNTL. r-or_Ii.tlT2
c68E 000b
0690 1 31 0 ¡i_n t{[)(T4
0692 1OO2 .JHP NEXT3
06S4 04E0 0202 NEXT;: Ci.R isC0UNTL
0698 C020 0214 NEXT3 ilrrv islDELây. R0
069C 0b00 L[J0P6 Ir¡lC R0
08,9E 16FI JNI r_OûpF,

0640 05E0 0208
0644 1 005
06â6 0200 01BC ERR0F
06AA 06A0 0620
05AE 0460 04DE
0682 8820 020Ë NtxT4
c6Bb 000t
0688 r 50 1

0€;BA r 083
06BC 02t,0 0 I EB LP20
06c0 06A0 0436
06c4 c020 020Ê
06c8 0220 0E00
06cc cc20 020E
05D0 c420 020c
0604 A820 000E
0608 020Ê
06DÊ 05C8
06DC 0288 000c
06E0 I I 3C
0582 0200 01F4
06E5 06ê0 06AC
06EÊ 0380
06EC 00

t ttçT .ôRUNP Tiì
Ji'1F' LOOP4
e 
'[ 

R0 .l1SG 1 1 0
81. 0|'1SG0UTB 0sât',r01
C ONLIHSÊ|,I. rdl.{IDTH

J,-iT i P20
JMP LPIO
LT Rtl.MSGI I f
BL þIHSGLPZ
I"IOV @STEPTR. RO
tìI R0, >0800
H0V tcNUf.lSÉlH. *R0 +

i't0v ..SMRATt. +R0
A @OFFSET. @STEPTR

JltcT R8
cI R8, t2
JL. T LOOP I
LI R0,t"lscI12
EL OHSGOUT
iìTilP
Ei.JD PâRT2

NO. TTST Ê(:A]N
iJPDâTT COUNTER
HIGHER THâN LIHIT?

YE5, TEST I5 FINISHED
NO. CONTiNUE
RISET THRISTOLD COUNTIR
SET RUN POINTER
SET CHANNEL POJNTiR
9ET CHANNET- ADDRESS
GET ONE SAIIPLE
êDVANCE BUFFER POII'ITER
IJPDATE CHÊNI'¡EL POINTER
7 CHANI'IEL ?
IF NOT, CONTÏI'IUE
iNCREMENT I'IO OF SAI.lPLE5
BUFFER FULL?

YrS, G0T0 ERROR
SETUP TRIGGER CHÊNNEL

tOI,IER THÊN THRESHOTD

NO . (]ONT INLIE
YiS. UF,DATE COUNTiR
GRTATER THAN LII',IIT?

YES. RUN FINIgHED
NO . CONT INLIE
RESE] COUNTER
âDJUST TO SOt) HZ
DECREI1ENT COTINTER
CONT UNTiL COUNTER EXHÊLISTID

UPDfìTT RUN POINTER
CONT I NUE
OVERFLOF¡ I'IESSfICJE

STÊRI AGÊIN
UALID SAHPLE I,.IIDTH?

YES, CONTINUE
ELSE, REDO STEP
F JNISHET} IlESSAGE

6ET STEP POINTTR
5ET F,O]i'lTER FOR NtII1SAM
STORE NUI,ISÊI'1

UPDATE STEP OFFSET

UPDATE RUN NO.
LAST ONE?
IF NOT, CONTINUE

OUTPUT I1SG 1 I2
RETURN TO ]NVOKiNG PROG
END OF PART2
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iTFi iA
.iü204 LÊ
0214 LA
tj4c8 RP
I]5AC LP
0456 RP
002t LP

¡0394 DP
06:ib LP
0622 LP
Û382 LP
(l38C LP
018A rP
A1B2 L'r'
01F4 r-P
tl25F LP
03r 0 LP
0376 LP
It4A6 RP
01 00 LP
0bC2 rtP
0530 LP
U694 LP
021 0 LÊ

+3EE¡ Lâ
OI]OB LA

*000F LA
*0005 LÊ
rtÌ009 r-lì
0515 LP
0556 uP
O5E6 LP
00r0 Lt'
0ü62 Li'
047 4 '.P
O4D4 LP
000c LP

âDCDA T

COUNTC
DELAY
DTHO3
ERROR2
LTìBEL I
LABELS
LIST
LOOP3
LPlO
LS TLP 1

MOD6
rlsG 1 02
MSC;1 06
HSGI 12
MSG2O2
r,tsG206
HSG2 I O

MSG5t)
H3G64
HS,GLP2
NEXTO3
NEXT2
NUMCIIL
FART2
Rl1
R15
R5
R9
SAI'IPL I
SLOOP2
5100P6
STAR T

TABLE2
UNEXT 1

UPF iN2
i.¡ANTED

0 548
0'¿02
O4CE
0488
O5Fâ
0 4ÊE
0 038
048?.
0650
068C
O3EC
0398
0r94
039E
020t
0280
0328
0 3Dt
0 0s6
011E
06E8
0 586
0 698
020E
0000

* 0 tt0C
* 0lJ 02

00tt6
0406

* 0 4Dfì
0586
020c

+E7FC
0070
04t"()
0458
0008

âriNn 1

C¡UNTL
ÐTH
DTH|]T
IRROR3
L âBTL4
;-ABEL9
l_00P01
i 00P4
t_P20
: STI-P;]
ilODF I N
r.rsc 1 03
H9GI 1

ì.rsG I 20
t'4sG20.ì
t sG207
HSti 3 0
ÏSGF,O
MSG65
I"ISGOU T
NEXTO4
NFXT3
NUMSAH
¡'0
R12
ït2
R5
PNUH
SAl',IPLE
Í'i 00F 3
:;MRâTE
STATLIS
TâEt E3
LINEXT2
IJPLP I
,,lillTH

O5t]E RP
04c0 RP
045,2 RP
06Ê6 LP

+0002 LP
0012 LP
0004 LP
06IA LP
0658 LP
tl3CA LP
0408 LP
0444 RP
0l9E r-P
tl18c LP
Oz?F LP
0286 LP
0348 iP
(ì3E6 RP
0086 LP
0r50 LP
ETFB r-Éì
tl5D8 LP
0682 LP
f](]OE LP
000 I LÊ

+OfJl]D LA
0003 Lâ

*0007 LA
0208 LA
I7F4 Lâ
O59E LP
052û r P
O2t}â LÉì

0206 t_â
*0440 DP
0490 LP
tlOOL] LP

BUFFER
CR
t)Ti10l
ERROR
FIALF
L ABEL5
LIMiT I
LOOP 1

LOOP5
LS TFN 1

tST LP3
llsc r 0
MSG 1 04
t',tsc 1 1 0
ilsG20 tJ

I'rsG204
MSG2O8
t1sc31
MSG62
l'15G73
rluxfrilR
NEXTOS
NEXT4
OFFSET
R1
Rr3
n:i
R7
RUNPTR
S.E TUP
SLOOP4
Si.'IEXT I
S TEF,TR
THRTSH
IJPDATE
LIFLP2
YES

i_.P

Lâ
RP
RP
LP
RP
l_P
ID
ro
t.P
i.P
LF

tP
RP
tP
t.P
LP
RP
LT

LP
RP
LP,t)
LI

Lñ

r-A
r_â

LA
Lâ
RP
DP
LP
Lâ
Lfì
LP
LP
LF
L.P

"E7FA LA CONVER
O4DA RP DATAI{P
O4DO RP DTHO2
0564 LP ERROR1
OSDÊ RP INFUT
OIJ20 LP LAtsEL7
tJO06 LP L]HIT2
0632 LP 100P2
O69C LP LOOPÊ,
O43A LP LSTFN2
0422 LP LSI'LP4
0 1 fJo LP t"tsG 1 01
0 1 Éì8 LP rlSG I 05
OITB LP HSG111
024F '¿P HSC;201
O2EO LP HSG2OS
0358 LP r1SG209
0úr2 RP t',t5c40
OODS IF' MSG63
0 r 63 LP I'íSG82
056t r-P NEXT0I
O64C LP NEXT I

OÛOA LP NONE
O44C: RP OPEN
OOOA Lâ RIt)

*0u0E Llì R14
0004 r-Ê R4
0008 LA R8
O4DE LP SA|"IO I

*052C LP SLOOPl
t)SCi LP SLOOPS
(]604 LP SI.¡EXT2
0044 LP TABLE 1

0212 LA IRiCHL
O47C LP UPFiNI
O4BO LP UPLP3
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!rlqg 8qM Drsc i'LOT p$OGRât1 (v[R 08/04/82)
Ù110 REI,I PROGRAM BY I,IâYNE BRODLAND
ÜI2O REH INPUTS FILE NAI'IF.. U¡'TO 7 CIIN¡I¡¡EI- NUl',IBERS ð( lHEIR GÊINS,gi3q gEM ouTpuTS up T0 six srrps or-iuË rILÊ-Jr40 REtl oNE GRApH ptR cHÊNNEL. 0N oxE-suËËr 0F pÊpER.
015C DII'I N$(20),C( tC).Nfi(1ü I

ù160 Dil',t px( 100),xp7,(300 ), ypl(30t1)
qtZ0 DiH rz(zss),G( t0t,sr i0).DDz.(7.2ss)
01 80 D ll'l â2 (7 ,'")
Llr 90 PI= 3. 14159
J200 FOR I=0 T0 93
i210 READ P)((I)
O2ZO NTXT I
r1230 PRINT
0240 PRIti t'

Ù250 PRINT
0260 PRIt'|-
,1270 PRIt'tT
q?qq 8EH rNpuT pL0T r,âRÉìHErrrs FR0H KEyBCARDù290 iNPUT"FILE NAl',fE'"NS
03t0 cLOsE 1

it3l0 0PEN 1 .Ns.0,512,49
Ü320 INPUT''PLOT EVERY N"SK
033t FOR I=1 I0 7
it340 c(I)=I
035C 5(i)=i
I]3UO NEXT ]
037C NG'7
ù380 NC=7
ù330 NS=6
I]4{]O INPUT"DETAULTS ( U,/1 ),,. II}
Ù410 IF ID<10 THEN GOTO 440
0420 ID=tD-1 C

ql9p IryPqT"NS. 6 Slilg".NS.rii I ).s(2).5(:t),s(4).s(r).s(6)
11440 iF ID= I THEN G0T0 540'
Ü45Û IF ID=2 THEN GOIO Ê80
ù490 INpuT.S STEPS_ _::,q( 1 ).s(2).S(3).S( 4),S(5),S(6)ù470 rNpuT'7 CHANNELS',. cr I I . crã I . c rs I . õr q j . õr õ t ;ði5 t ,c] tqlqq lryBUT"z GArNs ".G( r ).erãl .er¡l.c (4).G(s),c(5);Giii
043C FOR I=1 I0 7
ÙSt]O IF S ( I ) =O THEN NTi=NS- 1

t]5I O IF C( i ) =O THEN NC=NC- 1

O52O IF G ( I ) =O THEN NG=NG- 1

Ü530 NEXT i
0540 FOR I=1 T0 i
J550 ÊZ(I.t)=C(I)
0560 AZ(I,2)=0
LÌ570 AZ(I,3)=[
O58O NEXI I
11590 IF ID= 0 THEN GOl U efl0
ù600 Gfi)=100ô
L'1510 G(2)=1006
0620 G(3)=100r)
ü630 G(4)=5
0640 G(5)=b
û650 G(6).=3
0660 G(7)=50
ù670 c0T0 800
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PAGE-j2 0F,44 r v[R 04l06/82 )

iJ680
0630
üi00
0710
i)720
0730
ù7 40
rl750
ù760
0770
ùiB0
ù7 90
ù80 0
081 0
LIB2O
ü830
084 0
tB50
0860
087 0
ü880
ù830
ù30 0
ù91 0
0320
rl93 0
ù34 0
ù95 0
0960
rl97 0
0980
ù99 0
1 000
1010
1020
1 030
l 040
1 050
1 060

NG=3
NC=,J
N5=6
Ê7.(1 ,1 ) =l
ã'l( 1 ,2) =2
Êz(1,3)=:;
Ã7(2,1¡=4
A7.Q,2J=5
AZ(3, 1 ) =$
íj(1)=1004
G(?) =4
G(3)=4
NT=Û
FRIN]
RTIl PRlNT 5UM11ÊRY OF Í?LJN iNFORI.IATIONPRINT'RUN NO OF POINTS'
PRINT
FOR RA=I TO 6
I'lF=(RÊ-1)xg+/
RDI-ILE 1 .I,IP.IZ
NR(RA)=IZ(O)
NT=NT+NR ( RA )

PR]NT RA.NR(RA}
IF NR(RA)>255 THEN NRri(A)=255
NEXT Râ
PRINT
PRiNT'TOTâL",NT
PRINT
PR II.J T
PRINT
t'|1=40t
r12=600
r.13=1500
H4= 1 000
N0= ( NT +60 ) /SK+ I
DX= ( 1 0000-Ml -l',12 )+ 0. irs,/Nt;
FOR CA= I TO NG
REM CALCULATE ô( PLOT AXES
I =55
GOSUB I 860
0F=M1 + ( I 0000-t1l -¡12 t /NC.*(Ctì- 0. S )
OV=OF
IF ÊBS ( G ( CA ) ) >958 Tl.lEl,t îF =0F+DX
xPz(0)=-(0v-DX)
YPZ(0)=H3
'/,PZ( 1l =0V+DX
YPZ(1)-t't3
xP?(2' =-0F
YP7(2)=10000-H4
xP7.(3)=0F
YFZ (3 ) =fl:l
xP'/.(4\ =0
YPT( 4t =- |
GOSUB 1670
NEXT CA
I=2 I
GOSUB I 860
REH READ AND PLOT IIÊTA

070
080
t30
100
110
120
r30
140
150
r50
170
180

I 190
r 200
r2t0
1220
r 230
1240
1250
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t)ãGE-03 DP44

i25û F0R I=I T0 255
1270 ûD7(ú,1¡=¡
I28O NEXT I
29t IA=0
300 YG= 5.5
31C FIJR KR=1 TCI N5
320 RA=S ( i(R )
330 REH READ DATA
340 FOR Cê=l T0 7
350 ilP= ( RA- I ) *g+cA- 1

360 RDFILT I .I'tP. IZ
370 FOR I=0 T0 255
380 DDZ(CA.I)=I7(L

I39O NEXT I
1100 NEXT rjA

(vER 04/06/82)

(câ- 0.5)
OF=OF +DX

)((:= íG r Câ ) -SGN( G( CA ) ) *1 0OfJ ) /NG

1410
1 420
I 430
1 440
r 450
I 460
147C
I 480
1 43C

FiEl'1 FL0T DÊTÊ¡
FOR CA- I TO NT.;

Qf =Nt * ( 1 0000-t',il -M2 ) /N(;;IF ABS(G(CA) )>998 THEN
XG=G(CA)/NG
iF ÊBS(G(CA) )>998 TIJTN
K=t
FOR T=N TO NR(RR)/Si<- 1

XX= O

1500 FoR J=l T0 3

! 9iq X{=XX+SGN ( AZ ( Cír. J ) ) +DDr: ( ÊBS ( ÊZ ( CA, J ) ), j+SK )1520 NEXT J
| 530 XPZ( I ) =0F -XXxXG
1,2!q YP7.( I ) =H3+ ( I+IÊ ) {yG-x.Sl<
i550 K=K+1
15Ë0 NtxT i
570 xP?(0)=-xPZ(0)
580 XP7(K)=C
530 YPZ il< ) =- l

5C0 GúSUB 167t
610 NEXT CÊ
620 IÉì= IA+ ( NR ( RÊ )
630 NEXT KR
640 I=21
65C G05UB 1860
660 G0T0 290

I 670
1 6t0 [!! nnnnv PLoT RorrTrNE

163tl X=ABS(XPZ(T) )
t700 Y=YPz(T)
lzlq If YPT(T )<0 THËN c0Tc r8s0r720 xA=INT(X/r00) - -

! Z9g IB= INT ( X- I 00xiN t'( X/ I 00 I )
I 740 YA=INT ( Y/t 00 )
1750 YB=INT( y-t 00xINT( y/t tt0 ) )

lzqg tI(31 ) =&4000+XÊ+5*JNiiXnzlor
i7_19 ?x(32 ) =XB+6*rNT(iB7t 0 t""'' -'
lZqg fx(33) =YA+6*trurrVÃzi o i
lZ9q qX(s4 ) =yB+6*rNT( yBlt 0 )
1 800 I=31
1_810 iF xP't(I)<0 THEN I=:t0'r820 GûsuB t86C
1830 T=T+l

+40) /s,K
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I.'AGE-04 DP44 (vÍ:R 04l06/92 )

1840 G0T0 1690
1 850 RETUÑN
1860 REI'l PL0T 0UTPLIT R0tlT Iivt
I87O IF PX(T)=&FFFF THEN GOTO 1320
1880 IF LOC(eE7EE)<ô(FF80 THEN G0T0 1880
1890 LOC(&E7EE)=PX(I)
1300 I=I+1
'| 9l 0 G0T0 I 870

1 920 RETURN
I 330 REH AXES
1940 DATA eÉi000,&4010.e0000.40000.e0000
1950 DATÊ &7000,ð(4010.&0000,¿,0099.e0099
t960 DâTA e6000,&4099,e0093.&0050,.10000
1970 DÊTA &7000 , r,401 0 . ó(0000 . e0050 . e0000
13EO DÊTÊ åFFFF
I99O REI.I RESET
20c0 DÊTÊ å600ú
2010 DÊTA e4099,&0099.ó,0093.e.0093
202O DATA åFFFF
2O3O REIl CONTINLJOLIS LINE
2040 DATA &0000,&00û0.ôr0000.å6000
?050 DATA &0000,&0000,&0000,&0000
2060 DÊTA å700t
207O DA-IA EFFFF
2O8O REI,I DOT âNI' SOUARE
2090 DÊTê &6000
2l 00 DÊTÊ e4000, e003ù, &0000 , .10630
2110 DATA e70C0
2120 DATA e4000.e005{1.&00t1f.t.,10/{00
2'130 DATA e4000, &0000 , &0000 . e0560
2140 DÊTA e4000,&0060,&0000,&0500
2150 DATA &4000,&0000,&0000,&0460
218,0 DÊTA å6OOC
2I70 DATA &FFFF
2180 REI',I I,IULTIPLE AXTS
2190 DATA &6000,å401U.ó(000t1.&0083.ð(0000
2200 DêTA e6000,ð(4000,å0000.e0015.&0400
2210 DATA e7000,&4000,&0t|00.,T0030.e0500
2220 DâTA &6000, &4089, ôr0099. eû015.,,(0400
2230 DATA ¿'7000,&4089,ð(0099,,10000.e0600
2240 DA'rÃ å6C00,ôFFFF
2250 REM SKIP TO NEXT ÊXFS
2260 DATA e6000, &4000, &0t100 . ó0033. ¿,0500
2270 DATA EFFFF
2280 END
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IIflGE-01 EDIT3 (viï 04/06/82t

i}1tJO RE¡'1 DTSC STÉìNDêRDi7âTiOru 6¡¡ TDITINTJ PROGRÊI'{
O 1 1 t) REI"I BY I.¡AYNE BRODLANI)
rJ120 REH ÊLt0lls CHrìNNtt. i;t{Ai'PING.DC 0FtSET.
UI3O RËI',I DATA RECONSTRUCTION & APPENDiNG STEP INFORI{ÊTION
ul40 Dltl TE(8).C(8).5I(6.5)
r-rl5û Dïtt TV(I0)
ü150 DIM N$(20 ),DD',r(s.255 ),T1(255\
u170 Dlt'l M$(20)
018ú DIt-l G(10)
Lll90 NS=6
OZOC CLÚST 1

iI2I O INPUT'REÉìD FILE NRI'4T " . NS
0220 OPEN 1,NS,0,512,18
0230 cL0sE 2
Ù240 INPUT"i.IRITE FILE NAI-1i '' . H5
ü250 oPEN 2. i't$.0 ,512,49
ù260 INPUT'Nil.¡ CHANNEL ORDER ( 7 ). .C( 1 ) . C(2),C(:t) . C(4),C(5) .C(6) .C( 7 )
rJ270 INPTJT'CHANNEL tlULT FACTORS".c( I ),(:ì( 2) ,G(3).1ì(4).CrS j,CiS j.i;iZl
Ù280 PRINT''INPUT STEP INFORi'tÊTION FOR '.;NSI', STEPS"
0250 FtrR RÊ=1 T0 NE
ù:ì00 TNPUT SI (RÊ. I ) . 5I ( ñ'fì.2 ) . SI (Rê,3 ),SI (RA. 4 ) . 5I ( Râ. 3 )
O31O NEXT RA
U32O REI1 LOOP TO DO EACH SIi.F
O33O FÛR RÉì=1 IO N5
IL34O REH TNPUT STEP OATê
ù350 FOR CA=t T0 I
ù360 MP= ( RA- I ) *8+CA- I
037O RDFILE 1.I'IP,Iii
.)380 FOR 1=0 T0 255
û390 DD7.(CA,I ) =I7(It
O4OO NEXT I
I-}41 O NEXT CA
Ù420 REIl SI,IAP CHANNELS
0430 FOR I=0 T0 255
ù440 FoR J= I T0 7
11450 TE(C(J) )=DDZ(J, i )

0460 NEXI J
r1470 F0R J= I I0 7
ù480 DD7.(J.I)=Tt(J)
O49O NEXT J
Ù50Ü NEXT I
ilsl t| REI1 SET D. C. OT i 9ET Of F iRST 6 CHANNILS
052ú NR=DDZ(8,0)
ù530 S=3
ù540 FoR J=l l0 ;
t550 DC=0
ù560 FOR I=NR-S T0 I'lR- I

')570 DC=DC+0D7. ( J. I )

O58I] NEXT I
ù590 DC=DC/S+ 0.5
Ù600 IF J=4 THEN DC=TJ
ù610 FoR I=0 T0 255
ü620 DDZ(J, I ) =DDZ(J, I )-DC
0630 NEXT I
U640 DDZ(8,J+2)=DC
0650 NEXT J
Ù660 REII RECONSTRUI:T IlISS ING DATA
ù670 P1 =DDZ( 1,0 )+D07.(2.0 )+p¡7¡3. g¡
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tI580 V=20
i1690 P2=DD'l(1,V)+DDZ(2.V)+Dü7r -r,V)
0700 11-INT (V*P1 / (P2-F'l )+ [t, :,)
071 O PRINT
Ù720 PRINT
O73O PRINT'.STEP .,:RÉI

Ü740 PRINT.DATA POINTS RTCO¡ISTRI.ICTTD:,' ;Ì.I
0750 FOR J=1 TO 7

Ui6O FOR Ï=255_H TO fJ STFP- I
t770 DDT(J, I+ll)=DDZ( J, I )

OTBO NEXT I
t.I79O NEXT J
Ù8OO REI,I FILL IN FIRST fr CHANNEL5
ù8r0 FOR J=1 T0 6,ù820 IF J=4 THEN GOTO 8E T

0830 FúR I=0 T0 t"1-1
t1840 DD7.( J,I ) =DDZ( J,l',1) +I/l'1
O85O NEXT I
L)850 NEXT J
t1870 DDZ ( 8,2 ) =NR
ù880 DDZ(8,û)=NR+l',t
Û890 REI.I ADJUST GAINS
ü900 FOR I=1 T0 7
ù910 FoR J=0 T0 255
t1920 DDZ( I,J)=DDZ( I.J)+G( I )

O93O NEXT J
Ü940 NEXT I
Ù950 REH TRANSFER SIEP INFORf{ATIi}N
096C P=1 1

J970 FoR J= I T0 5
ù980 DD7.(B,P+J-l )=SI (RA. J)
O99O NEXT J
I OOO REI1 CALCULATE HEËL STI-t]l..[S
10r0 xL=c
1 020 xx=0
1 030 TP= 1

104ù FIJR I= r T0 5
1050 Tv(I)=0
1 O6O NEXT i
1070 TV(1)=1
r 080 sc=0
1090 FF=DD'I(8,2) -1
I 100 SD=-DD7(7 ,FF ) -DDZ (7 ,FF - i ) +DDZ (7 ,FF-'2)+DD'/( 7,FF-3 )

1110 FF=FF-1
I 12Ù IF SD< 1O THEN GOTO 1 II]U

I)AGE -02 ED I T3 (\)F_P. t)4/06/f12\

130 FOR I=1 IO FF
140 TT=0D7.( 1 . J)+DDZ(2. J)+DD7(3. I)
150 IF TT<60O THEN GOTO I25O
160 XX= ( A*DDX,(2, I ) +8*DD't(3.1 ) \ /f T
r i0 K=I
180 IF ABS(XX-XL)< O.05 THLN rJOTO I23O
190 iF SC<S THEN G0T0 1250
20c sc=0
21 0 TP=TP+ I

22C M TP)=i-1
230 SC=SC+1
240 G0T0 126C
250 SC=0
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I'AGE-03 EOIT3 (v¿tr 04/06/8?.)

I 260 XL=XX
1270 NEXÏ 1

I 280 TP=TP+ I

1 29O TV( TP) =FF
r300 FOR I=l T0 5
l3l0 DD7.(8.20+l )=TV( 1 )

I 320 NEXT Ï
I 33O PRINT"FOOT PÊTTLRN'" S] ( iA. 1 ) . 5I (RA. 2),SI (RA. 3 ),SI ( RÊ, 4 ) .S] (Rê,5)
I34O PRINT'HEEL STRIKES '"TV( I ).TV(2),TV(3),TV(4)
I 350 PRINT"DIFFERENCES ". TV(2)-TV( 1 ) . TV(3)-TV(2) . TV(4)-TV(3)
36C IF RA<>5 THEN fiOI0 't3tl
370 INPUT"RL RATIO".RL
38C DD7. ( 8,1 6 ) =1 000*RL
390 REI1 STORE BÊCK TO NISC
400 FOR cÊ=t T0 I
410 F0R I=0 Tú 255
420 I't(I)=DilZ(CA.I)
430 NEXT ]
440 l'lP= ( RA- I ) *É+CA- I

1450 t¡RFILE 2,nP,IX,
146C NEXT CÉì

I47O NEXT RA
I 480 END
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I'AGE-{] I CONT ( VEx 07 /06/82\

II I OO REH IIECONSÏRUC I iON PRO(;RAI,I { VER O3/05/82 )

ÙIIO RIH PROGRíìM BY I,IAYNE BRCDLAND
Ù120 REM CONSTRUCTS IIULTIPLT STEPS FROÌ,I SINGLE STTPS
LI13O RËM CâLCULATES I1OTTON OF X CENTER OF FORCE
014t DIH N$(20),C( 1t,),NR(10)
r1150 DIt'f PX(60) .XPZ( 270\,Yf'r.(270\
ù160 Dlt',t 17(255 ),G( t0).S( 10)
ù170 DIH DD7.(8,255),P( 10)
0180 DIH V7.(5,270),H( 10)
u190 DIl"l R$(20),L$(2û),CS(20).B( 10).0(10)
020t PI- 3.1 41 59
ü210 FOR I=0 T0 g0
O22O REÊD PX ( I )

i1230 NEXT i
Ù240 PR]NT
i-ì250 PRINT
Ù260 REI"I INI'UT PLOT PARÉìI1TTTFS FROI1 KEYBOARD
0270 sK=1
i1280 INF'Ui"0PTI0N( 2,/3 ) ". NN
Û290 ÏNPUT"PLOT BASE û RANGE'"BP.RF'
ù300 PRINT"FILE NA|4E, STEP. BASE a GêIN FOR:"
ù310 INPUT'TYPE I ".R$,S(1),8(1),t1(1)
Ü320 INPUT"TYPE 2 ",LS,S(2),8(2),H(2)
ù330 INPUT'C0HBINATI0N"CS,S(3) .B(3),H(3)
Ù340 IF L$=''X''THEN L$=R$
i1350 IF C$= " X " THEN C$=19
tJ36O REI1 INPUT STEP CONSTRUCTION PâRÊHETERS
I]370 INPUT''SUI1 OFFSET"O(5)
c380 FOR J= 1 T0 3
Ù3SO iNPUT"TYPI, OFFSET E X i.OCATION",T(J).0(J),F'(J)
O4OO NEXT J
Ü4IO REI,I INPUT DATâ FROII DISC
042C FOR J=1 T0 3
I]430 IF J= I THIN N$=R$
11440 IF J=2 THEN Ns=L$
t]45O IF J=3 THEN N$=C$
046t CLCTSE 1

0470 oPEN I,NS.0.512,49
I]4BO FOR CH= I TO 3
ù490 l''lP= (S(J) - I )*$+ç¡1-1
Ü5OO RDFILE 1 .I.IP, TZ
ü5r0 FoR I=0 T0 255
0520 IF CH> 1.5 THEN DDZ(3*J-3+CH-l,I)=I7.(I)
ù530 DDZ(3*J-3, I)=DD7(3xJ-3. I)+I7.(I)
O54O NEXT I
Ü550 NEXT CH
0s60 MP=(g(J)- I )*8+8-1
Ù570 RDFILT 1 . MP. IZ
0580 NR(J)=IZ(0)
ù530 IF NR ( J ) >255 THEN NR (.t ) =255
OSOO NEXT J
rJ610 ßEll Tït1E_Ê GAIN SCA| F.. âN[, TRâNSFER T0 V7.
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t)AGE-02 C0N7 (vER 07 /06/82)

LÌ680 V7.(J-1 . I)=V7.(J- | .I).*AES(H(J) )

0690 NEXT 1

I]7OO NEXT J
0710 G( 1 )=l 0t14.çQ)=l 004:G(.i)-1 004
11720 NG=3:NC=7:NS=l
O73O RETI CALCULÊIE CÚHPOSITE STEF
ù740 FOR J=t T0 3
Ü750 IF T(J)=O THEN GOTO 8Ot]
t1760 FOR I=0 T0 BP /E( J ) *NR ( I ( .)t ) +?

'J770 TF I+O(J)>RP THEN GOTO 790
0780 vz( 3, I+0( J ) ) =v7.(3, I+0 ( J ) ) +VZ( T ( J ) - 1 . I ) *SGN( H( Ï ( J ) ) )

O75O NEXÏ 1

Ù8OO NEXT J
ù810 REll CALCULATE CENTËR 0F F0RCË
ù820 FOR I=0 t0 RP
0830 K=ItB(3)/BP
ù840 I1=INT(K)
0850 R=K-I1
t1860 V7.(4'I)=0
ù870 X1 =DD?(7. I 1 +1','*A+DDI(8. I I +1 )*Él
Ü880 X2=DD'l(7'Il )*r¡+9¡718. I1 )+8
û890 X3=DDZ(6,I1+1 )+R+DDZ(5,I1 )*( 1-R)
û900 IF X3<500 THEN G0T0 920
ù310 VZ(4, I )=( ( I -R)}X2+RxXl )x250/X3
092C ÊA=0
ü930 V7(5,I)=0
0540 FOR Z=1 l0 3
ùS50 IF I-0(Z)<0 THEN G0T0:190
Ü360 IF T(Z)=O THEN GOTO 990
11970 v7.(5, I)=V7.(5, I)+V7.(T(Z)- 1 . I-0(Z) )xF',(Z)
ù980 AA=AA+VT(I(7)-1, I-0(Z) )

O39O NEXT Z
r000 IF AÊ<=500 ïHEN VZ(5. i)=0
1010 IF AA>500 THEN V7.(5,I)= 250.*V7(5.I)/ÊÊ.IC2O NEXT I
I O3O REH PLOT AXES
1 t40 I'11 =4C0 :l'12=50C
t 050 l,l3= 1500: r"l4= 1 000
1060 DX=( 10000-l'11 -112) * 0.45lNG
IOTO FOR CA=l TO NN
1 08C I=59
1090 GosuB 1870
I 100 0F=l'11+( 10000-l'{1 -n2) /3'x(Câ- 0.5)
1110 0V=0F
I 120 IF ÊBS ( G ( CA ) ) >998 THEN r)F=0F+llX
r 130 xP7.(0)=-(0v-DX)
1140 YP'i.(C)=r13
I 150 XP7.( 1 ) =0V+DX
1 160 YP7. ( 'r ) =r.13
r r 70 xPz(2 ) =-0F
r 180 YP7.(2)=t0000-H4
1190 xP7.(3)=0F
1200 YP't ( -J ) =113
i2l0 xP7.(4)=0
1220 YP?.(4r=-1
1230 G0SUB r680
124G NEXT Cfì
I 250 I=21
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PÊGE-03 CCNT tvLR, 07 /0t /82)

1260 GOsuB 1870
12iO REI"I PLOT DÊIÊ
1280 T(4)=0
1290 0(6)=0 :C (7 ) =030(8) =0
1300 YG=10
1310 FOR Câ=l T0 2+2xNN
1320 CB=INT(CAl2+ 0.5)
1330 IF CA>2 THEN CB=CB_I
1340 0F_t-,t1 + ( 10000_t,t1 _ì12) /3+ ( CB_ 0.5 )
I35O IF ABS(G(CB) )>998 THEN OF=OF+DX
I36O XG=G(CB)/NG
1370 iF âBS(G(CR) )>998 THEt't Xc=(G(CB)-S(;N(G(CB) )+1000)/Nc
t380 IF CA>4 'tHEN G0T0 1400
I 390 IF T ( CA ) =O THEN GOTO 1 640
140t, K=C
r410 IA=0(CA)
142L Z=C
430 FOR I=(l TO RP-IA
44C 'I.F CÊ>4 THEN GTIO 15OI)
450 IF VZ(T(CÊ)-1,I)<>0 IHEiJ G0T0 l48fJ
160 Z=Z+1
470 G0T0 1590
480 XPZ( I-Z) =0F-V7.(I (CA) -'t . J )*XG
490 G0T0 1 540
500 IF V7. ( Cê-3. I ) < )0 THFN G0T0 1 5:J0

1510 Z=21 1

r520 G0T0 r590
1 530 XP7.( I-7) =0F-V7( CÊ-:t. 1 r+XG
I54O IF INT(CAl2)*2<>CA THEN GOTO 1570
r550 IF i-Z=0 THEN G0T0 1570
1560 IF INT ( ( I-Z) /2)xz=I-Z THEN XpZ( I-Z ) = -XpZ(I-Z)
1570 YP't( I-Z)=H3+( I+Iâ)xYGxSK
1580 K=K+1
1 590 NEXT I
160t xP7.(0)=-XP7.(0)
r6l0 xP7.(K)=0
1620 YPL(K)=-1
1630 G0SUB 1680
164C NEXT CÉì
I 650 I=21
1660 GOsuB t870
r 670 sToP
680 REH ARRâY PLOT ROIITINT-
650 T=0
7OO X=ABS(XPZ(T) )

710 Y=YP7.(T)
720 IF YPZ(T)<O THEN GOTO iS60
730 XA=INT ( X/l 00 )
740 )18=INT(X-100*INt (X/100) )

750 YÊ=INT(Y/100)
i60 YB=INT(Y-100*INl (Y/t 00 ) )

770 PY,( 3l ) =&4000+)(fl+g*llrll ( XAll 0 )
780 PX(32 ) =XB+6+INT(XB,/t 0 ) re

&
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PAGE-04 CONT (vEii 07 /06/82\

T=I+1
GúT0 1 700
RE TURN
REI',I PLOT OUTPUT ROtITii,¡I
IF PX ( I ) =EFFFF THEN GOTO 1 930
IF LOC(åE7EE)<EFF8O THEN GOTO 1890
LOC(&E7EE)=PX(I)
I=I+1
G0T0 1 88C
RETURN
RET1 ÊXES
DATA å6000. &401 0 , úl-Ì000 , Â0000 . e0000
DATA e7000,&401 0.&0000,å009s.&0099
DfìTA e6000 , &4099. åÛ09S.,10050 , &0000
DATA &7000 

' 
&401 0 

' 
&0000. ðr0090 

'.10000DÊ'TÊ EFFFF
REM RESET
DÊTA å600T
DATA ô,4099.,10099..r0039. å0099
DÊTê åFFFF
REH CONTINUOUS LINF
DATA e0000, &000û, &oooc .,15000
DATA &0000,&0000,&0000.&0000
DATA ä7OOT
DATA &FFFF
RElt,I DOT AND SOLIiìRE
DÊTA &6OOÛ
DATA ð(4000 , &0030 . &0fl0ir . '10630
DATA å7OCO
DÊTA &4000 , ¿t006n, &0000 . etl400
DÊTA &4000,&000ü.û000Ù,e0560
DATÊ ð(4000'&0060, &0000' <I0500
DATA å4000 , &0000 , &0000 .,10450
DÊTâ å60OC
DATÊ EFFFF
END

840
850
860
870
880
890
900
910
920

I 930
1 940
1 350
1 960
r 970
1 980
1 990
2000
2010
'2020
20'r0
204 0
2050
2060
207 0
2080
2090
21 00
r-1 10
2120
2130
21 40
21 50
2160
217 0
2180
2190


