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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
built to allow interfacing of the computer to a 16 channel 12 bit sample
and hold analogue to digital converter, a digital plotter, and other
peripherals. Two floppy disc drives and a printing video terminal are
also used.

An algorithm which determines the instant of heel strike from the
vertical force records has been developed and is presented. The algor-
ithm is then used to reconstruct the vertical time varying force of
Vparticu]ar foot strike patterns (eg. a left foot and right foot striking
the plate) by combining the vertical force records of other foot strike
patterns (eg. a left foot only striking the force plate, and a right
foot only striking the force plate). An extension of this force recon-
struction technique allows the center of pressure during double stance to
be reconstructed. It also allows the weight transfer during double
support to be analyzed. Both reconstruction techniques are especially
useful when force plates large enough for multiple successive foot
strikes are not available.

The heel strike algorithm proved extremely accurate {(within 4 msec)
when compared with simultaneous data taken from shoes equipped with heel
contact switches. The reconstruction procedures produced records of
vertical force and center of pressure which compafed very well (typically

within 3% and 5% respectively) with measured records of the same types.
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CHAPTER 1

Introduction

1.1 Gait Studies in Perspective

Locomotion in the form of walking or running is one of the most
fundamental of human activities. Studies of the basic mechanism of human
gait were recorded as early as the 17th century [1]. Investigations had
to be made on the basis of what could be observed directly. Inadequate
instrumentation 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 [2-7]. These were usually
crude devices which presented only an approximate measure of gait para-
meters. Analysis of the results was a very long and tedious process.
The advent of cinematography made the first accurate displacement
measurements possible in 1934 [8]. Electronic instrumentation to measure
forces allowed the first accurate force records to be taken in 1952 [9].
Systematic studies became possible at this time, and resulted in such
classic descriptions of gait such as that of Murray [10] (1967). The
advent of computers to do the calculations and digital data acquisition
systems to automatically record measurements has made systematic analysis
far easier and has made more complex analyses possible.

Modern gait studies have demonstrated the value of force and dis-
placement records in evaluating normal and abnormal gait [10-16]. Since

automatic displacement measuring equipment is considerably more expensive
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than similar force measuring equipment, much current research has been
devoted to force record studies. There are strong indications that force
records contain sufficient information to adequately assess the subjects
posture, general stability [11], and gait [12]; and that displacement
records may not be necessary for most clinical evaluations [13]. Con-
sequently, force plates will probably become a standard piece of equip-

ment in hospitals and rehabilitation centers.

1.2 Problem Statement

While a good triangular force plate was available for the project, a
satisfactory method for analyzing data collected using the plate was not.
Data had been conditioned by analogue means and stored on magnetic tape.
Data analysis was therefore slow and tedious. A digital data acquisi-
tion, storage and processing system is necessary to enable the more com-
plex analyses which are proving useful to be done, and to make the system
clinically practical.

Films of the subject's gait were necessary to time the force records
with the patient's gait cycle. Analysis of the films is also very time
consuning. If an algorithm can be developed to determine a particular
instant (eg. heel strike) in the gait cycle from the force records and
perhaps walkway contact sensors, filming will not be necesary for routine
patient studies.

Most hospitals and rehabilitation centers only have access to the
small fofce plates which are commercially available, and which are large
enough to measure the forces of a single foot only. Consequently they do

not allow studies of double support. Methods to reconstruct the vertical
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force which would be produced from multiple foot falls, and which would
allow the motion of the center of pressure to be reconstructed from
single foot force records would allow studies of double support. Current
research [14,15,17,18] has shown the value of such studies in assessing
both normal and abnormal gait. A clinical system to perform these
functions is not presently available but would be a great aid in clinical
assessment of a patient's gait during such 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 gait force data. The data acquisition system must produce
minimal interchannel time skew.

(2) To develop an algorithm which will determine the instants of
heel strikes from the plate reaction forces and from foot contact with
force sensitive areas of the walkway.

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

2.1 Introductionb

The purpose of this chapter is to review the main literature which
deals with gait force measurement and with the clinical usefulness of
gait force and center of pressure records. The extent of the literature
and the number of recent articles indicate much current interest in these

subjects.

2.2 Force Measurement

The first reported attempts to measure foot reaction forces were
made by the French researchers Carlet [2] and Marey [3] in 1872. They
used a pneumatic 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 developed by German research-
ers. In 1882, Beely [4] had his subjects walk across a sack of plaster
of paris. This produced a permanent footprint which actually provided
more information about the foot shape than the foot reaction 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 produced by the subjeq;'s
traverse of the sheet were taken as proportional to the local maximum
load. In 1926, Basler [6] developed a 10 string harp on which the siub-
ject 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 [8] filmed the deflections of a corrugated
rubber mat from the underside of the glass plate on which it rested as a
subject traversed the mat. The mat deflections were taken to represent
the applied Toad. 1In 1954, Barnett [19] filmed the deflection of verti-
cal perspex rods into a rubber support as the subject walked across the
top of the rods.

The first force plates capable of measuring all three floor reaction
components were reported by Amar [7] in 1916 and by El1ftman [20] in 1938.
While El1ftman's rectangular plate measured all three reaction components
and was the most accurate device available at the time, its large
deflections, together with the inertia and friction of the linkages pro-
duced large errors in the measured forces. Also, no permanent force
record was produced.

Modern foot reaction force measurements are carried out using either
force plates or instrumented shoes. Force plates are generally easier to
use as the subject need not be encumbered with special footwear, instru-
mentation and an umbilical cord. He can walk comfortably in his own
shoes. Force plates are also generally less expensive and easier to use
as one plate will fit all subjects. Also, the instrumentation need not
be miniaturized so that it will fit inside a shoe. These advantages are
largely responsible for the current popularity of force plates. Modern
force plates are normally interfaced to analogue or digital data acquisi-
tion systems which among other things, produce a permanent force-time
record. Some plates such as the triangular plate of Yamashita and Katoh

[15] measure only vertical forces. Others, such as the rectangular
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plates developed by Cunningham and Brown [9] and Grundy et al. [14], and
the triangular force plate developed by Balakrishnan and Thornton-Trump
[21] allow vertical and horizontal forces to be measured. These plates
act as rigid bodies and only allow the total foot force and center of
pressure to be measured. Grundy et al. [14] have developed a plate which
incorporates a glass window covered with a thin o0i1 film. The glass
plate and oil film allow the instantaneous foot contact areas to be
filmed from beneath. The contact areas are then correlated with the
measured forces to provide a more complete picture of the subject's gait.
In 1976, Scranton and McMaster [22] made use of a liquid crystal whose
colour is pressure dependent. The liquid crystal material is incorpor-
ated into a sheet which is spread on a supporting plexiglass sheet. The
sheet is filmed from beneath as the subject walks on it. The 1liquid
crystal sheet colour is then decoded to determine instantaneous contact
pressures.

The primary advantages of force measuring footware over force plates
are that the former do not necessarily require the subject to step on a
certain part of the floor or walkway and that the number of sequential
steps measured is not Timited to a few at most by the force plate size. A
great variety of footware has been developed. Shoes developed by Spolek
[23] have strain gauge load cells in the heel and sole to measure all
contact forces and moments exerted at these two areas. A more detailed
description of foot reactions is available through shoes having a matrix
of piezoelectric transducers incorporated into them such as developed by
Hennig [24]. These however, only measure vertical force, and require

very expensive instrumentation.
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Studies abound on the use of force records produced using instru-
mented shoes [23,24], and especially those produced using force plates
[14-18,21,22,25,26]. These works have corporately demonstrated the value
of force records in gait study, and in evaluation of prosthetic devices
and therapy. Many of these studies are not detailed here as they provide

only a general basis for this work.

2.3 Center of Pressure

Several studies 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 al. [14]. Center of pressure is used by these researchers to
describe normal and abnormal gait. Murray et al. [11] also used the
center of pressure to evaluate postural stability and steadiness. Grundy
et al. [14] have found center of pressure useful in studying weight
transfer during normal and abnormal gait. They are also using it to
study barefoot walking 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 jumping. It
has been suggested by Cavanagh [27], that special 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 identify the instant of heel strike. Nor is
there any indication that others have reconstructed the force record of

particular foot fall patterns from force records of other foot fall
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patterns. For example, reconstruction of the force records produced by
successive left and right foot strikes on a force plate from a left foot
force record (ie. where only the left foot struck the plate) and a right

foot force record.




CHAPTER 3

Data Acquisition System

3.1 Introduction

Analogue data acquisition and processing 1is expensive. In this
study at least four channels of information must be recorded and seven
channels are preferred. Further processing to determine the centre of
pressure requires considerable expensive analogue hardware. The alterna-
tive is to develop a digital data acquisition and processing system.

The first objective of this project was thus to develop a system to
measure, store, and process gait floor reaction 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 which provide sca]éd
voltage signals proportional to these forces; and digital components
which sample, store and process these signals. The author built or
assembled all of the equipment 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 m x 2.44 m triangular force plate shown in Figure 3.2 was
instrumented to measure the six corner reactions shown. These reactions
provided sufficient information to calculate all three force components
Fx, Fy and Fz and all three moment components, Mx, My and Mz exerted on

the plate by the patient. The details of the plate and its transducers
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are given by Balakrishnan [13].

To allow the subject to traverse the force plate with his normal
steady state gait pattern, 1.22 m wide by 5.64 m long approaches were
provided leading up to and away from the force plate. To provide addi-
tional heel strike information, the section of each approach immediately
adjacent to the force plate was made force sensitive. This was done by
hinging these sections as shown in Figure 3.2. Springs were provided to
raise the force plate edge slightly above its rigid support. When the
subject exerted a moment of more than approximately 6 Nm about the hinge
axis (a force of about 20 N at the center of the hinged section) the
springs were compressed sufficiently to open a microswitch and thereafter
make the hinged section rest on its rigid support. This deflection was

very small and did not interfere with the gait of the subject.

3.3 Analogue Equipment

3.3.1 Strain Bridge Amplifiers

Since the force plate is mounted on steel transducer elements, the
strain of these elements will be Tlinearly proportional to the plate
reaction forces. The transducer strains are converted in turn to vol-
tages, all of which have linear dependence on the strains, by six strain
bridge amplifiers; one for each transducer. The three transducers to
measure the vertical reactions Vi, V2 and V3 were wired as full
bridge systems having two active and two temperature compensating gauges
mounted on the transducer.

The three horizontal transducers which measure the medio-lateral
reactions M, Mz and the anterior-posterior reaction A; were full

bridge systems having two active gauges mounted on the transducer and two



11
compensating gauges mounted in the amplifier 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 +1/2%. Unfortunately, the use of 741 type
op-amps on the input causes a slight amount of drift and very low fre-
quency noise. Since neither of these factors affected the amplifier gain
or linearity, it was possible to overcome these problems digitally as

outlined in Section 5.3.

3.3.2 Switch Conditioning

Section 3.2 describes how an area of each approach immediately adja-
cent to the force plate is equipped with a microswitch which opens when
more than approximately 20 N is exerted at its center. Since the data
acquisition program is designed to sample a maximum of seven channels,
and there are six independent force plate signals, only one channel is
left to record switch positions. The circuit shown in Figure 3.3 pro-
duces four distinct voltages 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 ki1l switch shown in Figure 3.3 is used to ground the

trigger channel input and prevent normal triggering.

3.3.3 Conditioning Amplifiers
The data acquisition system is designed to be as versatile as
practical. It can be configured as shown in Figure 3.1 for real time

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

The conditioning amplifiers are designed to condition signals so
that they are suitable for conversion to digital form at the analogue to
digital conversion (A to D) unit. 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 wity gain inverter, as shown in
Figure 3.4. Switches S3 to S6 allow the filter and inverter stages to be
independently switched in and out of the circuit. Further, if switches
S5 and S6 are both open, the BNC connector which is usually used to moni-
tor the output can be used to input signals to the A to D converter
through the ribbon cable. This feature has proved useful for input of
such signals as that from a pair of instrumented shoes used to check the
heel strike algorithm (See Section 6.3). The printed circuit board was
designed as shown in Figure 3.5 so that all components could be mounted
in DIP sockets to allow components to be changed easily. This feature
proved to be useful on several occasions during circuit development and
caused no circuit reliability problems.

The first stage of each amplifier channel is a variable gain non-
inverting amplifier. This configuration allows a high (1 Megohm) input
impedance. Switch S1 is provided to isolate the coarse and fine DC off-
set circuit R7 to R10 thereby allowing the offset null R5 to be set. The
coarse DC offset R8 is provided to eliminate 1arge‘offsets on incoming
signals and/or to offset the output by as much as several volts if
necessary. The fine DC offset R10 is operated from the front panel and
is used to compensate for strain bridge amplifier drift and for fine DC

offset adjustment in general. The gain potentiometer R6, also operated
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from the front panel, sets the stage gain to 1 + R6/(R1 + R2). With the
resistors shown, gains from unity 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 values are determined from the chosen

cut-off frequency F. by

R1l1 = R12 =R
R14 = 2 R
€2 = 0.707
F28 Fo R

Cl =2¢c2 [28]
The values shown in Figure 3.4 are chosen to make the cut-off frequency
approximately 110 Hz, and to give a roll-off of 40dB/decade above this
frequency. The design proved very effective. The general configuration
allows two different cut-off frequencies to be used if necessary for
other applications.

The final stage of the system shown in Figure 3.4 is an inverting
amplifier, whose gain given by G = R16/R15, has been set to wity. A DC
offset circuit with isolation switch S2 has been provided for but not
installed as it was not needed for the present work. This stage is use-
ful for inverting reversed polarity tape recorded signals.

The amplifier was used in most of its possible configurations with
gains of 4, 20 and 30. It maintained output drifts of less than + 5 mV
and gain variations of less than +.05% from day to day when it was

properly warmed up, and hence, only required occasional recalibration.
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3.4 Digital Equipment

3.4.1 Introduction

The digital system is designed 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 time it was acquired. This turned out to be an unfortunate
choice, made before the author became involved in the project. The two
main problems with the system are its very poor reliability which is a
consequence of its marginal hardware design and its 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 flexible data acquisition system has
been built.

The computer bus is non-standard, several years obsolete and already
overloaded. Hence, an eight slot bus expansion with power supply in
accordance with the new TI bus structure was fabricated. This allows any
of the several boards designed for this bus to be used. Since the fanout
of certain bus driving integrated circuits in the main computer is
already excessive, a high impedence bi-directional interface is used to
drive the expansion bus. The main custom digital components, namely the
bus interface and the piotter interface are detailed in the following

subsections. They have both proved to be very reliable.

3.4.2 Expansion Bus Interface

The expansion bus is interfaced to the main computer with two custom
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interface cards, one of which plugs into the 122 pin non-standard comp-
uter bus. A block diagram of this interface is shown in Figure 3.6. The
card Toads the computer bus with at most 2 additional LS TTL gates. The
expansion bus is designed primarily for memory mapped devices. Hence the
address decoder is designed to decode the six most significant address
lines and read data from the expansion bus when addresses &E400 to &E7FF
are read by the CPU. These buffers drive a four foot long ribbon cable
which goes to an electronically 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 guarantee reliable
operation. The interrupt lines are connected without buffering though

they are not used in the present system.

3.4.3 Plotter Interface

The plotter interface 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 device select
signal only when &E7FF is addressed. This signal together with the Write
Enable and Data Bus In control signals are used by the decoder to produce
read and write signals for the buffers. This configuration allows
writing 16 bit instructions to the plotter and reading the plotter status

bits.
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CHAPTER 4

Analysis

4.1 Introduction

Like most things when considered in retrospect, the analysis
presented here may seem straightforward and perhaps even obvious. How-
ever, the procedure is new, and many of the conclusions which are drawn
from it are new, far reaching and of considerable practical importance.

There was a need for a uniform time base which could be used to com-
pare force records. A single subject, for instance, may walk at slightly
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
uniform time base allows the effect of speed variations to be almost com-
pletely eliminated, and gives a proper base for calculating the harmonic
frequency components of gait.

The dynamic forces caused by acceleration of body segments are pro-
portional to the second time derivative of their position. Hence, these
dynamic forces should be scaled by the inverse square of the time scale.
It has been shown [12,13] that these dynamic forces usually constitute
only 10% of the total vertical reaction; the main vertical component
being due to quasi-static body support forces. For example, if the time
scale is expanded by 10%, the dynamic forces are reduced by 21%, and the
total force is altered by approximately 2%. Hence, inless 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 time base together with a force scaling based on the subjéct's weight
provide a means of comparing the gait forces of one person to another
since in general they walk at different speeds and have different
weights. That the force scale factor should be the inverse of the sub-
ject's weight is obvious. It is also easy to calculate.

It is more difficult to choose and calculate the time scale factor.
The heel strike is the most easily and accurately measured instant in the
gait cycle as outlined in Section 4.3. Since the period between left and
right heel strikes and right and left heel strikes is usually different
during abnormal gait, the period which should be chosen is from one heel
strike to the next heel strike 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
is useful for time scaling abnormal gait when a full gait cycle is not
available. Identification of these heel strikes from force records is
discussed in the next section.

Solution of the heel strike problem allows the transfer of weight
from one foot to the other to be determined completely. It also allows
the reconstruction of any foot force pattern from other foot force
patterns. For example, the force produced by a sequence of left and then
right feet hitting the plate (a left-right force record) can be recon-
structed by adding the force records of a single left foot on the plate
(a Teft force record) and a single right foot on the plate (a right force
record). In a similar fashion, a left force record can be reconstructed
by subtraction of a right force record from either a left-right force
record or a right-left force record. These procedures are discussed in
the following sections, and are applicable both to normal and abnormal

gait.
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4.2 MWeight Transfer

During single support, the center of force of the foot moves from
the heel position to the toe position. During double support the effec-
tive center of vertical force moves from this toe position to the heel
position of the other foot. This double support weight transfer is
modelled by the Tleft foot force, F (t), applied at the left toe
position and the right foot force, FR(t), applied at the right heel
position as shown in Figure 4.1(b). This approach will model the weight
transfer in both the direction of walking (x) and normal to it (y). Only

the center of force in the direction of walking is shown.

4.3 Identification of Heel Strikes

The total vertical force exerted on the force plate is simply the
algebraic sum of the vertical forces exerted by the left and right feet
separately. Figure 4.1(a) shows the vertical forces exerted by the Teft
(solid line) and right (dashed line) feet of a normal subject. It also
shows the sumn of a left and right record (shown with small circles),
which is the force produced by a left-right sequence. The first heel
strike, S1, shown in Figure 4.1(a) occurs at the beginning of this
composite record and hence is easily found.

Heel strikes occuring when both feet are on the plate, such as S,
are more difficult 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 suddenly from the toe of the rear foot forward

towards the forward foot heel position. This produces a sharp change of
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slope in the center of force curve, as indicated 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 allow heel strikes occuring when both feet are on the force
plate to be identified. When more than two successive steps hit the
force plate, this algorithm is repeated as required. The instant of toe
off is not as easily identified by this method as the foot force
decreases smoothly to zero.

The first heel strike off the force plate is found using the
approach switch channel shown in Figure 4.1(c) which is decoded to deter-
mine the approach switch positions. For the case shown in Figure 4.1,
the third heel strike S3 is found by the voltage step which indicates

closure of the right approach switch.

4.4 Force Reconstruction

In steady state, the vertical forces exerted by left and right feet
are periodic time functions. The force plate record is the algebraic sum
of a certain sampling of these functions. It follows, therefore, that
certain records can be reconstructed from other records. For example, a
left-right vertical force record can be reconstructed from separate left
and right records. Both single step records must be scaled to the same
gait cycle period as the composite step using:

Gait cycle 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 successive left and right heel strikes
(I-RL ratio)

The right force record must also be time shifted by the time scaled
period between successive left and right heel strikes. Mathematically,

this can be written as:

FLR(t) = FL (Q1t) + FR (Q2t - Q2DLR)

FL (Q1t) + FR (Q2 (t-DLR))

where: FLp(t) is the left-right vertical force time function

Fr(t) is the left vertical force time function
Fr(t) is the right vertical force time function
DrL is the period between left and right heel strikes

Q1,Q2 are the time scaling factors of the left and right
vertical force functions, given for example, by

Q1 = Left record gait cycle period
Combination record gait cyclTe period

The force function F L of a Tleft-right combination can be recon-

structed in a similar fashion as

FLRL(t) = FL (Q1t) + FR (Q2(t-DLR)) + FL (Q1(t-P))

Re-arrangement of the above equations allows a single 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 combination and a right record by

F(t) = FLp(l t) - Fgp (Qo(t-DyR))
iy U

These reconstruction procedures are useful when a particular single or
combination record is not taken or cannot be easily taken. These pro-
cedures are especially useful since they apply to both normal and

abnormal gait.
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CHAPTER 5

Experimental Procedure

5.1 Introduction

One of the objectives of this project was to produce a general data
acquisition system which is easy to use. The system developed is des-
cribed 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 aim for a small plate as is the case
for most gait analysis systems. He is unencumbered with wires, lights or
markers; and video and film cameras are unnecessary.

The data acquisition program is loaded and started. The patient
then traverses the force plate six times. The plate force voltages and
wal kway switch voltages of these traverses are stored in RAM in real time
and then are automatically stored to 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 permanent digital form which is easily

accessible for further digital processing and analysis.

5.2 Data Acquisition

A set of seven time varying voltages corresponding to the six plate
reactions and the approach switch positions are sent to the A to D board
where these voltages are sampled and conVerted to digital form. A
sampling rate of 125 Hz is suitable for normal gait speeds as a typical

gait cycle period is 1.2 sec, and only the first 10 harmonics are of
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significant amplitude. Since this sampling speed is too fast to be
handled by a BASIC program, an assembler program is necessary. The
Appendix contains the assembler program developed for this purpose. It
is capable of sampling all seven channels at 125 Hz and other selected
frequencies from 50 to 250 Hz.

A simplified flow chart of the program is shown in Figure 5.1. One
of the software faults of the computer operating system is that it is not
possible 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 entire program in assembler, including functions which can be
written and executed more easily and efficiently in BASIC, such as file-
keeping, user prompts, messages and inputs. Flow chart block A which
denotes the filekeeping routine consequently constitutes by far the bulk
of the program. Since the details of this section are not important 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 samples. One channel known as the
trigger channel 1is chosen to initiate and terminate the sampling process.
Since a significant vertical force Vo 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 when
significant information is being generated by the plate. A threshold of
100 mv cbrresponding to a 45 N reaction is used. Blocks C and D sample
this trigger channel until three consecutive samples 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 acquisition
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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 minimizing the time skew between
samples. Digitized values are stored in RAM from hexadecimal addresses
42000 to &7/FFF according to the format of Table 5.1. For example, the
channel 1 values from traverse 1 are stored consecutively beginning at
RAM Tocation &000. The sampling routine is terminated when more than 32
consecutive samples of the trigger channel fall below the chosen thres-
hold value. Requiring 32 samples below threshold prevents false termina-
tion due to noise spikes which may momentarily drive the signal below
threshold. It also ensures that the signal is read until it reaches its
steady state (zero force) value again. This provides a method of deter-
mining the DC offset which is present at the time the sample is taken,
and as discussed in the next section, allows this 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 RAM to disc according to the format
of Table 5.1. The data from channel 1 of traverse 1 for example, is
stored in disc record 1.

Channel 8 is not used for sample storage. Instead, locations 0 and
1 are used to record the number of samples taken and the sampling fre-
quency, as shown in Table 5.2. The other values stored here will be dis-

cussed in the following section on editing.

5.3 Data Editing

It is useful to edit 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 editing procedure described here restores the
signal as nearly as possible to its ofigina] 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 editing is to correct the
data for possible DC offset as shown in Figure 5.3(b). Fortunately, the
vertical foot force starts suddenly and initially increases linearly with
time. This fact allows the initial sub-threshold points to be recon-
structed by extrapolation from the first several points which were taken.
A sample of the final edited data is shown in Figure 5.3(c). The editing
program, Edit3, included in the Appendix performs these functions on all
six force channels. The number of initial points to be reconstructed is
determined by extrapolation of the total vertical force, given by the sum
of Vi, V2 and V3, to zero. The program also allows rearranging the
channel order and independent channel scaling. To ensure that the
editing procedure is reversible, the original offsets, and the number of
samples before editing are stored in channel 8. The editing program uses
the heel strike algorithm discussed in section 5.2 to calculate instants
of heel strike. These are also stored in the channel 8 area as shown in
Table 5.2. The number of steps on the plate, their side (left or right)

and the RL index are input from the user and are also stored.

5.4 Data Plots
Several utility programs were written to assist in the data analysis
and presentation. One of these programs, called DP44, which plots the

disc data is included in the Appendix. The program is very flexible. By
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choosing default O (zero), the user can select any particular channels
and runs from one disc file for plotting. It is often useful to plot all
seven channels of all six runs or the total component forces (Vi + Vo
+ V3), (M} + M) and A; of all 6 runs. The program will produce
these plots, for example, if defaults 1 and 2 respectively are specified.
These plots are useful in identifying bad data, as for example when the
subject steps on the edge of the force plate and part of his weight is
carried by the approach. The traverse direction and number of steps can
be determined from the plots of Vi and V3. These plots 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 subthreshold data missing from the
original record are reconstructed.

The heel strike algorithm 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 reconstruction of

total vertical force and center of force motion.

6.2 Digital Data Acquisition System

The digital data acquisition 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 minimized the additional load on the processing wnit. All
channels were sampled at 125 Hz. This proved to be a high enough sampling
rate as a typical gait cycle period is 1.2 sec and only the first 10
harmonics are significant. Even at this high sampling rate, the time

skew between the first and last channels was only 10% of the period
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between successive samples of the same channel. This allowed samples to
be treated as though taken simultaneously.

The data acquisition system and plotter were tested for their
accuracy and reliability by employing various waveforms produced by a
signal generator. These signals were digitized, printed and plotted for
examination. The results of these tests indicate that signals can be
read, recorded and plotted accurately.

That the digitizing and editing error is negligible can be seen from
Figure 6.1. Figure 6.1(a) shows two vertical force records made using an
X-y analogue plotter, while Figure 6.1(b) shows the same force records
taken digitally, edited and then plotted digitally. The slight differ-
ences are due to a bit of noise in the analogue equipment used to plot
Figure 6.1(a) and the limited frequency response of the analogue plotter

due to high frequency rolloff.

6.3 The Heel Strike Algorithm

A test was devised to determine the accuracy of the heel strike
algorithm. A special pair of shoes having heel and toe contact switches
were available. The switches were connected to a special amplifier which
produced a discrete 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 plate. The three vertical reactions, Vi, V2 and V3,
the approach switch voltage and the shoe switch voltage were recorded.
The resulting 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 algorithm are
shown in Table 6.1. One program scanned the foot switch record and
identified the points where voltage changes represented heel switch
closures and hence heel strikes. These sample points 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 columns of the
table.

The extremely good correlation between the heel strike times
measured using instrumented shoes, and the times calculated by the heel
strike algorithm, shows that the algorithm not only determines heel
strike, but that it is extremely accurate as well. Indeed, the data in
Table 6.1 show that the algorithm is accurate to within one half of the
sample period, or 4 msec. in this case. The accuracy of the algorithm
is further verified by the accuracy of the force reconstructions of
several different patients (some with abnormal gait) which are discussed
in the next section and which rely on the heel strike algorithm for time
scaling and offsets.

The fourth heel strike of run 4 is the only figure in the table
which is adjusted. 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 early run was
taken. As a result, they did not remain closed from a force applied to
any part of the plate. Their timing fortunately, is not affected by this
adjustment. The algorithm value was slightly in error, as it incorrectly
used the trailing edge of the spike rather than the leading edge. This

value was re-calculated manually from an examination of the data.
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The significance of this algorithm is that the period of single foot
support for each foot can be determined from force plate data alone.
Previously this had been impossible. Accurate heel strike determination
also allows determination of weight transfer from foot to foot during
double support. Having the forces for single foot support also allows
the previously indeterminant problem of Jjoint moments during double

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

6.4 Force Reconstruction

The second phase of fhe project is to reconstruct the vertical force
records of particular foot fall patterns from the force records of other
foot fall patterns. For example, Figure 6.3(a) shows the separate left
and right vertical force records of a subject who has an abnormal gait.
The subject had previously fractured his right femur. His right foot
force pattern is easily identified by the missing first hump which is
normally produced by a firm heel strike (compare with force record of a
subject with normal gait shown in Figure 6.4). His left foot force
record shown in Figure 6.3(a) is more normal. These records are time
scaled using the calculated heel strike points as outlined in Section
4.4, 1In this case they are scaled to match the time scale of the compo-
site record shown with a solid Tine in Figure 6.3(b). The left record is
then time shifted by the right-left heel strike period. This figure
shows that the reconstructed right-left record (shown with a dotted line)
matches the measured right-left record with less than 3% maximum error.
This is very good agreement as variations of up to 10% in successive

records of the same subject are not uncommon.
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Figure 6.4 shows the reconstruction of a left-right-left record from
separate left and right records for a subject with normal gait. Exactly
the same time scaling and offset technique were used here. As a final
example, Figure 6.5 shows the reconstruction of a right record of another
subject having normal gait obtained by subtracting a left record from a
right-left record. Both of these final examples also show extremely good
correlation (3% maximum error) between the reconstructed record and a
measured record of the same type. The examples demonstrate the accuracy
of the technique. They also inductively infer its applicability to the
addition and subtraction of single and/or multiple steps to reconstruct

almost any desired single or multiple step foot force record.

6.5 Center of Force Reconstruction

It seems almost ironic that this project whose analysis initially
stemmed from a study of centre of force motion should produce a method to
reconstruct the locus of the centre of force. The analysis presented in
Section 4.4 is designed to model the center of force position during
double stance. The present model treats the foot as an wmoving time-
varying point 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, Vi, V2 and V3.
The dotted line shows the center of force motion reconstructed from the
separate left and right foot vertical forces. The figure 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 is not accounted for in the
present reconstruction.

The center of force reconstruction of a left-right-left sequence is
shown in Figure 6.4(c). Here again, the center of force reconstruction
is almost indistinguishable from the measured one during most of double
support. The difference between the two curves close to and during
single support is again caused by the fact that the reconstruction model
does not account for the heel to toe weight transfer which occurs during

single support.
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CHAPTER 7

Conclusions

7.1 Data Acquisition System

The data acquisition, storage and processing system in its final
form proved to be very useful and reliable as a laboratory tool. Further
development is however necessary before it will be suitable for clinical
installations. Before this hardware and software development can be
done, the existing CPU must be replaced with any one of the standard and
reliable systems which are presently available.

The analogue and digital peripherals and their interfaces proved to
be effective, flexible and reliable. These peripherals and the extension
bus are suitable for use with any processing system. However, the inter-
face board which plugs 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 125 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 only. By equipping the section of approach
immediately adjacent to the force plate with microswitches, at least one
additional heel strike could be identified. Comparison with data taken

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

The vertical force records of particular foot patterns (eg. left
foot followed by right foot striking the force plate) could be recon-
structed from the force patterns of other foot patterns (eg. left foot
only striking plate and right foot only striking plate). Additive as
well as substractive reconstructions are possible. Comparison with
measured force records of the same types demonstrates that the recon-
structions are typically accurate within 3%.

The center of pressure can be reconstructed using a method similar
to that used for force reconstruction. The reconstruction is often
indistinguishable from and usually within 5% of corresponding measured
center of pressure records during double support. The error is due almost
entirely to motion of the center of pressure during single support. The
reconstruction could be made much more accurate if the center of pressure
motion during single support is modelled 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-
ting the force record of any particular foot pattern desired by the
clinician. They are especially useful in cases where force plates large
enough for multiple successive foot strikes on the plate are not avail-
able, as the algorithms allow any force record to be constructed and they
make double support weight transfer studies possible. Also, gait time
asymmetries can be accurately determined using only a force plate.

Neither instrumented shoes nor cine/video methods are necessary.
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Approach Switch Voltages

Table 3.1

Left Switch| Right Switch Parallel V7 For
Resistance (Ohms) | V7 / Vvt | V* = 15V
Open Open 2200 0.0447 0.671
Closed Open 688 0.0144 0.216
Open Closed 1100 0.0229 0.344
Closed Closed 524 0.0110 0.165
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Table 5.1

Memory Map and Disc Record Allocation
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Traverse
CHANNEL 1 2 3 4 5 6
1 '} &2000-21FF | &3000-31FF | &4000-41FF | &5000-51FF | &000-61FF | &/000-71FF
1 9 17 25 33 41
2 | &2200-23FF | &3200-33FF | &4200-43FF | &5200-53FF | &6200-63FF | &7200-73FF
2 10 18 26 34 42
3 | &2400-25FF | &3400-35FF | &4400-45FF | &5400-55FF | &6400-65FF | &7400-75FF
3 11 19 27 35 43
4 | &2600-27FF | &3600-37FF | &4600-49FF | &5600-57FF | &6600-67FF | &7600-77FF
4 12 20 28 36 44
5 | &2800-29FF | &3800-39FF | &4800-49FF | 45800-59FF | &6800-69FF | &7800-79FF
5 13 21 29 37 45
6 | &2A00-2BFF | &3400-3BFF | &4A00-4BFF | &5A00-5BFF | &6A00-6BFF | &7A00~7BFF
6 14 22 30 38 46
7 | &2C00-2DFF | &3C00-3DFF | &C00-4DFF | &5C00-5DFF | &6C00-6DFF | &7C00-7DFF
7 15 23 31 39 47
&2E00-2FFF | &3E00-3FFF | &4EQ0-4FFF | &5D00-5FFF | &EQ0-6FFF | &7E00-7FFF
8 16 24 32 40 48
Table 5.2
“Channel 8" Format
Entry # Description
0 No. of data points after editing
1 Sampling frequency
2 No. of data points before editing
3 - 8 Channel DC offsets before editing
11 No. of steps
12 - 15 Step details (Right = 4, Left = 2)
16 RL Symmetry Index
21 - 25 Heel strike sample numbers




Table 6.1

Comparison of Heel Strike Times

52

Strike Times From Strike Times From
Run No. of Steps Foot Switches Algorithm
1 2 3 4 1 2 3 4
1 1 1 71 1 72
2 2 1 67 128 1 67 129
3 1 1 72 1 72
4 3 1 71 132 197 1 72 132 198*
5 3 1 74 1401 2081 1 75 141 **
6 3 1 73 141 212} 1 73 141} 213

k%

Times shown measured in 1/125 sec. (sample number) from first

heel strike.

See Text, Page 29.

Foot struck edge of force plate.
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Computer Program Listings

Data Acquisition (Gait3)
Disc Plot (DP44)
Edit (Edit3)

Reconstruction (Con7)
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IPRGE-1 GAIT DATA ACWUISTTIGN - PART 1 (VER 08/09/81)

TITL "GAIT DATA ACQUISITION - PART 1 (VER 08/09/81)"

6385C PART! 107
DREG

: EXTERNAL. REFERENCES
REF LIST,UPDATE.,SAMPLE
* EXTCRNAL DEFINITIONS
DEF [NPUT,SETUP1 ,SETUP2.MOD, HRAPUP
DEF MSGOUT . MSG11 ., DTH,LABEL1,0PEN.DTHO1,DTHO2

DEF BUFFER RNUM, MSGJO MSG31,LABEL4, MSGLP2
DEF MSG1O, DTHOJ.DTHO7 MSG40.MSG50, DHTHHP CR

¥
+ RAM DATA BASE
* NOTE: ORDER IS IMPORTANT: CHANGE WITH CARE.
*
0100 AORG  >100 ¢ STARTING ADDRESS OF RAM
0100 MAINWP  BSS 32 y MAIN PROGRAM WORK SPACE
0120 DATAWE  BSS 32 i WORKSPACE FOR SAMPLE
0140 BUFFER P” 130 + TEXT BUFFER
0tcz DTHCMD  BSA 32 ; BUFFER FOR DTH COMMANDS
01E2 FNAME RSS 8 + TILE NAME FOR DTH COMMANDS
01EB DATE B3S 7 v DATE
01F2 DATE! BSS 9 + DD/MM/YY
01FC EVEN
01FC RNUM B3OS 2 ¢ RUN NUMBER
01FE RNUM1 BSS 4 ¢ CURRENT RUN NO,
0140 BOUND1  EQU BUFFER : LOWER BOUND FOR DTH CALLS
01Co BOUND2 Lo DTHCMD-2 + UPPER BOUND FOR DTH CALLS
*
+ MONITOR INTERFACE
"
0000 RORG  »
0000 0460 0788 STHRT B OMAIN
+ ROM DATA BASE
0004 0D CR BYTE >0D + CARRIAGE RETURN
0005 ¢A LF BYTE >0A s LINE FEED
0006 40 ENSIGN BYTE '@’ ; SIGN FOR END QOF TEXT
0007 2F SLASH BYTE '/’ y SLASH
0008 59 YES BYTE Y’ v YES
0009 2 BLANK BYTE ' ' ; BLANK
gooa 41 AF BYTE ‘A’ ¢ ALLOCATE FILE
000B 43 CF RYTE *C’ v COPY FILES
000C 46 DY BYTE 'F° ; DEFINE UNIT
000D 4B ID BYTE 'K’ v INITIALIZE DISK
000E 52 IR BYTE ‘R’ ; INPUT RECORD
000F 57 OR BYTE "W’ + OUTPUT RECORD
0010 50 PF BYTE P’ ¢ POSITION UNIT
3611 58 RD BYTE "X’ + RESCT DISK
0012 53 SF BYTE 'S’ + SAVE FILE (DISK)
0013 30 ZERO BYTE 0’
0014 31 ONE BYTE '1°
0015 32 THO BYTE 2’
0016 33 THREE BYTE '3
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0044
0055
004C

r OUR
F1VE
SIX
SEVEN
EIGHT
NINE
TEN
HUNDRD
BLANKS
TABCMD

¥

* LARFL
*
LABEL1

LABEL?2

LABEL3

LABEL 4

*

+ DTH COMMAND

*

DTHO!
DTHOZ
DTHO3

DTHO4
DTHOS

BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
DATA
DATA
DATA
DATA
DATA
DATA
DATA

FILE

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

TEXT

BYTE
TEXT

RYTE
TEXT

BYTE
TEXT
BYTE
TEXT

’
I3
’
]
'
[

OWONOU

1
100
DATACQ.'D’
UPDATE, U’
hIST,'L'

H5G20
MSG21
MSG22
MSG23
MSG24
MSG25
MSG26
MSGZ

MSG28
M5629

F L Y =)

CIDONINY — — —+ — s 2

[ .

-
al

NN LOMUIT WMo —

9

1 0'
MSG33
MSG34
QSGBS

FILE
P10

>0D
'R 11287

>0D
W1 o128

>0D
'X’
>0D
'F'

(VER 08/038/81)

4o 20 b0 00 b0 s a0 se s wr e e

SECTOR 11
SECTOR 12
SECTOR 13
SeCTOR 14
SECTOR 15
ScCTOR 16
SECTOR 2

SECTOR 24
SECTOR 28
SECTOR 32
SECTOR 36
SECTOR 40

SET FILE! TO THE BEGINNING
INPUT A RECORD (128 BYTES)
OUTPUT A RECORD (128 BYTES)

RESET DISK DRIVES
CLOSE ALL_ OPENED FILES
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PAGE-3 GAIT DATA ACGUISITION - PART 1 (VER 08/039/81)

0083 0D BYTE >0D

0084 5020 3120 DTHO6  TEXT 'P 1 10' s POSN FILE TO SECTOR 10
088 313C

008A 0D BYTE >0D

008B 5020 3120 DTHO7? TEXT 'P 1 200 "

0C8F 5230 2030

0093 20

00384 0D BYTE  >0D

0085 5020 3120 DTHIG  TEXT P 17 ; POSITION FILE !
0089 0D BYTE >0D

X
* SYSTEM HESSAGES

+*
00948 0A MSGO1  BYTE >0A
0098 2A2A 2A2A TEXT ‘%x#% GAIT DATA ACQUISITION SYSTEM s’ ;
0C9F 2047 4145 faf
00A3 5420 4441 SRR
0CA7 5441 2041
00AB 4351 5549
0CAF 5349 5445
00B3 4F4E 2053
0GB7 5953 5445
00BB 4D20 2A2A

06C2 0A0D DATA  >0AOD

00C4 454E 5445 MSG02  TEXT "ENTER DATE (DD/MM/YY): ~’
(0C8 5226 4441

00CC 5445 2028

0000 4444 2F4D

00D4 4D2F 53859

00D8 2383n 20

00DB 0D BYTE >QD
00DC 0A MSGO3  BYTE >0A
00DD 4655 4E43 TEXT 'FUNCTIONS AVAILABLE: '

GOE1 5445 4F4E
00E5 5320 4156
O00ES 4149 4C41
O00ED 424C 453A

00F1 20
00F2 0D BYTE >0D
00F3 2020 312 MSGO4  TEXT ' 1. DATA ACQUISITION (D), '

O0GF7 2020 4441
00FB 5441 2041
OCFF 4351 5549
0103 5349 5449
0107 4F4E 2028
010B 4423 2C20

010F OD RYTE >0D

0110 2020 322E MSGOS  TEXT 2. UPDATE PATIENT FILE (U), AND '
0114 2020 555C

0118 4441 5445

011C 2050 4154

0120 4945 4E54

0124 2046 4394C

0128 4520 285%
012C 232C 2041

8133 0D BYTE >0D
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PAGE-4 GAIT DATA ACQUISITION - PART 1 (VER 08/09/81)

ey
e W
o OO

150

153

OO0 OOOOOLOOLOOLLLOOO

2020
2020
5354
4154
4EE4
£94C
284C

332E
4C49
20590
4945
2046
4520
292E

4F 4F
2059
5220
4E47
4F 4E
5326
4520
5253
4C45
4552

2A20
5641
4420
5055
2D20

2 5326

4149
20

2A20
5441
4351
534y
4F 4E
2A26

2R20
4441
204D
5445
4648
202A

2A20
5354
4153
5220
4C45
2R2A

2054
208¢

MSGO6

MSGO7

MSGO8

MSGOS

MSG10

MSG11

MSG12

TEXT

RYTE
BYTE
TEXT

BYTE
TEXT

2YTE
BYTE
TEXT

DATA
BYTE
TEXT

DATA
BYTE
TEXT

DATA
TEXT

" 3, LIST PATIENT FILE (LY. '

>0D
>0A
"CHOOSE YOUR FUNCTION BY THE FIRST LETTER: '

>0D
"#x% INVALID INPUT - TRY AGAIN: '

>0D
>0A
"#x# DATA ACOUISITION #xs’

>O0A0D
>0A
"#¥ax4 UPDATE MASTER FILE s»x’

>0A0D
>0A
"#x4 LIST MASTER FILE #4»’

>0A0D
*IS THE PATIENT NEW TO THE SYSTEM? (Y/N) '
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01FC 4154 4345

0200 4ES4 204E

0204 4557 2054

0208 4F20 5445

020C 4520 5359

0210 5354 454D

0214 3F20 2859

0218 2F4E 2320

0z1C oD BYTE >0D
021D 494E 5345 MSG13  TEXT '"INSERT A NEW DISKETTE INTO DRIVE NO. 1’
£221 5254 2041

0225 204E 4557

0229 2644 4953

022D 4B4S 5454

0231 4520 494E

0235 S44F 2044

0239 5249 5645

023D 204E 4F2E

0241 2031

0243 0D BYTE >0D
0244 494F 5345 MSG14  TEXT *INSERT THE PATIENT FILE INTO DRIVE NO. 17
0248 5254 2054

024C 4845 2050

0250 4154 4945

0254 4E54 2046

0258 4394C 452¢

025C 4384E S544F

0260 2044 5249

0264 5645 204t

0268 4F2E 2031

026C 0D RYTE >0D
026D 454E 5445 MSG1S  TEXT  'ENTER THE PATIENT LAST NAME:
G271 5220 5448

0275 4520 5041

0273 5449 454F

027D 5420 4C41

0281 5554 Z(Q4E

0285 414D 453A

02839 20

028A 0D BYTC »0D

028B 0A MSG16  BYTE >0A

028C 434F 4E54 TEXT "CONTINUE WITH ANOTHER FUNCTION? (Y/N) '

(290 494E 5545
0294 2057 4954
0298 4820 414E
029C 4F54 4845
02R0 5220 4655
02R4 4E43 5449
02A8 4F4E 3F20
02AC 2859 2F4E

02B0 2920

02B2 0D BYTE  >0D

02B3 0A MSG20  BYTE >0A

02B4 5355 424A TEXT 'SUBJECT NAME: '

C2B8 4543 S420

02BC 4E41 4D45

G2C0 3A2C

02C2 0D BYTE >0D
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02C3
0z2C7
02C8
02€C8
£2CD
02D1
02D2
02D6
02DA
02DB
C2DF
Q2E3
C2E7
02E9
02EA
0zEE
02F2
02F 5
02FA
02FB
C2FF
0303

0307 2

0308
0308
050D
0311
0315
319
031A
G31E
0322
0326
032

032A

032E §

0332
0335
0336
0337
C33B
033F
343
0345
0346

0348 3

034E
035z
0354
0355
0356
035A
035E
0362
0366
036A
036B
036F

4947
3AZ0

4947
3A20

4243
4C45
5448

4D55
4C2¢
4E47
3A20

434B

. 454F

483A

4D45
4C20
4E47
3A2C

4449

, 204C

4754
<0

5020
445¢,
20

4E20
2EZ0
4154

3D3D
3D2¢
3D3D

4D4D
542¢
5220

> 4E20

2E20

4E45
203k

MSG21

MSG22

MSG23

MSG24

MSG25

MSG26

MSG27

MSG28

MSG29

MSG30

MSG31

MSG32

MSG33

TEXT

BYTE
TEXT

EYTE
TEXT

BYTE
TEXT

BYTE
TEXT

BYTE
TEXT

BYTE
TEXT

RYTE
TEXT

BYTE
TEXT

BYTE
BYTE
TEXT

RYTE
TEXT

RYTE
BYTE
TEXT

BYTE
TEXT

"AGE: '

>0D
"HEIGHT:

>0D
"WEIGHT: '

>0D
"TIBRIA LENGTH: ~’

>0D
"FEMURAL LENGTH: '

>0D
"BACK LENGTH: '

>0D
"HUMERAL LENGTH: '

>0D
"RADIAL LENGTH: -

>0D
"HIP WIDTH:

>0D
>0A
"RUN NO. DATE '

>0D
>0R

"COMMENT FOR RUN NO.

>0D
"LINE 1
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1'

0373
0374
0375
0573
037D
037E
037F
0383
0387
0388
0389
038A
(38E
0392
0396
039A
039k
03A2
03A6
03AA
03AB
03AC
(3B0
03B4
03E8
03BC
03C0
03C4
03C8
03CC
03D0
03D2
03D3
03D4

03D8
03DC
03E0
03E4
03ES
03EC
03F0
03F4
03F8
03FC
0400
0404
0405
0408
0408
040D
0411
0415
0418
041D
0420

20
1))
4C49
2032

20

5448
494E
4941
SA45
4449
4554
2042
4820
2044
5645
4F 2E

4E45
2036

4E45
203A

2020

S 414D

4520
4420
4£52
4441
2020
2R20

5345
2041
4557
4953
5454
494
2044
5645
4F2E

5420

4520
43954
4C49
4420
534B
5445
4143
S44F

5249

204E
2031

3F

3D3D
3D3D
303D
3D3D
3D3D
3D

MSG34

MSG3S

MSG40

MSG41

MSG42

M5G43
MSG50

#*

* ROUTINE:

BYTE
TEXT

BYTE
TEXT

RYTL
BYTE
TEXT

RYTE
BYTE
TEXT

BYTE
BYTE
TEXT

BYTE
TEXT
BYTE
TEXT

DATA

>0D
"LINE 2 @ 7

>0D
'LINE 3 ¢ '

>0D
>0A
"#%%  SAMPLE AND STORE DATA  ##x '

>0D
>0A
"INSERT A NEW DISKETTE INTC DRIVE NO. 27

0D
>0A
"PUT THE INITIALIZED DISKETTE BACK TO DRIVE NO.

>0A0D

INPUT

* THIS ROUTINE INPUTS A LINE FROM THE TERMINAL AND STORES IT
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0422

0426-

0428
042A
042t
0430
0434

0436
043A
043E
0440
0442
0446
0448

04448
044C
0450
0454
0458
045A

045C
045E
0460
0464
0466
0468
046A
046C
0470
0472

0474
0478
047C

¥
0200 0140 INPUT

%

INTO THC TEXT BUFFER.

(VER 08/09/81)

64

LT RO,BUFFER : GET TEXT BUFFER
2C41 INNP IN Rl i GET ONE CHARACTER
DCO1 MOVB R1,*RO+ : STORE TO THE TEXT BUFFER
9801 0004 CE R1,8CR : INPUT FINISHED?
16FB ONE - INLP i NO, CONTINUE
D420 0004 HOUB  aCR.*R0 i SET UP THE ENDING MARK
045B B *R11 v OEXIT
.
* ROUTINE: MSGOUT
* THIS ROUTINE DISPLAYS THE MESSAGE WHOSE ADDRESS
# FOLLOWS THE CALLS.
L3
2CA0 0004 MSGOUT OuT  @CR s OUTPUT A CARRIAGE RETURN
2CAD0 0005 OUT  8LF : OUTPUT A LINE FEED
2C30 MSGLP2 GUT RO ; OUTPUT ONE CHARACTER
0580 ING RO : ADVANCE THE POINTER ONCE
9810 0004 CR  +R0.OCR : END OF MESSAGE?
16FB INE  MSGLP2 : NO, CONTINUE
045E R *R11 ¢ OEXIT
¥
# ROUTINE: DTH
# THIS ROUTINE SETS UP THE PARAMETERS REQUIRED FOR
* CALLING A DTH SUBROUTINE:; IT THEN BRANCHES TO ONE
* OF THE SUBROUTINES DEPENDING ON THE PARAMETER SET
* BY THE CALLING ROUTINE.
: -
CO3B DTH MOV #R11+.RO i GET ADDRESS OF THE COMMAND
0201 0140 LT R1,BOUNDI i SCT UP LOWER BOUND FOR DTH
0202 01C0 LT R2.BOUNDZ ¢ SET UP UPPER BOUND
0420 FS04 ELWP #7804 i GO TO DTH'S SUBROUTINE
0000 DATA 0
0455 B *R11 i EXIT
¥
+ ROUTINE: SETUP
# THIS ROUTINE INCLUDES ALL THE SUBROUTINES WHICH SET UP
* THE NECESSARY PARAMETERS FOR DTH CALLS.
¥*
CO3E SETUPT M0y %R11+,R0
DE90 MOVE  *RO,*R10+
DEAD 0009 MOVB  ®BLANK,*R10+
045B B *R11
CO3B SETUPZ MOV #R11+,R0
04C1 CLR  RT i LENGTH COUNTER=0
DEBO SLP MOVB  #RO+.*R10+ : SET UP FILE NAME
9810 0004 CB *R0.GCR : ENDING MARK?
16FC JNE  sLp : NO, CONTINUE
045B B *R11 i EXIT
.
* ROUTINE: OPEN
* THIS ROUTINE OPENS FILE ! AS AN ACTIVE I/0 FILE.
# THE NAME OF FILE 1 FOLLOWS THE CALLING INSTRUCTION
# IN THE INVOKING ROUTINE.
*
0200 01€2 OPEN LT  RO.FNAME : GET THE FILE NAME
0201 01C2 LI  Rf,DTHCMD : GET COMMAND FILE
C248 MOV R11,R9 ; SAVE RETURN ADDRESS
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G47E
04382
0486
048A
048t
0430
0484
0496
049A
043E
04A0

04n2
046
04A8
04AA
04AC
04AE
04B0

04B2

04B4
04B8
04BA
04BE
04C0
04C4
04C6
04CA
04CE
04D2
04D4
04D8
04DA
04DC
04E0
04E4
04E8
04EA
04EE
- 04F 0
04F 4
04F8
04FC
04FE
0502
0506

DCEO
DCE0
DC6O
DC60
DC70
3810
16FC
DCeO
06A0
01C2
0458

0205
8146
1102
6185
10FC
0A1E
0458

CiCB
06A0
0084
0640
6070
C1A0
0586
€806
C806
06A0
0084
06A0
0078
0606
06A0
0201
0202
DC72
9812
16FC
CC66
D460
06A0
01C2
0200
0201
CC20

000C
0009
0014
000S
0004

0004
044A

0006

0444
044A
0140
01FC
0140
044A
0444
04A2
01C2
0095
0004
0048
0004
044A
0140

O1FE
0022

(VER 08/09/81)

4c0sws b0 0t 00 a0 a0 a0

65

SET UP DU COMMAND

LEAVE A BLANK

FILE 1

LEAVE ANOTHER BLANK

SET UP FILE NAME

END OF FILE NAME?

NO, CONTINUE

PLACE AN ENDING LABEL
CALL DTH FOR DU COMMAND

EXIT

# THIS ROUTINE MODULOES R6 BY & AND ADDS ONE TO R6.

MOVR  @DU,*R1+
MOVR  BBLANK, *R1+
MOYB ®ONE.*R1+
MOVR  BBLANK.*R1+
OPENLP  MOUB  #R0+,*R1+
CR_ #R0.8CR
JHE  QPENLP
MOVB  BCR,*R1+
R ®DTH
DATA  DTHCMD
B *RY
X
« ROUTINE: MOD
¥ .
HOD L1 R5.6
MOD1 € R6.RS
JLT  MODRTN
S RS (R6
JMP MOD1
MODRTN S5LA  RG.!
B *R11
3
# ROUTINE: WRAPLIP
*
* SECTOR 11 OF THE MASTER FILE:
* THE RUN NQ.
*
« 1T DUERIES
# T0 BE STORED.
#*
WRAPUP MOV R11.R7
BL_ @®DTH
DATA  DTHO6
BL_ @DTH
DATA  DTHO2
MOV @BUFFER.R6
INC  R6
MOV R6.GRNUM
MOV  RE,®BUFFER
L @DTH
DATA DTHOE
2L @DTH
DATA DTHO3
DEC  Rb
BL  3MOD
LI R!,DTHCMD
LI  R2,DTHIC
WLOOP! MOUB #R2+,*R1+
CR - *R2,8CR
JNE  WLOOP?
MOV BLABEL2(RG) ,*R1+
MOVB  @CR, *RT
BL  @DTH
DATA DTHCMD
L RO, BUFFER
L1 RI,RNUMI

2 20 2sws 20 00 o

MODULO €&

R6 < 6 7

YES, GO TO MODRTN
SUBTRACT 6 FROM R6
TEST AGAIN
MULTIPLY RE BY 2
EXIT

THIS ROUTINE READS THE PREVIOUS RUN NO. FROM

THE NEW RUN NO. BACK TO THE MASTER FILE.
THE OPERATOR FOR ANY COMMENTS NEEDED

IT THEN UPDATES

AND STORES THE DATE ASSOCIATED WITH

®BLANKS. *RO+

-

ve br v nu e

Ss as a0 ss a0 esne a0 se s

FINALLY

SAVE RETURN ADDRESS
POSN FILE 1 TO SECTOR 10

READ SECTOR 10 FOR RUN NO.

GET PREV. RUN NO.

UPDATE RUN NO.

STORE PREV. RUN NO.

PUT CUR RUN NO TO BUFFER
POSN FILE | 7O SECTOR 10

STORE CURR NUM NUM TO DISK

GET PREV. RUN NO.
MOD(R6,7)

GET COMMAND FILE
R2 POINTS TO DTH10
MOVE ONE CHARACTER
END OF COMMAND?
NO, CONTINUE

GET SECTOR NO.
PLACE ENDING LABEL
POSN FILE 1

GET TEXT BUFFER
R1 POINTS TO RNUM1
LEAVE TWO BLANKS
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050A 04C4 CLR R4 ; CLEAR R4 FOR DIVISION
050C C160 01FC MOY  BRNUM,RS ; PUT RUN NO IN RS

0510 3D206 0020 DI¥  @®HUNDRD.R4 + DIV R4,R5 BY 100

0514 DC24 0013 MOVB  8ZERD(R4) %R0+ y GET HUNDREDTH

0518 DCG4 0013 MOVB ®ZERO(R4),*R1+ ; GET HUNDREDTH FOR RNUM!
051C 04C4 ) CLR R4 + CLEAR R4 FOR DIVISION
051E 3D20 001E DIV @TEN.R4 ¢ DIV R4,R5 BY 10

0522 DC24 0013 MOVB  BZERO(R4) ,#R0+ + GET TENTH

0526 DC64 0013 MOVB  @ZERO(R4),%R1+ s GET TENTH FOR RNUM1
052Aa DC25 0013 MOVB  B8ZERO(RS).*RO+ ¢ GET UNITH

052E DCES 0013 HOVB ®ZEROG(RS),#R1+ : GET UNITH FOR RNUM!
0532 D460 0004 MOVB  BCR, *R1 s PLACE ENDING LABEL
0536 DC20 0003 MOVB  ®BLANK,*R0O+ 7 LEAVE ONE BLANK

053p CC20 0022 MOV BBLANKS.,*RQ+ 7 LEAVE TWO BLANKS

053E 0201 01F2 LI RY,DATE! i X1 POINTS TO DD/MM/YY
0542 DC31 WLOOPZ  MOVB  +R1+,#R0+ ; MOVE ONE CHARACTER
0544 3811 0004 Ch *R1,8CR ; tND OF DATE?

0548 16FC JNE WLOOP2 7 NO, CONTINUE

054A D420 0004 MOVB  GCR,*R0 : PLACE ENDING MARK
054E 06A0 D44A BI 3DTH ¢ OUTPUT ONE RECORD
0552 0078 DATA  DTHO3

0554 0260 01C2 LI RO, DTHCMD v RO POINTS TO DTHCMD
0558 0201 0095 LT R1.DTH1O i R1 POINTS 70 DTH10
055C DC31 ‘ WLOOP3  HOYB  #R1+ ,#*R0+ « MOVE ONE CHARACTER
055E 9811 0004 Ch *R1,@CR v END OF COMMAND?

0562 16FC JNE WLOO0PR3 + NO, CONTINUE

0564 CC26 0054 MOV @®LABEL3(RG).#R0+ ; GET SECTOR NUMBER
0568 D420 0004 MOVB- ®CR.*RD : PLACE ENDING LABEL
056C 06A0 044a BL ADTH ¢ POSITION FILE 1

0570 01C2 DATA  DTHCMD

0572 0200 01C2 LI RO.DTHCHD ¢ RO POINTS TO DTHCMD
0576 DC20 0012 HOVB  BSF, *RO+ + SETUP COMMAND KEY
05768 DC20 0009 MOVB  ®BLANK, *R0O+ ¢ LEAVE A BLANK

057E 0201 01E2 Ll RT.FNAME v R1 _POINTS TO FNAME
0582 DC3!1 MOYB  #R1+,*R0+ y GET THE 1ST LETTER
0584 DC31 d0VEB  *R1+,%R0O+ s GET THE 2HD LETTER
0586 0201 01EB LI R1.DATE ; R1 POINTS TO DATE
058A DC3!1 LOOPOT  HOVB  #R1+,#R0+ s GET ONE DIGIT OF THE DATE
058C 9811 0004 CR #*R1.8CR ¢ END OF DATE?

0590 16FC JNE  LOOPO1 + NO, CONTINUE

0592 0201 G1FE LI R1,RNUM1 ¢ GET ASCII RUN NO.
0596 DC31 LOOP02 MOVB  #R1+,#R0+ ¢ GET ONE DIGIT AT A TIME
0598 9811 0004 CB *R1,0CR : END OF RUN NO.?

053C 16FC JNE  LOCPO2 i NO, GET ONE MORE

05SE DC20 0009 MOVB  BRLANK,#*RO+ + LEAVE A BLANK

05A2 DC20 Q004 HOVB  3CR.,*RO+ v PUT ENDING MARK

0546 0200 01C2 LI RO, DTHCHD ¢ GET COMMAND

05AA4 0201 2000 Ll R1,>2000 + LOWER BOUND

0SAE 0202 7FFF LI R2,>7FFF ¢ UPPER BOUND

05B2 0420 F804 BLWP  3#F804 ; CALL DTH SUB-PROGRAM
0SB6 0000 DATA O v ANY ERROR IS FATAL
05B8 0200 0355 LI RO, HSG32 + RO POINTS TO MSG32
05BC 0201 0140 LI R1,BUFFER s R1 POINTS TO TEXT BUFFER
05C0 BC70 WLOOP4  MOYB  #RO+,*R1+ + MOVE ONE CHARACTER
05C2 9810 0004 R *R0,QCR + END OF STRING?

05C6 16FC JNE  WLOOP4 7 NO, CONTINUE

05C8 0200 01FE LT RO .RNUM1 7 RO POINTS TO RNUM!1
05CC DC70 WLOOPS  MOVB  *RO+,*R1+ s MOVE ONE CHARACTER
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05Ct
(5D2
05D4
05D8
05DC
G5E0
0SE4
0SEG
05EA
05cE
0SF2
0SF4
05F8
05FA
0SFE
0602
0604
0606

0608
060R
060E
0612
0616
0614
061E
062z
0624
0626
062R
062E
0632
0636
0638
063C
063E
0642
0646
0648
064C
0650
0652
0656
0658
065C
0660
0664
0668
066C
066E
0672
0676

GAIT

9810
16FC
D46G
0200
06A0
06A0
0078
0200
06A0
0204
C034
1308
06A0
0B6A0
06A0
go7e
10F6
0457

C20R
0200
06A0
0200
06A0
06A0
982¢
0008
1650
0200
06A0
020A
06A0
000D
06A0
01E2
DEAQ
06A0
01C2
020A
06A0
000A
06A0
01E2
DEAOD
DEAQ
DEARO
DBAG
06A0
01Cc2
06AC
06A0
0068

DATA ACQUISITION - PART 1

0004

0004
0140
0436
044A

0409
0436
0060

0436
0422
044A

019E
0436
01F4
0436
0422
0140

021D
0436
01C2
045C

0466

0004
044A

61C2
045C

0466

0003
0017
0017
0004
044A

0474
044A

CR
JNE
HOVB
LI
BL
Bl
DATA
LI
BL
Ll

WLOGBFE MOV
JEQ
Bi.
BL
Bi.
DATA
JMP

WFIN B

x

*

*R0,OCR
WLOOPS
@CR ., *R1
RO,BUFFER
AaMSGOUT
3DTH
DTHO3
RO,MSGE0
®MSGOUT
R4,LABEL4
*R4+ RO
WFIN
BMSGOUT
BINPUT
@DTH
DTHO3
WL.00P&
#*R7

ROUTING © DATACE
* THIS ROUTINE PERFORMS DATA ACQUISITION AND UPDATES
THE RUN NUMBER IN THLC PATIENT MASTER FILE. IF

I

(VER 08/09/81)

END OF RUN NUMBER?

NO, CONTINUE

PUT ENDING LABEL

RO POINTS TO TEXT BUFFER
QUTPUT TEXT BUFFER

STORE TEXT 70 DISK

: OUTPUT MSGS0

4o ac asmeos o

R4 POINTS TO LABEL4

GET MESSAGE POINTER

IF END OF MSG GOTO WFIN
QUTPUT MSG POINTED BY RO
GET USER'S ENTRY

STORE TO DISK

AGAIN
EXIT

+ 0OR THE PATIEZNT WILL BE CREATED.

DATACH 4OV
LI
BRI
LT
EL
BL
CB
JHE

[}
%8

Bl

R11.R8
RO, M5G09

T IMSGOUT

RO.MSG12
IHSGOUT
@INPUT
BBUFFER, dYES

aLp

RO MSG13
IMSGOUT
R10.DTHCMD
8SETUPY

ID

BSETUP2
FNAME
BCR,#R10
®DTH

DTHCMD
R10,DTHCMD
JGETUP

AF ‘
@SETUPZ2
FNAME
@BLANK, #R10+
@FOUR, *R10+
BFOUR, *R10+
BCR,#R10
8DTH

DTHCMD
SOPEN

®DTH

DTHO1

.

*
* THE PATTIENT IS5 NEW TO THE SYSTEM, A NEW MASTER FILE
¥

¢ SAVE RETURN ADDRESS

¢ RO _POINTS TO MSGOS3

24 a0 bewe

QUTPUT MSG09

RO POINTS TO MSG12
OUTPUT MSG12

GET REPLY

: NEW PATIENT?

D

NO, GO 70 OLD

RO _POINTS TO MSG13
QUTPUT MSG13

R10 POINTS TO DTHCMD
SET UP COMMAND

SET UP FILE NAME FOR ID
FILE NAME

PUT ENDING MARK

CALL DTH FOR ID COMMAND
ADDRESS FOR COMMAND

R10 POINTS 70O DTHCMD
SET UP AF COMMAND

SET UP FILE NAME

LEAVE A BLANK
SET THE FILE TO 44 SECTORS

SET UP THE ENDING MARK
CALL DTH FOR AF COMMAND

OPEN FILE NO. 1
CALL DTH FOR PF COMMAND

67
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0678
067C
067E
0680
0684
0688
068C
068E
0630
0634
0696
06394
069C
069E
06A2
06AR4
06A8
06RA
06AC
06BC
06B4
06B6
06BA
06BC
06C0
06C4
06C8
06CA
06CE
06D2
06D6
06D8
06DC
06DE
0cE2
06E6
0GES8
06EAR
06EC
06EE
06F0
06F2
06F6
06FA
06FE
0700
0704
0706
0704
070E
0710
0714
0716
071A
071E
0722
0726
0728

GAIT

0204
04CS
C034
06A0
06A0
06A0
0078
0585
0285
11F4
06A0
0073
0585
0285
11F 9
06A0
0084
04C0
€800
D820
0142
06A0
0078
0420
06A0
105F
0200
06A0
06A0
06A0
0084
06A0
0070
C1Aa0
0205
8146
1202
5185
10FA
8146
1645
0200
06A0
06A0
0082
06A0
0080
6204
06A0
000D
06A0
01E2
DEAQ
DEAQ
D6AD
06A0
01C2
020A

DATA ACOUTSTTION - PART 1

0032

0436
0422
044A
g0oA

044aA

602¢C
044A
0140
0004
0444

6000
04B2

0244
0436
0474
0444

0444

0140
06006

03AB
0436
0444

044A

01C2
045C

0466
0007
0015
0004
044aA

01C2

DLOOP1

DLOOP2

OLD

OLDLP1

OLDFIN

R4, LABE].1
RS

*R4+ RO
IMSGOUT
BINPUT
3DTH

DTHO3

RE

R5,10
DLOCPY
®DTH

DTHO3

RS

RS, 44
DLOOP2
8DTH

DTHOE

RO

RO, 3BUFFER
BCR.,IBUFFER+2

3DTH

DTHO3
8SAMPLE
@WRAPUP
DEXIT
RO.MSG14
BHSGOUT
®0PEN

3DTH

DTHOE

ADTH

DTHO?2
BBUFFER,RE
R5.6

R6.RS
OLDFIN

RS .RE
OLLDLP1
RE,R5
OLDO1

R M5641
@MSGoUT
aDTH

DTHGS

a@DTH

DTHO4
R10,DTHEMD
@SETUP1

ID

@SETUP2
FNAME
@SLASH, *R10+
8TWO, *R10+
@CR,*R10
aDTH :
DTHCMD
R10,DTHCMD

R S

@ e 00 0s sesevs st s ae e

68
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R4 POINTS TO LABEL TABLE
INITIALIZE COUNTER

POSITION 70O PROPER LABEL
QUTPUT MSG POINTED BY LABEL
GET OPERATOR'S ENTRY

CALL DTH TO OUTPUT 1 RECORD

END OF LABEL TABLE?
NO. CONTINUE
INITIALIZE OTHER SECTORS

JPDATE COUNTER

END OF FILE?

ND. CONTINUE

POSN FILE 1 TO SECTOR 10

INITIALIZE RUN NO.
STORE RUN NO. TO BUFFER
SET UP ENDING LABEL

STORE RUN NO. TO FILE
JUTPUT A RECORD
SAMPLE AND STORE DATA
SET DATE AND COMMENTS
GO TO EXIT

RO POINTS TO MSG14
QUTPUT M5G14

OPEN FILE NO. 1!
POSITION 70 SECTOR 10

READ PREV RUN NO.

PLACE PREV RUN NQ.
MAXIMUM & RUNS
GREATER THAN 6

NO, GG TO OLDFIN
YES, SUBTRACT 6 FROM R6
TEST AGAIN

R6=6 7

NG, GO TO OLDOt

RO POINTS TO MSG41
QUTRUT MSG41

CLOSE ALL FILES

RESET DISKS

R10 POINTS TO DTHCMD
SET UP ID COMMAND

PLACE FILE NAME

PUT A SLASH

DRIVE NO. 2

ENDING LABEL
INITIALIZE A NEW DISK

R10 POINTS TO DTHCHMD

T0 R6
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g72C
0730
0732
0736
0738
073C
0740
0744
0748
074A
074E
0752
0756
075A
875C
0760
0764
0768
076C
0770
0774
0776
0778
077C
0780
07384

0736
0784
0738E
0792
0796
073A
079E
07R2
07A6
07A8
07AaC
07AE
07B0
07B4
07B6
07BA
07BE
g7C2
07C4
07C8
07CA
07CE
07D2
07D6
07DA

GAIT

06A0
000B
06A0
01E2
DEAG
DEAOG
DEAQ
06A0
01E2
DEAQ
DEAD
D6AO
06A0
01C2
0200
06A0
0200
U6A0
06A0
9820
0068
16F6
06A0
0420
06A0
0458

02E0
0200
06A0
0200
06A0
06A0
0200
0202
DC32
9812
1601
0582
9812
16F8
D420
0200
0201
DC31
9811
16FC
D420
0200
06A0
0200
06A0

DATA ACQUISITION - PART 1

045C
0466

0007
0013
0009
0466

0007
0015
0004
0444

03D3
0436
0405
0436
0422
0140

0474
06BE
04B2

0100
00%4a
0436
00C4
0436
0422
01EB
0140

0007

0004

0004
01F2
0140

00604

0004
00DC
0436
00F3
0436

OLbLP2 (I

0Lbo1

BL
DEXIT B
+*

BSETUPT

CF

@SETUPZ2
FNAME
@SLASH, *R10+
®7ERO, *R10+
®BLANK, *R10+
8SETUP2

-FNANME

BSLASH.*R10+
@TWHO, *R10+
BCR,+R10
@DTH

DTHCHD
RO.MSG42
AMSGOUT
RO,.MSG43
AMSGOUT
@INPUT
3BUFFER, dYES

JLDLP2
BIOPEN
@SAMPLE
@WRAPUP
*R8

#* MAIN PRNOGRAM: MAIN
* THIS 1S A BASIC MONITOR WHICH PERFORMS THE
* INITIALIZATION AND QUERIES THE OPERATOR FOR

* A DESIRED FUNCTION.

2s 00 0s e

“s o arwe

20 0s a0 b0 00

69
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SETUP CF COMMAND
FIRST FILE NAME

PLACE. A SLASH
DISK DRIVE NO. 0/1
LEAVE A BLANK
SECOND FILE NAME

LEAVE A SLASH
DRIVE NO. 2
ENDING LABEL

GO TO CF COMMAND

RO _FOINTS TO MSG42
OUTPUT MSG42
RO POINTS TO MSG43

GET USER’'S RESFONSE
READY?

WRIT AGAIN

OPEN FILE 1

SAMPLE AND STORE DATA
SET DATE AND COMMENTS
EXIT

IT GATHERS PARAMETERS AND

* TRANSFERS CONTROL 10 AN APPROPRIATE ROUTINE.

¥
MATIN LWPT

.1
BL

MLOGP!1

NEXT CB

MLOOP2

MAINWP

RO .MSGO1
AMSGOUT
RO,MSGO2
AMSGOUT
®INPUT
RO,DATE
R2,BUFFER
*R2+ ,*R0+
*R2 . ®SLASH
NEXT

R2
*R2.,8CR
MLOOP1
8CR,*R0O
RO.DATE?
R1,BUFFER
#R1+,*R0+
*R1,8CR
MLOOP2
BCR, #R0O
RO ,MSG03
aMSGoUT
RO.MSGO4
BMSGOUT

.
[}
.
1)
)
.
.
A
*+
.
Al
)
4
.
.
A
A
.
A
.
.
A
.
*
.
4
.
.
A

INITIALIZE WORK SPACE
RO POINTS TO MSGO1

v OUTPUT MSGO1

: RO _POINTS TO MSGO2
¢ QUTPUT MSGO2

i GET REPLY

i GET DATE BUFFER

POINT TO INPUT BUFFER

v MOVE ONE CHARACTER
; A SLASH?

¢ YES, GO TO NEXT

¢ UPDATE COUNTER

; END OF DATE?

v NO, CONTINUE

¢ PLACE ENDING LABEL
3 POINT TO DD/MM/YY
: POINT TO INPUT BUFFER
y MOVE ONE CHARACTER
+ END OF DD/MM/YY?

: NO. CONTINUE

; PLACE ENDING LABEL

RO POINTS TO MSGO3

: OUTPUT MSGO3
¢ RO _POINTS TO MSGO4
3 OUTPUT MSGO4
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07D
07t
07E
07¢
07E
07F
07F

7F
07F
080
080
080
080
080
086
081
081
081
081
082
082
082
082
082
082
083
063
083
083
083
084
084
064
€84
084
085
085
085
085
085

oooAa
01C0
0608
0784
0068
0082
01C2
0852
0020
#000E
0060
0596
07A6
0830

4

£

)
A
£
2
()
A
£
0
4
&
8
A
C
0
4
8
C
0
4
6
A
C
E
0
4
(5
A
C
0
4
8
C
£
0
2
&
A
C

GAIT DATA ACQUISTTION - PART 1

0200 0110 LT RO, MSGOS

06AR0 0436 BI. MSGAUT

0200 0134 LI RO .MSGOE

06A0 9436 Bl IMSGOUT

0200 0152 MAINOYT LT RO,M5G07

06A0 0436 BL. BMSGOUT

06A0 0422 HLOOP4 EL ®@INPUT

C020 0140 MOV ®BUFFER,RO

0980 SR RO.8

0201 0024 i1 R1,TABCMD

Cc231 SEARCH MOV *R1+,R¢

1325 JEQ  ERROR

8C40 C RO.#R1+

16FC JNE  SEARCH

0200 026D L1 ROLMSG1S

06A0 0436 Ri. SMSGOUT

06A0 0422 BL @INPUT

0200 01E2 LI RO, FNAME

0201 C1'EB L1 R1.DATE

0202 0140 i1 R2 ,BUFFER

DC32 MLOOP3 MNVYB  #R2+,*R0+

9812 0004 C #R2 ,ACR

1302 JEQ  MNEXT!

8040 C RO,R1

11FA JLT  MLOGP3

DC20 0004 MNEXT! MOVB OCR.=RO+

06398 Bl. *RY

06A0 044A Bl 3DTH

0082 DATA DTHOS

0200 028B L RO,MSG16

06A0 0436 BL. AMSGOUT

06A0 042 BL BINPUT

9520 0140 Ch BBUFFER.®YES

0008

13CF JiQ  MAINO1

2C00 XOoP 0,0

0200 017E ERROR LI RO, MSG03

06A0 0436 BL MSGOUT

10CD JitP MLOGP4

00 END  MAIN
AF 0009 1P RILANK ngzz LP
BOUND2 0140 DA RUFFER  000B LP
DATACG #0120 DA DATAWP  01EB LA
DEXIT 067E LP DLOOP1 06396 LP
DTHO1 0070 DP  DTHO2 0078 DP
DTHOS (084 LP DTHO6  =008B DP
DTHCMD  0OC LP DU *001B LP
ERROR  *0018 LP FIVE 01E2 LA
HUNDRD 000D LP ID 0426 LP
IR 0032 DP LABEL1 0048 LP
LABEL 4 0005 LP LF 002C RP
LOOP02 0786 LP  MAIN 07EE LP
MLOOP1 07C2 1P MLOOP2 0824 LP
MNEXT! f4A2 DP MOD 04A6 LP

(VER 08/09/81)

R R R I P I T I T

P R P

P

P I Y R R

BLANKS
CF
DATE
DLOGP2
DTHO3
DTHG7?
EIGHT
FNAME
INLP
LABELZ
LIST
MAINO1
MLOOPS
MOD1

RO POINTS TO MS6GOS
QUTPUT MSGOS

RO POINTS TO MSGO6
OUTPUT MSGO6

RO POINTS TO MSGO7
OUTPUT MSGO7

GET REPLY

STORE REPLY

RIGHT JUSTIFY

70

POINT TO TABLE OF COMMANDS

SAVE ADDRESS PTR IN RS
ERROR IF TABLE EXHAUTED
COMPARE TO USER'S ENTRY

NOT MATCHED, SERACH AGAIN

RO POINTS TO MSG1S
QUTPUT MSG15S

GET REPLY

RO POINTS TO FILE NAME
PTR rOR END OF FILE NAME
R2 POINTS TO BUFFER
MOVE ONE CHARACTER

END OF FILE NAME?

YES, GO TO MNEXTH

NO, CHECK MAX LENGTH
CONT IF MAX NOT REACHED
SET UP ENDING MARK

GO TO CHOICE

CLOSE ALL FILES

RO POINTS TO MSG16
QUTPUT MSG16
GET OPERATOR'S REPLY
COMPARE TO USER'S ENTRY

IF YES, START AGAIN
NO, RETURM TO MONITOR
RO POINTS TO MSGO8
QUTPUT MSGOE

START AGAIN

END OF PROGRAM

0140
0004
01F2
044A
0080
0095
#0006
0017
0422 DP
0054 LP
058a LP
0100 LA
07F6 LP
04AE LP

LA
DP
LA
DP
LP

LP
LpP

BOUND 1
CR
DATE!
DTH
DTHO4
DTH1O
ENSIGN
FOUR
INPUT
LABEL3
L00PO1
MAINWP
MLOGP4
MODRTN
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009A |

0110
013E
021D
02B3
02DB
031A
0355
*(389
0408
#001C
06£2

048E

0000
#000C
0002
0006
#0011

0804

0012
#0000
0015

0542

05r2

MSGO1
MSGOS
MSGO3
MSG13
MSG20
MSG24
M5G23
MSG32
MSG40
MSG50
NINE
OLDLP1
OPENLP
RO

WLOOP2
WLOOPG

ACQUISITION - PART 1

00C4
0134
+01BA
0244
02C3
02EA
032k
036R
03AB
043E
06Ch
0764
*000F
0001
*000D
+0003
0007
01FC
045C
#0019
0024
on2
0585C
04B2

LP
LP
DP
LP
LP
I.P
LP
LP
LP
bP
P
LP
LP
I.A
LA
LA
LA
DA
DP
LP
LP
RP
LP
PP

MSG02
MSGOE
MSG10
MSG14
MSG21
MLG25
MSG29
MSG3:
15641
MEGLP2
aLD
OLDLP2
OR

R1

R13

R3

R7
RNUM
SETUPT
SIX
TABCMD
UPDATE
WL O0P3
WRAPUP

00DC
0152
*01D8&
026D
02¢C39
02FB
#0336
0375
03D3
0436
077¢C
0014
*(085C
000A

#000E i

0004
goos
O1FE
0465
0007
001E
0606
65C0
0008

LP
LP
DP
LP
LP

(VER 08/09/81)

MSGO3
MSGO7
MSG11
MSG15
MSG22
MSG26
MSG30
MSG34
MSG42
MSGOUT
OLDo1
ONE
PART1
R10
R14

R4

Ra
RNUM!1
SETUP2
SLASH
TEN
WFIN
WLOOP4
YES

00F3
017E
C1F4
028B
02D2
0308
*(0346
037F
0405
G7B0

OGEE i

0474
#0010
000B
*000F
0005
0003
077E
*001A
046A
#0016
04E8

05CC |

0013

MSGO4
MSGO8
MSG12
HSG16
MSG23
MSG27
MSG31
MSG35
MSG43
NEXT
OLDFIN
OPEN
PF

R11
R1S

RS

RY
SAMPLE
SEVEN
SLP
THREE
WLOGP1
WLOOPS
ZERO

71
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0200
0002
0020
0023
0000
06100
1000
2000

0000
0036
00BG&
00D8
0100
011t

ADCDAT  FOU SETTE
¥

72

FAGEL-1 GAIT DATA ACUUISITIUN - PART 2 (VER 27/04/82)

FITIL "GATIT DATA ACQUISITION - PART 2 (VER 27/04/82)"

PART2  InT
DREG

EXTERNAL REFERENCES
HEF MSGOUT .MSG11.DTH,LAREL1,0OPEN,DTHO1,DTHO2
ReF BUFFER,RNUM,MSG30,MSG31,LABEL 4
REF MSG10,MSG40,MSGS0,MSGLP2, DTHO3
REF  DTHO7.INPUT.CR.DATAWP
¥
4 EXTERNAI DEFINITIONS
#

DEF LIST,UPDATE.SAMPLE

*

£

%+

* RAM DATA BASE
.

AORG 5202,
COUNTL BSS 2 i # OF THRESHOLDS
COUNTC BSS 2 i NUM OF CLOCK PULSES
THRESH 835 2 i THRESHOLD LEVEL
RUNPTR BSS 2 : ADDR FOR DIFF RUN
STEPTR BSS 2 i STEP POINTER
SMRATE BSS 2 : SAMPLING RATE
NUMSAM ESS 2 i NUM OF SAMPLES
NUMCHL BSS 2 i NUM OF CHANNELS
TRICHL LSS 2 ¢ TRIGGER CHANNEL
DELAY BSs 2 : DELAY LOOP INDEX
¥

* A/D INTIRFACES
¥

Sefupr  Fau C7F4
HUXADR  LOU SE7F83
CONVFR  EQu SE7FA
STATUS Zoy SE7FC

SETUP A/D OPTIONS
MULTIPLEX ADDRESS
CONVERSION COMMAND
A/D STATUS

A/D CONVERTED DATA

*9 sc 20000

* ROM DAiA BRSE
¥

ROR: =
YES ° BYTE 'y’ i ASCII CODE FOR YES i
HALF DATA  >0200 y HALF OF CLOCK +VE VOLTAGE
LIMITt UATA 2 ¢ THRESHOLDS T0 START
LIMIT2 DATA >2u + THRESHOLDS TO STOP
WIDTH  DATA >23 ; MIN, VALID SAMPLE WIDTH
NONE DATA 0 ¢ NO OPTIONS
WANTED DATA >0100 ; NUMBER OF SAMPLES WANTED
OFFSET DATA  >1000 7 STEP OFFSET

START  DATA  >2000 v BUFFER STARTING PTR
*
* LABEL FYILES
E 3
LABELS DATA MSG40
DATA  MSGG0
DATA MSG62
DATA MSGBE3
DATA MSGE4
DATA MSG6S
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001E 0600 DATA O
0020 0180 LABEL7 DATA MSG101
0022 018A DATA MSG102
0024 0194 DATA MSG103
0026 019E DATA MSG104
0028 01A8 DATA MSG105
0024 01R2 DATA MSG106
002C 0000 DATA 0
GO02E 0310 LABEL8 DATA MSG206
0030 028D DATA MSG203
0032 0286 DATA MSG204
0034 02EC DATA MS620%
0036 0000 DATA O
0038 032B LABELS DATA MSG207
003R 0348 DATA MSG208
003C 03SE DATA  MSG20S
003E 0376 DATA  MSG210
0040 02£0 DATA MSG205
0042 0000 DATA O
0044 0001 0031 TABLE! DATA t,'1'
0048 0002 0032 DATA 2,727
004C 0003 0033 DATA 3,73’
0050 0004 0034 DATA  4,'4"
0054 0005 0035 DATA 5,'5”
0058 0006 0036 DATA 6,76’
005C 0007 0037 DATA 7,'7"
0060 0000 DATA 0O
0062 0005 0031 TABLE2 DATA G.'1” ; 25 MILI VOLTS
0066 000A 0032 baTA 10,72’ ¢ 50 MILI VOLTS
006A 0O0O0F 0033 DATA 15,737 y 75 MILI VOLTS
006E 0000 DATA 0
0070 172D 0013 TABLE3 DATA 5923,25,'1° 7 25 HZ
G074 0031
0076 0B7S 0032 DATA  2933.50.'2’ v 50 HZ
007A 0032
007C 073D 004B DATA  1933,75.'3" 1 75 HZ
G080 0033
0082 0539 0084 DATA  1433.100.'4° v 100 AdZ
G086 0034
0088 0215 0OFA DATA 533,250,'S’ ¢ 250 HZ
G08C 0035
008E 00E9 01F4 DATA  233,500.'6° v 500 HZ
£092 0036
00394 0000 onTA 0
X
* SYSTEM MESSAGES
*
0096 0A MSGE0  RYTE  >0A

0097 5354 414E TEXT "STANDARD SYSTEM DEFAULTS ARE: *
0GSB 4441 5244

00SF 2053 5953

O0CA3 5445 4Dp2¢

B0A7 4445 4641

0CAB S554C 5455

00AF 2041 5245

00B3 3A20

00BS 0D BYTE >0D

00BE 2020 312E MSGB2  TEXT ' !. TRIGGER CHANNEL = CHANNEL 1’
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00BA 2020 5452
O0GBE 43947 474
00C2 5220 4348
0CCE 414E 4E4S
00CA 4C20 3D20
OCGCE 4348 414E
00D2 4E45 4C20

0CD6 Gt
00D7 0D 2YTE  >0D ,
00D8 2020 322E MSGSH3 TEXT ' 2. SIGNAL THRESHOLD = 100 MILI VOLTS

$0DC 202C 5349

00EQ 474E 414C

O0E4 2654 4852

00E8 4553 484F

O00EC 4C44 203D

00F0 2031 3030

00F4 264D 494C

00F8 4920 SeaF

00FC 4C54 53

0O0FF 0D BYTE >0D
0100 2020 332E MSGE4  TEXT
0104 2020 5341

0108 4DS0 4C49

C 4E47 205z

0 4154 4520
4
8

3. SAMPLING RATE = 125 HZ'

D20 313z
> 3520 485A
C 0ACD DATA  >0A0D ) ]
E 444F 2059 M5G65  TEXT 'DO YOU WANT TO CHANGE ANY OF THE DEFAULTS? (Y/

4FS5 2057
414E 542¢
544F 2043
4841 4E4y
0 414E
53920 4Fac
2054 4845
2044 454¢
5 4C54
533F 2028
592F 4E23

0D BYTE >0D

5452 4947 MSG73  TEXT 'TRIGGER CHANNEL = '
4745 5220

4348 414

4E45 4C20

N)

OOOOCoOoODe S SO0
WWwwporopo Mo
mIodomD o N

o

o

[a%)

<

h
o3
—
o]
(]

BYTE  >0D

0A MSG82  BYTE >0A

2A2A 2A20 TEXT "=#% READY 7O ACQUIRE DATA’
5245 4144

5320 544F

2041 4351

5543 5245

2044 4154

CAQD DATA  >0A0D
5354 4550 MSG101 TEXT 'STEP 1 - '

et e A e L L L L L I A IS IS e
fopRebRonNenkep NUuRUaNTo N Ea BNoN N NN N

OOOOQOOOOOOOQO(‘,OCJODOD
OMOPLsONREWNOSAN A AMDON
o
=

WNN N~y
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et b e et oy b b ik 3 b b b g b b b o b > cn oy b on
WD pDPDIDPPOOWLEOHLWW0OMM
COwT Ao MTO bW MIWD

MMM Mo oS00 oo

COOOOOOOOOOCOOOOCOd OO0 OOOED
-
WUIDWTMWD WO — S DA — WU —

e L Y gy ey IR e G Gy

OO
NI PO —
<o M
Clea O

o]
o
<
w

020D.

020E
020F
6213
0217
021B
021F
0223
0227
0228
022E

202D

4550
2020

4550
2020

4550
202D

4550
2020

4550
2020

204D
4F52

3 4FG6

464C
4544
2053
504C
4720
5445
4F 4F
4153

4E49
4544

2R20
4F52
4720
5441
4F20
534B

2A20
5641
4420
5055
2020
£s2n
4149

MsG102

MSG103

MSG104

MSG105

MSG16G6

MSG110

MSG111

MSG112

MSG120

BYTE
TEXT

BYTE

TEXT

BYTE
TEXT

RYTE
TEXT

BYTE
TEXT

BYTE
BYTE
TEXT

BYTE
TEXT

BYTE
BYTE
TEXT

BYTE
BYTE
TEXT

BYTE

>0D
"STEP

[A)
!

>0D
'STEP

(€8]

>0D
'STEP 4 -

>0D
'STEP

[8a]

>0D
"STEP & - 7

»0D
>0A
"#% MLCMORY OVERFLOWED - SAMFPLING RATE T0OQ FASTS

>0D
"FINISHED'

>0D
>0A
"#»% STORING DATA TO DISK'

>0D
>0A
"#x% INVALID INPUT - TRY AGAIN: '

>0D
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022

0230
$234
0238
023C
0240
0244
0248
024C
024E
024F
0250
6254
0258
025C
0260
0264
0268
026C
026t
026F
0270
0274
0278
027C
0280
0264
0286
026C
028D
028E
0292

0296 3
0298 G

023t

02A2 S

02A6

0ZRA 3

Z2AE
02B2
02B5
02B6
C2BA
02BE

02C2

02€C6
02Ch
02CE
0202
02D6
02DA
02DE
02E0

02E4
0ZES8
02EC
02F0
02F 4

0A

4348
4745
5249
4552
4841
454C
2859
2320
0D

0A

4348
4745
4852
4G4F
204C
454C
2859
2920

414E
2054
4747
2043
4E4F
3F20

2F 4E

414E
2054

4553

LChy4
4556
3F20
OF 4F

414E

, 2053

504C
4720
5445
2859

- 2920

312E
203z
4854
202z
2024
2045
2020
202¢
3520
3B

342E

L 3130

485A
2025
2032
20483
2020
2020
3020
2E

4C45

2054
204E
4245
4183
4349

MSG200

MSG201

M5G202

M5G203

MSG204

MSG205

BYTL
BYTE
TEXT

BYTE
BYTE
TEXT

BYTE
BYTE
TEXT

BYTE
TEXT

DATA
TEXT

(1A
"CHANGE TRIGGER CHANNEL? (Y/N) '

>0b

>0A

"CHANGE THRESHOLD LEVEL? (Y/N) '

>0D

>NA

"CHANGE SAMPLING RATE? (Y/N) '

>0D

>0A

o 25 HZ:, 2 50 HZ: 3 75 HZ:'
>0D

"4, 100 HZ:y 5. 250 HZ:; b©6. 500 HZ.'
>0A0D

"SELECT THE NUMBER ASSOCIATED WITH YOUR CHOICE:
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02F8
02FC
0300
0364
0308
030C
030F
0310
0311
(315
0319
031D
032
032
0329
032A
032B
032C
0330
0334
0338
033
0340
0344
0347
0348
0349
34D
0351
03t5
0359
035D
035t
362
0365
036A
036E
0372
0375
0376
037A
037E
0332
0386
038A

036C
0390

3392
0394
0336
0398

4154
2057
4820
5552
484F
453A

0200
8006
1202
6180
10FA
045B

4544
4354
594F
2043
4943
20

4D50

G 4E4LT

4154
2041
434C
4C45

5245,
4F 4C
4C45
4CS%
5641
4142

L 3A

312E
3235
434C
EQ4F
K32C

322E
3530

) 494C

S64F
532¢C
52

332E
3735
4384C
564F
532E

0006

BYTE >0D
56206 BYTE >0A
TEXT "SAMPLING RATES AVAILABLE:'
28YTE >0D
MSG207 BYTE >0A
TEXT "THRESHOLD LEVELS AVAILABLE:"
BYTE >0D
MSG208 BYTE >0A
TCXT * 1, 25 MILI VOLTS, '
EYTE >0D
MSG203 TEZXT ' 2. 50 MILI vOLTS, OR'
EYTE 0D
MSG210 TEXT ' 3. 75 MILI VOLTS.'
DRTA  >0A0D
*
* ROUTINE: MOD6
* THIS ROUTINE TESTS A NUMBER AND DECIDES WHETHER
# IT IS NECESSARY 7O SUBTRACT 6 FROM THE NUMBER,
#+ THE ROUTINE KEEPS ON SUBTRACTING & FROM THE NUMBER
+ UNTTL THE RESULT IS LESS THAN OR EQUAL T0O 6.
‘+
MODS LT R0O.6 ¢ MAXIMUM & RUNS PER DISK
C R6,R0 s OVER 6 7
JLE  MODFIN ; NO, RETURN
g RO.R6E y YES, R6=R6-6
JnP MOD& + CONTINUE
MODFIN B #R11 ¢ EXIT

77
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039A
039C
03A0
03a4
03A8
03AC
03AE
03B2
03B4
03B6
03BA
03BE
03C0
03C4
03C8
03CA
03CE
03D0
03D4
03D8
03DC
03E0
03E4
03E8
03EC
03F0
03F2
03F€
03FA
03FC
03FE
0402
0404
0408
040C
040E
0412
0416
0414
041E
0422
0424
0426
042A
042E
0430
0434
0438
043A
043C
043k

C20B
0200
06A0
06A0
06A0
0000
0204
C034
130A
06A0
06A0
0000
0200
05A0
10F 4
06A0
03BE
C1A0
06A0
C306
0200
06A0
0200
05A0
J6A0
03Ct
0200
06A0
0606
15F7
06A0
8000
CiAo
06A0
03F0
0200
06A0
0200
06A0
020A
CO03A
130A
06A0
06A0
040C
0200
06A0
10F4
0606
15E5
0458

0000
0000
0000
0000

00090

03A2
03AA

0000
0000

03BC

03C2
038C
0600
0000
03B8
0000
03E2
03CC

03D2
03ERA

03EE

03DA
0400

03F4
03F8
0000
0414
0000

041C
040A

0410
03C6

4+
* ROUTINE: L1371
# THIS ROUTINE _ISTS A PATIENT'S

¥
LTIST

LSTLP

LSTFN1

LSTLPZ

LSTLP4

LSTFN2

X

My
I
B
b
BL
DATA
LI
Moy
JEQ
BL

i
—

DATA
LI
BL
JiP

Ll
MOV
JEQ
BL
BL
DATA
Ll
B
JMP
DEC
JGT
B

R11,R8

RO (MSGT1
BMSGOUT
A0PEN
BDTH
DTHO1
R4,LABEL1Y
*R4+ RO
LSTFN1
AMSGOUT
@DTH
NTHO2
RO,BUFFER
IMSGLP2
LSTLP?
ADTH
DTHOZ2
BRUFFER,RGE
@M0oDe

RE, BRNUM
RO MSG30
BMSGAUT
RO .MSG31
IMSGOUT
®DTH
DTHOZ

RO .BUFFER
MSGOUT
RG&

LSTLPZ
®DTH
DTHO7
BRNUM RS
8DTH
DTHO2

RO ,BUFFER
@MSGOUT
RO, HSGSO
@MSGOUT
R10.LABEL4
*R10+,RO
LSTFN2
BSMSGOUT
8DTH
DTHO2

RO .BUFFER
BMSGLPZ2
LSTLP4

R&

LSTLP3
*R8

* ROUTINE: UPDATE

se v v0oe an

P

4o vs ae ss e as e e

PR P RPN

24 20 st 20 002000 00

b 200 b0 0

78

MASTER FILE.

SAVE RETURN ADDRESS

RO POINTS TO MSG11
QUTPUT MSG11

OPEN FILE 1

POSN FILE 1t TO SECTOR O

R4 POINTS TO MSG FILE
QUTPUT ONE LABEL
GO TO LSTFN?' IF FINISHED

READ ONE RECORD

GET MESSAGE PTR
LIST ONE RECORD
CONTINUE

READ FPREY RUN NO.

KEEP PREV RUN NO.

GET LOOP INDEX

DITTO

GET MSG30

QUTPUT MSG30

GET MSG31

QUTPUT MSG21

READ RUN NO. AND DATE

RO POINTS TO BUFFER
LIST RUN NO. AND DATE
FINISHED?

NO, CONTINUE

POSN FILE 1 TO SECT 20

GET PREV. RUN WNO.
GeT COMMENT TITLE

QUTPUT COMMENT TITLE
RG POINTS TO MSGGO
QUTPUT MSGS0

R10 POINTS LINE NO.
UPDATE POINTER
IFf END OF LST, TO LSTFNZ
LIST LINE NO.

GET COMMENT LINE

POINT TO COMMENT LINE
CUTPUT COMMENT LINE
CONTINUE

FINISED?

NO, CONTINUE

EXIT

* THIS ROUTINE UPDATES THE PATIENT'S MASTER FILE:
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0440
0442
0446
044n
G44E
0452
0454
0458
045A
045C
0460
0464
$468
046A
046C
0470
0472
0474
0478
0478
047C
0480
0482
0486
048A
048E
0430
0494
04396
0494
049C
04A0
04A4
04A8
04AC
04B0
04B2
04B4
04B8
04BC
64CU
04C2
04C4
04C8
04CA
04CC
04D0
04D2
04D4
04D6
04D8

€208
0200
06A0
06Aa0
06A0
03AC
0204
C034
1310
06A0
06A0
9820
000¢
1304
06A0
0000
10F2
06A0
042E
10EE
06A0
0478
C1AQ
0BA0
06A0
0402
06A0
0480
0200
2C80
0200
06A0
0200
06A0
0204
C034
1310
06A0
06A0
9820
0468
1304
06A0
0470
10F2
06A0
0494
10EE
0606
15DC
0458

0000
0428
03A6
042C

03B0
0448

0000
0432

0450

046E

0476

0466
038C
047E

048C
000A
0484
045E
0418

04A2
0420

04AA
0462
049E

04392

04C6

%
3*
*
# RETURN TS ENTERED.
3
UPDATE MOV R11,R8
I.1 ROMSG10
BL. BMSGOUT
BL BOPEN
BL 3DTH
DATA  DTHO!
i1 R4,LABEL1
UPLR1 MOV R4+ ,R0
JED  UPFING
RL GMSGOUT
BL ATNPUT
CR ®BUFFER.®CR
JEQ UNEXTH
. @DTH
DATA  DTHOS
JMP - UPLPY
UNEXTT  BL ®DTH
DATA  DTHO2
JMP UPLPY
UPFINT  BL ADTH
DATA  DTHOZ
MOV BBUFFER.RE
Bi. &MOD6
Bl aDTH
DATA  DTHO7
UPLPZ  BL ADTH
DATA  DTHOZ2
Ll RO.>0A
ouT RO
L1 RO,BUFFER
Bi. AMSGOUT
LT RO (MSGLO
BL @MSGOUT
il R4,LABEL4
UPLP3 MOV *R4+,R0
JEQ UPEINZ
B AMSGOUT
BL STNPUT
(R @BUFFER.®CR
JUO UNEXTZ2
BL WDTH
DATA  DTHO3
JHP UPLP3
UNEXT2 B @DTH
DATA  DTHOZ
JMp - UPLP3
UPFIN2 DEC RE
JGT  UPLPZ
B *R8

¥*

* SUBPROGRAM: SAMPLE

(VER 27/04/82)

PP

vo wes sswe an

79

IT L1875 THE FILE ONE ITEM AT A TIME AND ASKS
THE OPERATOR TO ENTER THE NEW INFORMATION.
INFORMATION WILL REMAIN THE SAME IF ONLY A CARRIAGE

THE

SAVE RETURN ADDRESS
RO _POINTS 70 MS610
QUTPUT MSG10

OPEN FILE 1 :
POSN FILE 1 7O START

R4 POINTS T3 MSG FILE
ADVANCE MSG POINTER
GOTOC UPFINT IF FINISED
QUTPUT LABEL

GeT USER'S RESPONSE

NO CHANGE?

NEXT RECORD
STORE THE INFO TO DISK

CONTINUE
UPDATE SECTOR NO.

CONTINUE
GET PREV RUN NO.

STORE PREY RUN NO.
GET LOOF INDEX

; POSN TO ScCTOR 20

“e o0 a0

GET COMHMENT LABEL
LINE FEED

POINT TO COMMENT LABEL
QUTPUT LABEL

GET UNDERLINE

OUTPUT UNDERLINE

R4 POINTS TO LINE NO.

GET LINE NO.

Ir END OF LIST. FINISHED
QUTPUT LINE NO.

GET USER'S RESPONSE

NO CHRANGE?

YES. GOTO UNEXTZ

STORE COMMENT

CONTINUE
JPDATE SECTOR wNO.

CONTINUE
UPDATE INDEX
IF MORE, CONTINUE
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04DA
04DC
04DE
04E2
04E4
04E8
04ER
Q4EE
04F2
04Fb
04FA
04FE
0502
0506
0504
050E
0512
0516
0518
0S1A
0S1E
0520
0524
052&
N&2A
052C
0530
0534
0538
053C
053E
0540
0544
0548
054C
0550
0552
0556
0558
0554
055C
055E
0562
0564
0568
056C
056E
0572
0576
0574
G57E
0580
0582
0586
0588
058A
058E

0000
04DE
Ccozo
04F 0
0280
12FC
0200
€800
0200
Ceoo
0200
€800
0200
€800
0200
€800
0204
C034
1303
06A0
10FB
06A0
9820
0000
166C
g200
06A0
06A0
3620
00C0
1617
0200
06A0
06A0
Co20
0380
0201
COF1
1305
ac40
16FC
€803
1005
0200
06A0
10ED
0200
06A0
06A0
3820
0000
161A
0204
C034
1303
06A0
10FB

0010
7FFE

0007
0210
0014
0206
046D
0214
607D
0620C
0001
0212
0012

04B6

04BA
04BE

022fF
051C
0522
0526

0150
0532
0536
053A

0044

0212

020E
0546

024F
0564

054A
054E

0038

0574

4
SAMPLE

SAMO1
LOOPOY

SAMPL1
SNEXT1

SLOOP1

AGNG 1

SLOOP2

ERROR?

NEXTO1

SLOOP3

DATAWP
SAMO 1
@START,RO
*RO+
RO>7FFE
LO0PO1
RO,7

RO, @NUMCHL
RG,>0014
RO, 3THRESH
R3,1133
RO, ®DEILAY
RO,125

RO, 8SMRATE
RO,1

RO, 3TRICHL
R4,LABELS
*R4+ ,R0
SNEXT1
aMsSGouUT
SAMPL1
@INPUT
SBUFFER.®YES

SNEXT2

R0, M5G200
aMSGoUT
@INPUT
SBUFFER.,BYES

NEXTO!
RO.MSG73
BMSGOUT
@INPUT
¥BUFFER.RO
RO.8
R1,TABLE!
*R1+.R3
FRROR1

RO, 2R1+
SLOgR2
R3.8TRICHL
NEXTO01
RO.MSG120
AMSEOUT
AGND 1
RO.MS56201
®MSGOUT
SINPUT
®BUFFER,®YES

NEXT04
R4.LABELS
*R4+ RO
NEXTOR
@MSGoUT
SLOOPS

TR IET

80

WF FOR SAMPLE

STARTING PTR FOR SAMPLE
BUFFER STARTING PTR
CLEAR ONE BUFFER LOCN
LAST ONE?

NO, CONTINUE

NO. OF CHANNELS = 7

THRESHOLD = 100 MV

DELAY INDEX FOR 125 HZ
SETUP DELAY INDEX
SAMPLING RATE = 125 HZ

CHANNEL 1

TRIGGER CHANNEL = 1

R4 POINTS 7O FILE LABELS
ADVANCE POINTER

IF FINISHED, GOTO SNEXTI1
OQUTPUT ONE MESSAGE
CONTINUE

GET USER'S RESPONSE

NO CHANGE?

¢ YES, GOTO SNEXTZ

QUTPUT MSG200
GET RESPONSE
NO CHANGE?

YES, GOTO NEXTO!

QUTPUT MSG73

GET OPERATOR’'S ENTRY
GET CHANNEL NO.
RIGHT JUSTIFTED

GET TABLE!

KEEP ADDRESS

IF ERROR GOTO ERRORT
MATCH CHANNEL NO.

IF NOT MATCHED, AGAIN
SET TRIGGER CHANNEL
CONTINUE NEXT STEP

QUTPUT MSG120
TRY AGAIN

QUTRPUT M5G201
GET RESPONSE
NO CHANGE?

YES, GOT0 NEXT04

R4 POINTS TO LABELS
ADVANCE POINTER

END OF FILE?

QUTPUT ONE MESSAGE
CONTINUE



I’AGE-10

0530
0594
0598
0594
0S39E
05A0
05A2
05AR4
05A6
05AA
05AC
0SB0
05B4
05B6
05BA
0SBE
65C2
G5C6
05C8
05CA
0SCE
05D0
05D2
05D6
05D8
05DC
GSEQ
05e2
05E6
05E8

GAIT

06A0
€020
0980
0201
COF1
1305
8C40
16FC
€803
1005
0200
06A0
10ED
0200
06A0
66A0
3820
000¢
161D
0204
C034
1303
06A0
10FB
06A0
€020
0580
06201
COF1
1308
C131
8C40
16FB
€803
C804
1005
0200
06A0
10EA
0200
06A0

€820
0206
€820
E7F4
04C8
co28
06A0
€820
0268
04EQ
820
E7FE
04EC
8820

DATA ACOUISTTION - PART 2 (VER 27/04/82)

0578
057¢C

0062

0206

020E
058C

026F
05B2

0592
0596

002E

05BC

05CO
05¢

0070

0214
020C

020E
05D4

0163
0600

0010
000A
0020
060A
020A

020E
06212

0202
E7FE

NEXTO3

SL00OP4

ERRORZ

NEXT04

SLOOPS

NEXTOS

Si.00PS

ERROR3

SNEXT?2

¥

3

L0orP1
LP10

L.oop2
LOOP3

ACOUIRE DATA

MoV
MO

Ci.R
MOV

!
[

MOV

CLR

MOV

CLR
C

QINPUT
®BUFFER RO
R0.8
R1.TABLE2
*R1+,R3
ERROR?2

RO, ¥R1+
SLOOP4
R3,3THRESH
NEXT04

R0, MSG120
AMSGOUT
NEXTO3
RO,MS5G202
8MSGOUT
AINPUT
OBUFFER,®YES

SNEXT2
R4,LABELS
*R4+ R0
NEXTO05
AMSGOUT
SLOOPS
BINPUT
IBUFFER,RO
R0O.8
R1.TABLE3
*R1+.R3
£RROR3
*R1+,R4
RO AR+
5i.00Ps
R3.BDELAY
R4,8SMRATE
SNEXT2

RO ,MSG120
AMSGOUT
NEXTO05

RO ,MSG82
BMSGOUT

@START,BSTEPTR

@®NONE , @SETUP
R8

BLABEL7(R8) RO

BMSGOUT

SSTEPTR, 8RUNPTR

BNUMSAM

@TRICHL,®MUXADR

®COUNTL

SADCDAT . 8THRESH

R

e

o

4P LY e 0 s ee st se s st e st st en.onon o0 se 0n wa

e e

]

[}
.
’

+ RUN NO.

GET RESPONSE

STORE RESPONSE TO RO
RIGHT JUSTIFIED

GET TABLE?2

KEEP ADDRESS

IF ERROR GOTO ERRORZ
MATCH THRESHOLD LEVEL?
NG, CONTINUE

SETUP NEW THRESHGOLD
CONTINUE NEXT STEP

QUTPUT MSG120
TRY AGAIN

QUTPUT MSG202
GcT RESPONSE
NO CHANGE?

YES, CONT SNEXT2

R4 POINTS TO LABELS
ADVANCE POINTER

END OF FILE?

QUTPUT ONE MESSAGE
CONTINUE

GET RESPONSE

STORE RESPONSE TO RO
RIGHT JUSTIFY

R1 POINTS 70 TABLE3
GET DELAY INDEX

IF ERROR GOTO ERROR3
GET DELAY INDEX
MATCH SAMPLING RATE
IF NOT MATCHED, AGAIN
SETUF DELAY INDEX
SETUP SAMPLING RATE
CONTINUE NEXT STEP

QUTPUT MS5G120
TRY AGAIN

QUTPUT MSG82

I STARTING PTR

; DUTPUT A MESSAGE

SETUP RUN POINTER

i NO SAMPLES = 0

L)

i GET TRIGGER CHANNEL

s CLEAR THRESHOLD COUNTER

*

: HIGHER THAN THRESHOLD?

81



I’AGE-11

063A
063C
063E
0642

- 0646

0648
064A
064C
0650
0654
0658
065C
0660
0664
06686
06cA
8&6C
0670
0674
0676
0678
667C
067¢t
0682
0684
0636
068A
G63E
0630
06392
0634
06398
069C
06SE

06A0
06A4
06A6
06AA
06AE
06B2
$6B6
06B8
06BA
06BC
06C0
06C4
06C8
06CC

- 06D0

06D4
66D38
06DA
06DC
06E0
06E2
06E6
06EA
06EC

GAIT

0206
11FA
05A0
8820
0064
1301
10F5S
04EQ
€020
0201
€801
€420
0220
0581
0281
12F6
05A0
8820
000C
151
€820
E7FG
8820
0206
1507
05A0
8820
000E
1310
1002
04E0
Cc020
0600
16FE

05EQ
10D%
0200
06A0
0460
8820
0005
1501
10B3
0200
06A0
€020
0220
CC20
€420
AB20
020f
05C8
0288
113C
0200
06A0
0380
]

82

DATA ACOUISITION - PART 2 (VER 27/04/82)

0202
0202

0202
0208
0001
E7F8
E7FE
0200

0007

020E
020E

g212
E7FE

0202
0202

0202
0214

0208

01BC
0620
04DE
020E

01EB
0436
020A
0EQQ
020E
020C
000E

00oC

01F4
06AC

NEXT1
LOOP4

LOOPE

NEXTZ
NEXT3
LOOPE

ERROR

NEXT4

LpP20

JIT
INC
c

oA
JMp
Cl.R
MOy
i1

MY
MoV
AT

INC
CT

JILE
INC

JaT
JMP
LT
BL
MOV
AT
MDY
MoV

THCT
CI
JLT
LT

RTWP

END

L.00P2
®COUNTL
SCOUNTL . BLIMITI

NEXT1

LOOP3
SCOUNTL
BRUNPTR,RO
1,1
R1,8MUXADR
®ADCDAT, #R0
RO.>200

R1

R1,7

L00PS
ANUMSAM
ANUMSAM, BWANTED

ERROR
BTRICHL .@MUXADR

@ADCDAT.®THRESH

NEXT2
SCOUNTL
RCOUNTL . BLIMIT2

NEXT4
NEXT3
@COUNTL
BDELAY.RO
RO

LDOPE

ARUNPTR

LOOP4
RO,MSG110
BMSGOUT

8SAMO1
BNUMSAM, 8WIDTH

LP2n

LP10

ROGMSGT 1Y
AMSGLP2
@STEPTR.RO

RO, >0EQ0
BNUMSAM. #R0+
BSMRATE . +RO
@OFFSET,@STEPTR

R3

R8, 12
LOOP1
RO,MSG112
BMSGOUT

PART2

NO, TEST AGAIN
UPDATE COUNTER
HIGHER THAN LIMIT?

YES, TEST 15 FINISHED
NO, CONTINUE

RESET THRESHOLD COUNTER
SET RUN POINTER

SET CHANNEL POINTER

SET CHANNEL ADDRESS

GET ONE SAMPLE

ADVANCE BUFFER POINTER
UPDATE CHANNEL POINTER
7 CHANNEL?

IF NOT, CONTINUE
INCREMENT NO OF SAMPLES
BUFFER FULL?

YeS, GOTO ERROR
SETUP TRIGGER CHANNEL

LOWER THAN THRESHOLD

NO. CONTINUE
YeS, UFPDATE COUNTER
GREATER THAN LIMIT?

YES. RUN FINISHED

NO, CONTINUE

RESET COUNTER

ADJUST TO 500 HZ

DECREMENT COUNTER

CONT UNTIL COUNTER EXHAUSTED

UPDATE RUN POINTER
CONTINUE
OVERFLOW MESSAGE

START AGAIN
YALID SAMPLE WIDTH?

YES, CONTINUE
ELSE, REDO STEP
FINISHED MESSAGE

GET STEP POINTER
SET POINTER FOR NUMSAHM
STORE NUMSAM

UPDATE STEP OFFSET

JPDATE RUN NO.
LAST ONE?
IF NOT, CONTINUE

OUTPUT MSG112
RETURN TGO INVOKING PROG
END OF PART2
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C7FE
40204
0214
04C8
05AC
0456
002t
#0394
0636
0622
03B2
038C
G18A
01B2
01F4
026F

0310

0376
(14A56
0100
06C2
0590
0694
0210
#3EEE
000B
*000F
*0005
*0009
0516
0556
05E6

0010 L

0062
0474
04D4
gooc

LA
LA
LA
RP
LP
RP
LP
pp
LP
LP
LP
LP
LP
LP

ADCDAT
COUNTC
DELAY
DTHO3
£RROR2
LABEL1
LABELS
LIST
L00P3
LP10
LSTLP1?
MODE
MSG102
M5G106
MSG112
MSG202
MSG206
MSG210
MSGE0
M5G64
MSGLP2
NEXT03
NEXT2
NUMCHL
PART2
R11

WANTED

0548 L

0202
04Ct
048E
0SFA
04AE
0038
04E2
0650
06BC
03EC
03388
01384
03SE
020€
028D
0328
03DE
0096
011E
06ES
05B6

0638 .

020E
Qoo
#000C
#0002
0006
0406
*(4DA
0586
020C
#E7FC
0070
64CcC
0458
noos

T e T e
" Auchushuvins huvlin)

QI e e o r-or-—r
VTP TV UVDLDDDODDTCUOTU e inchavin el

s

L
5]

r-—
Bk

AGNNT
COUNTL
DTH
DTHO7
FRROR3
LABEL4
i_.ABELSY
1.00P01
i 00P4
P20

L STILPZ
MODFIN
MSG103
MGG11
MSG120
M5G203
MsG207
MSG30
MSGE0
MSGES
MSGOUT
NEXTO04
NEXT3
NUMSAM
RO

R12

R2

RS
FNUM
SAMPLE
SL.00FP3
SMRATE
STATUS
TABLE3
UNEXT2
UPLP1
WAIDTH

0SDE
04C0
04L2
06A6
#0002
0012

0004 |

061A
0658
03CA
0408
0444

019

01BC
022F
02B6

0348 i

03E6
00B6
0150
E7F3
0508
06B2
00CE
000
*000D

0003 i

*0007
0208
E7F4
059t
0520
0204
0206

*0440
0430
ooon

BUFFER
CR
DTHO!
ERROR
HALF
LABELS
LIMITH
LO0OP1
L.00PS
LSTFNT
LSTLP3
MSG10
MSG104
M5G110
M5G200
HSG204
MSG208
MSG31
MSG62
MSG73
MUXADR
NEXT05
NEXT4
OFFSET
R

R13

R3

R7
RUNPTR
SETUP
SLOCP4
SHNEXT1
STEPTR
THRESH
UPDATE
UPLP2
YES

*E7FA
04DA
04D0
0564
05DA
0020
0006
0632
069C
043A
0422
0180

C1A8 |

01EB
024F
02E0
035E
0012
0oD8
0163

0S6E |

064C

000A |

044C

000A |

*000E
0004
0008
04DE

*052C

05CE 1

0604

0044 |

0212
047C
04B0

CONVER
DATAKP
DTHG2
ERROR1
INFUT
LABEL7?
LIMITZ
LOOP?2
LOOPE
LSTFNZ
LSTLP4
MSG101
MSG105
MSG111
MSG201
MSG205
MSG209
M5G40
MSGE3
MSG82
NEXTO1
NEXT1
NONE
OPEN
R10
R14

R4

R8
SAMO1
SLOOP1
SLOOPS
SNEXTZ2
TABLE!
TRICHL
UPF IN1
UPLP3
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I'AGE-01 DPag (VER 04/06/82)

Jdi00 REM DBISC PLOT PROGRAM (VER 08/04/82)
U110 REM PROGRAM BY WAYNE BRNODLAND

U120 REM INPUTS FILE NAME, UF TO 7 CHANNEL NUMBERS & THEIR GAINS,
U130 REM QUTPUTS UP T0 SIX STEPS OF THE FILE

J140 REM ONE GRAPH PER CHANNEL. ON ONE SHEET OF PAPER.
015C DIM N$(20),C(16) ,NK(10)

0160 DIM PX(100),XP%(300),YPZ(300)

U170 DIM I%(255),6(10),5(10).DD%(7,255)

0180 DIM AZ(7,3)

0190 PI= 3,14159

J200 FOR I=0 70 93

0210 READ PX(D)

0220 NEXT 1

3230 PRINT

0240 PRINT

0250 PRINT

0260 PRINT

3270 PRINT

9280 REM INPUT PLOT PARAMETERS FROM KEYBOARD
J290 INPUT*FILE NAME" NS

03G0 CLOSE 1

U310 OPEN 1,N%,0,512,48

U320 INPUT"PLOT LCVERY N".SK

033C FOR I=1 TO 7

{340 C(I¥=I

0350 S5(1)=¢

0360 NEXT I

0370 NG=7

0380 NC=7

J390 NS=6

9400 INPUT"DEFAULTS (0/12",1D

3410 IF ID<10 THEN GOTO 440

0420 ID=1D-10C

U430 INPUT"NS, & STEPS".NS,5(1),5(2).5(3),5(4).5(5),S(6)
0440 IF ID=1 THEN GOTO 540

0450 IF ID=2 THEN G6OTO R80

0460 INPUT"6 STEPS "3501),5(2).5(3),5(4),5(5),5(8)
J470 INPUT"? CHANNELS",C(1).C(2).C(3).C(4) . C(5),C(6),C(7)
0480 INPUT"7 GAINS "GO L6(2),603),6(4),6(5),C(6),6(7)

0430 FOR I=1 TO 7
U500 IF S(I)=0 THEN NS=NS-1
0510 IF C(I)=0 THEN NC=NC-1
U520 IF G(I)=0 THEN NG=NG-1
0530 NEXT 1
0540 FOR I=
J550 AZ(I,1
0560 A%(1,2
U570 A%(1,3
0560 NEXT I
05390 IF
0600 6
J610 G
0620 G
U630 G
G
G
G
G

phgpiy
~
[ ]

—O-{\lmm.bew—‘

0640
0650
0660
0670



PAGE-02 DF44 (YER 04/06/782)

U680
0630
0700
0710
2720
0730
0740
U750
0760
0770
0780
3790
0800
€10
(820
0830
0840
3850
0860
0870
0880
0830
0300
0910
0320
0930
0340
0950
0960
1970
09290
0990
1000
1010
1020
1030
1040
1050
1060
1070
1080
;90

i T o POy O
NOUTRWN — O

1
!
1
1
1
1
1
1
1

OCSoOoOoooooo

1180
1180
1200
1210
1220
1230
1240
1250

REM PRINT SUMMARY OF RUN TNFORMATION

PRINT"RUN NO OF POINTS"
PRINT

FOR RA=1 T0 &
MF=(RA-1)%8+7

RDFILE 1,MP,Ix
NR(RR)=1%(0)

NT=NT+NR(RA)

PRINT RA,NR(RA)

IF NR(RAY>255 THEN NR(RA)=255
NEXT RA

PRINT

PRINT"TOTAL",NT

PRINT

PRINT

PRINT

M1=400

M2=600

M3=1500

M4=1000

NO=(NT+60) /5K+1
DX=(10000-M1~M2)* N.45/NG
FOR CA=1 TO NG

REM CALCULATE & PLOT AXES
I1=59

GOSUB 1860
OF=M1+(10000-M1-M2)/NG*(CA- 0.5)
0v=0F

IF ABS(G(CA))>998 THEN NF=0F +DX
XPZ(0)=-(0V-DX)

YP%(0)=M3

XPZ(1)=0V+DX

YPZ(1)=M3

XPZ(2)=-0F
YP7(2)=10000-M4

XPZ(3)=0F

YFZ(3)=M3

XPZL{(4)=0

YPZ(4)=-1

GOSUB 1670

NEXT CA

I=21

GOSUB 1860

REM READ AND PLOT DATA
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1810

03 DP44 (VER 04/086/82)

FOR I=I 70 285
DD%(C,I)=0

NEXT 1

IA=0

YG= §.5

FOR KR=1 T0O NS
RA=S (KR)

REM READ DATA
FOR CA=1 TO 7
MP=(RA-1)*8+CA-1
RDFILE 1.MP,IZ
FOR I=0 70O 255
DDZ(CA. I)=1%(I)
NEXT I

NEXT ©

REM FLOT DATH
FOR CA=1 TO NG
OF=M1+(10000-M1-M2) /NG#(CA- 0.5

IF ABS(G(CAY)>998 THEN OF =0F +DX
KG=6(CA) /NG

IF ABS(G(CA)I>998 THEN HE={GICAI-SGN(GICA) I*1000) /NG
K=(

FOR I=0 TO NR(RA)/SK-1

)

XX=0
FOR J=1 70 3
XX=XX+SGN(HZ(CH.J))*DDZ(HBS(QZ(CR,J)),I*SK)

NEXT J

XPZ (T =0F -XX#XG
YPACI)=M3+(I+IA)*YG*SK
K=K+1

NEXT 1

APZ(0)=-XPZ(0)
XPZ(K)=(

YPA(K)=-1

GOSUB 167¢C

NEXT CA .
IA=TA+(NR(RA)Y+41) /5K
NEXT KR

I=21

GOSUB 1860

GOTO 290

?Eg ARRAY PLOT ROUTINE

A=ABS(APZ(T))
Y=YPZ(T)
IF YPZ(T)<0 THEN GOTO 1850
XA=INT(X/100)
XB=INT(X-100*INT(X/100})
YA=INT(Y/100)
YB=INT(Y-100%INT(Y/100})
PX(31)=&4000+XA+6+*INT(XA/10)
PX(32)=XB+6+INT(XB/10)
PX(33)=YA+6*INT(YA/10)
§X§34)=YB+6*INT(YB/10)

=31
IF XP%(T)<0 THEN I=20

1820 GGSUB 186¢C

1830

T=T+1
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1840

04 DP44 (VER 04/06/82)

GOTQ 1690

1650 RETURN

1860
1870
1880
1830
1300
1510

REM PLOT OQUTPUT ROUTINE

IF PX(I)=&FFFF THEN GOTO 1520

IF LOC(&E7EE)<&FFS80 THEN GOTO 1880
LOC(&E7EE) =PX(1)

I=I+1

GOTO 18370

1320 RETURN

1330
1940
1950
1360
1970
1360
1930
2060
2010
2020
2030
2040
2050
2060
2070
2080
2080
2100
2110

REM AXES

DATA &6000,&4010,&0000.40000,&0000
DATA &7000,&4010,&0000,&0099,.&0099
DATA &6000,&4099,&009S,40050,&0000
DATA &7000,&4010,&0000,&0050,&0000
DATA &FFFF

REM RESET

DATA 86000

DATA &4099,4&0099,40099,&0099

DATA &FFFF

REM CONTINUOUS LINE

DATA &0000,&0000.&0000,46000

DATA &0000,&0000,&0000,&0000

DATA &700C

DATA &FFFF

REM DOT AND SQUARE

DATA &6000

DATA &4000,&0030,&0000,&0630

DATA &70060

DATA &4000,&0060,&0000,40400

DATA &4000,&0000,&0000,&0550

DATA &4000,&0060,&0000,&0600

DATA &4000,&0000,&0000,&0460

DATA &600C

DATA &FFFF

REM MULTIPLE AXES

DATA &6000,&4010,&0000.50083,&0000
DATA &6000,&4000,&0000.&0015,&0400
DATA &7000,&4000,&0000.40030,&0500
DATA &6000,&4089,&0099.40015,%0400
DATA &7000,&4089,&0099,40000.&0600
DATA &B6G00,&FFFF

REM SKIP TO NEXT AXFS

DATA &6000,4&4000,&0000.&0033,&0500
DATA &FFFF ’

END
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J100
gt10
0120
0130
0140
0150
0160
0170
018¢
0130
0200
1210
0220
0230
0240
0250
3260
3270
3280
0290
0300
0310
J320
0330
1340
0350
0360
0370
13840
0330
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
J500
4510
052¢

01 EDIT3 (VER 04/06/82)

REM DISC STANDARDI7ZATION AND FDITING PROGRAM

REM BY WAYNE BRODLAND

REM ALLOWS CHANNEL. TWARPPING.DC OFFSET,

REM DATA RECONSTRUCTION & APPENDING STEP INFORMATION
DIM TE(8),C(8).,SI(6.5)

DIM TV(10)

DIM N$(20),DD%(8,255), 14(255)

DIM M$(20)

DIM G(10)

NS=6

CLGSE 1

INPUT"READ FILE NAME " N%

OPEN 1,N%,0,512,48

CLOSE 2

INPUT"WRITE FILE NAME".MS

OPEN 2,M%,0,512,48

INPUT“NEW CHQNNEL ORDER (7)“,C(1).0(2),C(,C(4),C
INPUT"CHANNEL MULT FACTORS®, C(1) G(2). F(3) G(4) .G
PRINT"INPUT STEP INFORMATION FOR “INS:" STEPS®
FOR RA=1 TO N&

INPUT SI(RA.1).SI(RA,Z).ST(RA,31,S5T(RA.4),51(RA,S)
NEXT RA

REM LOOP 10 DO EACH SIEF

FOR RA=1 70 NS

REM INPUT STEP DATA

FOR CA=1 T0 8

MP=(RA-1)+8+CA-1

RDFILE 1.MP,Ix

FOR I=0 TO 255

DDZ(CA, I)=T1Z(I)

NEXT I

NEXT CA

REM SWAP CHANNELS

FOR I=0 70 255

FOR J=1 70 7

TE(C(J))=DD%(J, 1}

NEXT J

FOR J=1 70 7

DDA, I)=TE(D)

NEXT o

NEXT I

REM SET D.C. OFFSET OF YIRST 6 CHANNELS
NR=DD%(8,0)

5)
),

{
=

0530 S5=3

0540
3550
0560
0570
0530
0530
0600
0610
0620
0630
0640
0650
0660
0670

FOR J=1 10 o

DC=0

rOR I=NR-S TO NR-1
DC=DC+DD%(J. I}

NEXT I

DC=DC/S+ 0.5

IF J=4 THEN DC=0

FOR I=0 TO 255
DD%(J,I)=DD%(J,1)-DC

NEXT 1

DDZ(8,J+2)=DC

NEXT J

REM RECONSTRUCT MISSING DATA
P1=DD%(1,0)+DD%(2,0)+DD%(3.0)

88
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(630
36390
0700
0710
0720
0730
0740
0750
0760
0770
0780
0730
0800
0810
1820
0830
0840
0850
(860
0870
Jesg
0830
0300
J910
0920
0530
0340
0950

096C P

a970
0980

03990

1000
1010
1020
1030
1040
1050
1060
1070
1080

—

<o
DW
OO

b d ik ek bk ot poah ot ik
r\.)_.n.-b_.—n—-n-a__n“_n—h
OWO~NDUILWN ~
OO0 OOOO

—
[AST AT
WN —
OO

1240
1250

y=20
P2=DDY%(1,V)+DD%(2 V) +DDZI 2, W)
M=INT (V*P1/(P2-P1)+ 0.5)
PRINT

PRINT

PRINT“STEP “:RA

PRINT"DATA POINTS RECONSTRUCTED: “;M
FOR J=1 T0 7

FOR I=255-M TO 0 STEP-1
DD%(J, I+M)=DD%(J, )

NEXT I

NEXT J

REM FILL IN FIRST & CHANNELS
FOR J=1 10 &

IF J=4 THEN GOTO 860

FOR I=0 TO M-1
DD%(J,I)=DD%(J, M) *T /M

NEXT I

NEXT J

DDZ(8,2) =NR

DD% (8, 0) =NR+M

REM ADJUST GAINS

FOR I=1 10 7

FOR J=0 TO 255
DD%(I,J)=DD%(I,11%G(1)

NEXT o

REM TRANSFER STEP INFORMATION
=11

FOR J=1 10 S
DDZ(8,P+J-1)=S1(RA.J)

NEXT J

REM CALCULATE HEEL STRIKES
XL=C
XX=0
TP=1
rOR I=t 70 5
TV(I)=0

NEXT I
TV =1

5C=0
FF=DD%(8,2)-1

SD=-DD%(7 ,FF)-DDZ(7 .FF-3)+DD%(7 FF-2)+DD%(7 ,FF-3)

FE=FF-1

IF SDP<10 THEN GOTO 1109

FOR I=1 TO FF
TT=DD%4(1,1)+DD%(2.1)+DD%(3,1)
IF TT<600 THEN GOTQ 1250
§X1(4*DDZ(2,I)+8*DDZ(3.I))/TT
IF ABS(XX-XLY< 0.05 THEM GOTO 1230
IF SC<5 THEN GOTO 1250

SC=0

TP=TP+1

TV(TP)Y=1-1

SC=SC+1

GOTO 1260

5C=0

89
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1260 XL=XX

1270 NEXT 1

1280 TP=TP+!

1290 TV(TP)=FF

1300 FOR I=1 70 5

1310 DD%(8,20+1)=TV(1)

1320 NEXT 1

1330 PRINT"FOOT PATTERN".STtRA.1).5I(RA,2),81(RA,3),5I(RA,4).SI(RA,S)
1340 PRINT"HEEL STRIKES LTV L TV2), TV(3),TV(4)

350 PRINT"DIFFERENCES LTVE2)-TY() , TU3)-TV(2) . TV(4) -TV(3)

136G IF RA<>6 THEN GOTO 1349
1370 INPUT"RL RATIO".RL
1380 DD%(8,16)=1000%RL

1330 REM STORE BACK 70 RISC
1400 FOR CA=1 T0 8

1410 FOR I-0 TO 25%

1420 IZ(I)=DDA(CA. I}

1430 NEXT I

1440 MP=(RA-1)*8+CA-1

1450 WRFILE 2,MP,I%

1460 NEXT CA

1470 NEXT RA

1480 END



91

I"AGE-01 CON7 (VER 07/06/82)

100 REM RECONSTRUCTION PROGRAM (VER 03/05/82) .
0110 REM PROGRAM BY WAYNE BRODLAND L
0120 REM CONSTRUCTS MULTIPLE STEPS FROM SINGLE STEPS

0130 REM CALCULATES MOTION OF X CENTER OF FORCE

014C DIM N$(20),C(10),NR(TD)

0150 DIM PX(60) ,XP%(270),YPA(270)

0160 DIM I%(255),6(10),5¢10)

‘0170 DIM DD%(8,255),P(1M
0188 DIM Vi(5,270),H(10)

0190 DIM R$(20),L%(20),C3
0200 PI- 3.1415S

U210 FOR I=06 70 60

0220 READ PX(1)

3230 NEXT 1

0240 PRINT

0250 PRINT

3260 gEH1INPUT PLOT PARAMETERS FROM KEYBOARD
0280 INPUT"OPTION(2/3)" NN

3230 INPUT"PLOT BASE & RANGE",BP.RP

U300 PRINT"FILE NAME, STEP. BASE & GAIN FOR:"

(20).BC10),0010)

0310 INPUT"TYPE 1 “VR$,S(1),BC1Y,H(T1)
0320 INPUT"TYPE 2 *.L3$,5(2),B(2) H(
0330 INPUT"COMBINATION",C$,5(3),B(3),H(3)

0340 IF L3$="X"THEN L$=R$

0350 IF C$="X"THEN C3$=LS

U360 REM INPUT STEP CONSTRUCTION PARAMETERS

0370 INPUT"SUM OFFSET",0(5)

J380 FOR J=1 70 3

0330 INPUT"TYPE, OFFSET & X i.OCATION",T¢J).0(J),P(D)
0400 NEXT J

0410 REM INPUT DATA FROM DISC

042G FOR J=1 10 3

0430 IF J=1 THEN N$=RS

0440 IF J=2 THEN N$=L$%

0450 IF J=3 THEN N$=C$

0460 CLOSE 1

0470 OPEN 1,N%$,0.512,48

0480 FOR CH=1 T0 3

0490 MP=(S(J)~1)#8+CH-1

0500 RDFILE 1,MP,I%

0510 FOR I=0 710 255

0520 IF CH> 1.5 THEN DDZ(3%J-3+CH-1,1)=1%(I)

0530 DDZ(3%J-3,I)=DD%(3%J-3.1)+I%4(D

0540 NEXT I

U550 NEXT CH

0560 MP=(S(J)-1)%6+8-1

0570 RDFILE 1,MP, 1%

0580 NR(J)=1%(0)

0530 IF NR(J)>255 THEN NR()=2585

0600 NEXT J DR
U610 REM TIME & GAIN SCAIE, AND TRANSFER TO V% Ea
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VZ(J-1, D) =VAJ-1 . D) #ABS (H(D))
NEXT 1

NEXT J
G€1)=1004:6(2)=1004:6G(33=1004
NG=3:NC=7:NS=1

REM CALCULATE COMPOSITE STEF
FOR J=1 70 3

IF T(J)=0 THEN GOTO 800

FOR I=0 TO BP/B(J)Y#NR(T7.J))+2
IF I+0(J)>RP THEN GOTOD 790

VA3, T+0(JN)=VA(3, T+0 I +YALT (I -1, T *SENHIT (D) )

NEXT 1

NEXT J

REM CALCULATE CENTER OF FORCZ
FOR I=0 10 RP

K=I#B(3)/EP

I1=INT(K)

R=K-1I1

VZi(4,1)=0
X1=DD/(7,I11+1)#4+DDY (8. T1+1) %8
X2=DDZ(7,I11)#4+DDY%(8,11)+8
X3=DDZ(6,11+1)#R+DDA(6,I1)*(1-R)
IF X3<500 THEN GOTO 920
gg(g,l)=((1-R)*X2+R*X1)*250/X3

FOR Z
IF 1I-

0 HEN GOTO 390
IF T(Z

N GOTO 3990
VZ%(5,1 D) +VAT(2Y-1.TI-0(Z2) ) #P ()

1.1-0(2))
NEXT Z

IF AAR<=500 THEN V%(5,1)=9

IF AA>500 THEN VZ(5,1)= 250.+V%4(5.1)/AA
NEXT I

REM PLOT AXES

M1=400:M2=60C

M3=1500:M4=1000
DX=(10000-M1-M2)* 0.45/NG

FOR CA=1 TO NN

I=59

GOSUB 1870
OF=M1+(10000-M1-M2)/3*(CA- 0.5)
ov=0F

IF ABS(G(CA))>998 THEN NF=0F+DX
XP%(0)=-(0V-DX)

YPZ(G)=MG

XP7(1)=0V+DX

YPZ(1) =M

XP%(2)=-0F

YPA(2)=10000-M4

XP%(3)=0F

YPZ(3)=M3

XPi(4)=0

YP4(4)=-1

GOSUB 1680

NEXT CA

I=21

~< M
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GOSUB 1870

REM PLOT DATA

T(4)=0

0(6)=0:0(71=0:0(8)=0

YG=10

FOR CA=1 TO 2+2+NN

CB=INT(CA/2+ 0.6)

IF CA>2 THEN CB=CB-1
JF=M1+(10000-M1-M2)/3#(CB- 0.5)
IF ABS(G(CB))>998 THEN OF=0F +DX
XG=G(CB) /NG

IF ABS(GI(CR)1>998 THEN XG=(G(CB)-SGN(G(TB))*1000) /NG
IF CA>4 THEN GOTO 1400
éFCT(CH)=0 THEN GOTO 1640
IA=0(CA)

=0

FOR I=0 70 RP-IA
IF CA>4 THEN GOTO 1500
IF VZ(T(CA)-1,11<>0 THEN GNTO 1430
[=7+1
G0TO 1590
XPZ(I-Z2)=0F-VI(T(CAI-1.T1%XG
GOTO 1540 '
%FZVZ(CA—3.I)<>O THEN GGT0 1530
=741
GOTO 1590
XPZ(I-2)=0F-VZL(CA-3,11+X6G
IF INT(CA/2)#2<>CA THEN GOTO 1570
IF I-Z=0 THEN GOTO 1570
IF INT((I-2)/2)%2=T-7 THEN XP%(I-Z)=-%XP%(I-2)
YPACI-Z)=M3+(I+IAI*YG#SK
K=K+1
NEXT I
XP%(0)=-XP% (D)
XPZ(K)=0
YPU(K)=-1
GOSUB 1680
NEXT CA
I=21
GOSUB 1870
ST0P
?EH ARRAY PLOT ROUTINE
=0
X=ABS(XPZ(T))
Y=YPL(T)
IF YPZ(T)<0 THEN GOTO 1860
XA=INT(X/100)

XB=INT(X-100*INT(X/100
YA=INT(Y/100)
YB=INT(Y-100+*INT(Y/100}3)
PX(31)=&4000+XA+6*INT(XA/10)
PX(32)=XB+6*INT(XB/10)
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1840 T=T+1

1850 GOTO 1700

1860 RETURN

1870 REM PLOT OUTPUT ROUTINL

1880 IF PX(I)=&FFFF THEN GOTO 13930

1890 IF LOC(&E7EE)<&FF80 THEN GOTO 1890
1900 LOC(&E7ZEE)=PX(I)

1910 I=1+1

1920 GOTO 188C

1930 RETURN

1940 REM AXES

1950 DATA &B6000,&4010,&0000,40000.&0000
1960 DATA &7000,%4010,&0000,&0099,&0093
1970 DATA &6000,&4099,&0099.&0050,&0000
1980 DATA &7000,&4010,40000.&0050,%0000
1990 DATA &FFFF

2000 REM RESET

2010 DATA 3600C

2020 DATA &4099,&0099,40039,40099

2030 DATA &FFFF

2040 REM CONTINUOUS LINE

2050 DATA &06000,&0000,&0000.5%6000

2060 DATA &0000,&0000,&0000.40000

2070 DATA 37000

2080 DATA &FFFF

2090 REM DOT AND SQUARE

2100 DATA &6000

2110 DATA &4000,&0030.&0000.40830

2120 DATA &70G0

2130 DATA &4000,&0060,&0000.&0400

2140 DATA &4000,&0000.40000.,&0560

2150 DATA &4000,&0060,&0000,&0600

2160 DATA &4000,&0000,&0000,40460

2170 DATA &6000C

2180 DATA &FFFF

2190 END
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