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Three Velocity Modulated Myoelectric A/K Prosthesis Controllers;
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Requirements for the Degree of Master of Science.

ABSTRACT

The research described herein investigated methods
of passive above-knee prosthesis control using myoelectric
signals acquired from the remnant above-knee stump
musculature. Initial feasibility studies were conducted
using four above-knee amputees walking with a prosthesis
simulator controlled to emulate a friction prosthesis.
Results from these studies indicated that practical
myoelectric controllers, which improve amputee gait cosmesis
and energy consumption, could be designed if a suitable
modulator of the myoelectric activity from hamstrings and
quadriceps muscle groups could be found. This modulator
would allow the controller to recognize amputee intent.
Velocity modulation of the myoelectric signals was
postulated as a practical method of selecting the
appropriate muscle group activity for controller input.
Since the preliminary studies indicated that a strong
correlation did not exist between simulator friction level
and the activity of the muscle groups studied, three
velocity modulated, myoelectric controllers were developed
and tested off-line using data taken during the initial
investigations. Further human experimentation was warranted
and results from real time testing of the controllers are
included. The controllers were not developed fully and
further work is necessary.

Thesis Supervisor: Woodie C. Flowers
Title: Associate Professor of Mechanical Engineering
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CHAPTER 1 INTRODUCTION

1.1 PROBLEM DESCRIPTION

Commercially available prosthesis use various
methods of providing resistive torque (damping) at the knee.
A plethora of these devices is available to the physician
for prescription to the above-knee (A/K) population. A
general classification is provided by the Veterans
Administration (1). However, most common prostheses provide
preprogrammed control! of knee damping with a limited range
of adjustment. Thus, the amputee must learn to adapt his
gait to accommodate the innate behavior of the prosthesis at
a cost of inferior gait cosmesis and increased energy
consumption. Therefore, it seems reasonable to try to
improve the cybernetic link between man and machine in order
that the machine may respond to the man in a symbiotic

fashion.

One way to improve the efferent channel is to make
use of information contained in the myoelectric (ME)
activity of remnant stump musculature. There seems to be
little available data taken from A/K amputees. Perhaps this
is due to technical difficulties encountered because the
subject traverses large distances during data acquisition.
Nevertheless, Dyck et. al. (2), propose volitional control

of swing phase damping using the semimembranosis ME activity
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to select one of three possible damping coefficients of a
hydraulic cylinder. Their results provide a good
approximation of normal knee trajectory. Horn (3), has
developed a flexion lock designed to assist the amputee in
stair climbing. The lock is activated voluntarily with a
remnant stump muscle not "active" in gait. Saxena and
Mukhopadhyay (4) also use ME activity from a control muscle
along with the output of a heel-mounted pressure transducer

to lock the knee during stance phase.

It is the opinion of the author that the above
controllers, although significant technical achievements,
require a great deal of conscious effort on the part of the
amputee. While the human may be trained to walk with such a
device, amputee acceptance may not be universal, especially
among amputees very accustomed to conventional prostheses.
Above-knee ME controllers which interact more symbiotically
with the amputee have been developed by Kato et. al. (5) and
Donath (6). The former group has found a relationship
between cadence and the rectified, smoothed amplitude of
ilio-psoas ME activity. This result was used to design a
controller which would change knee damping according to gait
speed. Donath implemented a controller in which knee
damping was proportionally controlled by filtered ME

activity from muscles in the area of the gracilis.
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1.2 Myoelectric Data Acquisition and Processing

Generally, there are two types of myoelectrodes.
Subcutaneous needle electrodes give the best electromyograms
but have limited practical use in prosthesis control.
Surface electrodes, on the other hand, are feasible for this
purpose but high frequency components of the ME signal are
attenuated by tissue between the muscle and electrode.
Electrodes may be monopolar (one electrode and ground),
bipolar or configured in an array of three or more.

However, to minimize electromagnetic interference and other
artifacts the recording electrode is generally bipolar. It
is common practice to differentially amplify the ME signal

at the recording site. This, in fact, is the only practicai

way to avoid the ubiquitous 60 Hz power line noise.

The ME signal is manifest in an electric field as
a result of depolarization of the postsynaptic membrane in
striated muscles. Saxena (4) states a bandwidth of 1000 Hz
for the signal but notes that tissue effects and motion
artifact (i.e., electrode - skin polarization) probably
limit the useful range of the signal to frequencies between
10 and 500 Hz. Hogan (7), shows frequency spectra for ME
activity taken from biceps on the upper arm. These results
indicate that the power spectral density has a maximum
between 50 and 80 Hz for most contraction levels. The peak

should be at a lower frequency for larger muscles and vice
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versa for smaller muscles.

By far the most common myoelectric processing
technique consists of the following steps. First, the
signal is high pass filtered to remove low frequency
artifact. The ME signal is then rectified or passed through
a nonlinear device to regain a D. C. level. Finally, the
signal as passed through an envelope detector, usually an RC
integrated, to obtain a control input. Hogan (8) points out
various problems with this approach and suggests alternative
processing methods. The basic point is that unless the
envelope detector is very high order, the control input will
contain relatively large low frequency oscillations. On the
other hand, if it is high order, excessive phase lag may

become a problem.

An interesting processing method suggested by
Childress (9) uses the ME signal to modulate a pulse which
is the input to a servo-motor which controls the opening and
closing of a hand prosthesis. In particular, if and only 1if
the magnitude of the ME activity is above a preset
threshold, a constant current is supplied to the actuator.
Advantages of this technique are simplicity of hardware
implementation and rejection of spurious peaks in the ME
signal since such a pulse would have a very short duration.
On the other hand, sufficient signal processing is necessary

to insure that low frequency artifact will not generate a
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long pulse inconsistent with the amputee’s control strategy.

Another interesting technique was demonstrated by
Close et. al. (10). This method used a high speed digital
counter to count action potentials per unit time of a
normally contracting muscle. The result of applying this
technique will give a number which reflects both the

frequency and amplitude of a ME signal.

Yet another method, applied by Myers and Moskowitz
(11), is spatial pattern recognition. An array of
electrodes was used to record ME activity from the thigh of
normal subjects. Pattern recognition algorithms were then
employed to classify spatial patterrs correlating with knee
flexion, knee extension or hip action involving no knee

activity.

1.3 Comments About the Task

It is not obvious why A/K ME control! has not been
more successful. Perhaps it it helpful to enumerate some
reasonable goals for the A/K controller. The lower
extremity basically provides suspensionr and propulsion. The
actuator requirements are extremely stringent for the
prosthesis designed to functionally replace the limb. In
fact, current actuator technology does not permit design of
an active, self-contained A/K prosthesis which meets power

requirements for all gait modes (level walking, stair
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climbing, etc.). However, Grimes (12) shows that the normal
knee acts as an energy dissipator during level walking.
Hence, the following goals can be set forth for a practical

A/K prosthesis.

1. The prosthesis should provide stability during stance

phase.

2. The prosthesis should provide enough damping during
swing phase to insure against excessive heel rise and

abrupt deceleration at hyperextension.

3. The prosthesis should provide minimal damping during

swing to conserve energy.

4. The prosthesis should adapt itself to different modes.

There is more than one way to resolve the conflict
in two and three above. Chow and Jacobsen (13) use optimal
programming techniques to analytically make the compromise.
Another approach involves observation of ME signals trying
to infer how this task is accgbplished by the normal human.
Observations by Brandell and Williams (14) indicate that
maximum ME of a select set of muscles ievels correspond to
instances in time when the knee is changing direction.

These observations are verified by Carlsoo (15).



1.4 Scope and Relevance

The above considerations led the author to the

following hypothesis.

Myoelectric signals from remnant stump musculature
can be used to control the swing-phase damping profile of a
passive above-knee prosthesis and the gait resulting from
such a control scheme should yield an acceptable compromise

between gait cosmesis and energy consumption.

The following goals were set forth to ascertain

its validity.

1. Develop the appropriate instrumentation to measure ME

signals.

2. Select subjects from the A/K population.

3. Propose and perform experiments to determine if the

signal is consistent with results from normals.

4. If so, propose ME controllers and conduct experiments

to evaluate them.

This project should contribute to general
knowledge in the area by increasing the data base describing
ME activity in A/K amputees and suggesting swing-phase

myoelectric controllers which are simple to implement but
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consistent with the amputee’s intent.
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CHAPTER 2 GETTING STARTED

2.1 INTRODUCTION

This project made use of a prosthesis simulator
developed at M.I.T. by Lampe (16). In addition, an
instrumentation package was developed to acquire necessary
data. Software was developed in order that the experiments
could be computer controlled to expedite data acquisition
and storage. Subjecps were solicited, screened and fitted

with the necessary equipment to walk with the simulator.
2.2 Hardware

The diagram of the hardware configuration, shown
in Figure 1, gives a good synopsis of the hardware details.
First, data is collected from the man-machine system and
transmitted through an umbilical to be stored and processed.
Before the data can be stored, it is filtered and converted
into digital data. Then, an appropriate control signal is
generated and sent out to the prosthesis. This involves
proportional control of a current source to achieve the

desired torque level at the prosthesis.

2.2.1 Lampe Prosthesis Simulator

Figure 2 shows the simulator along with a socket,

Sach (solid ankle cushioned heel) foot, and the umbilical.
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It is a passive device, not capable of supplying knee
moment, which can produce virtually arbitrary knee resistive
torques. The simulator, in its present configuration, is
computer controlled allowing experimentation with novel
control schemes limited only by simulator instrumentation

and software speed.

2.2.2 Simulator Instrumentation

Several new types of instrumentation were added to
the prosthesis simulator for the purposes of this study.
This package, shown in Figure 3, contains the necessary
components to process kinematic, kinetic, ME and timing
data. Instrumentation circuit diagrams are included in
Appendix (1) and relevant details are discussed in the
following. Angular position information was obtained from a
potentiometer. In order to avoid nonlinearities due to
input impedance loading, the potentiometer was isolated from
further instrumentation with a voltage follower circuit.
This signal was amplified to insure an acceptable signal to
noise ratio for transmission to the digital to analog
converter via the umbilical cable. The angular velocity was
obtained by differentiating the position signal. The
differentiator was actually a 2nd order band pass filter
with a 15 Hz break frequency. Figure 4 shows the
theoretical bode plot of this filter. The actual filter was

tested with known sinusoidal inputs and found to
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behave in the manner predicted by theory. Research by
Antonsson (17) verifies that the break frequency is
reasonable for normal level walking position data. Angular
acceleration was obtained by differentiating the angular
velocity with a similar filter. Double differentiation,
although not generallv practicable, was possible here due to
the limited bandwidth of the data. Since the Lampe
prosthesis simulator was previously equipped with a
torsional strain gage bridge, it was only necessary to

balance the bridge and amplify its output.

Gait timing information, generated by foot
switches mounted inside both the subject’s shoes, measured
the heel contact, foot flat and toe-off for both feet.
Summing amplifiers gave an output which indicated the status
of the foot. These switches worked well for the normal
foot, but did not perform well on the prosthetic side due to

the tight fit of the Sach foot in the subjects shoe.

Circuitry to amplify 10 channels of myoelectric
data was also designed and mounted on the prosthesis
simulator. Although it was important to acquire most of the
frequency content of the ME signal, low frequency artifact
(an order of magnitude larger than the signal) and the
extreme gain (necessary because of the umbilical) required
that the signal be high pass filtered and amplified

simultaneously at the simulator. Thus, a first order high
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pass filter was designed which has the theoretical bode plot
shown in Figure 5. The myoamps were tested with known
inputs and they were found to closely approximate the ideal.
Bipolar myoelectric preamps, manufactured by Motion Control,
Inc., were used for myoelectric data acquisition. These
electrodes feature a differential input with high common
mode rejection ratio. Since the differential amplification
takes place at the surface of the skin, these electrodes
produce electromyograms which are relatively free from

electromagnetic interference.

2.2.3 Interface Hardware

It is common practice to filter the data before
campling to limit frequency content (Stearns 18). The
interface hardware, shown in Figure 6 performed this
tunction and provided connections to the simulator via the
umbilical cable. Filter design involved a compromise
between adequate information rate and reasonable sampling
frequency. The final design specifications required an
active 3rd order, 3 dB, Chebychev filter with 100 Hz break
frequency. Stout (19) provided the equations necessary for
seiection of the components used in the circuit shown in
Appendix (1). This particular design was chosen because
greater attenuation of high frequency was deemed more
important than unity gain throughout the pass band. Ideal

behavior for these filters is shown in Figure 7.
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Once again, performance of all filters was checked with a

known input and judged satisfactory.

2.2.4 Other Hardware

Other hardware used in the experiments included a

PDP 11/60 computer, Figure (8), for data processing and
simulator control. Also, a Tektronix voltage supply powered
electronics in both the interface module and prosthesis
simulator. A Hewlett Packard oscilloscope was available for
visual review of the data. A Kepco bipolar operational
amplifier, shown in Figure 9, in conjunction with a
proportional current controller designed by Lampe (16) acted
as a voltage controlled current source to generate the

desired torque at the knee.

2.3 Liveware

Four subjects were screened from the group
solicited from the A/K population in the area. They were
selected on the basis of attitude, physical condition, and
walking ability. Thus, they represented the best available

characteristics in the population for a study of this type.
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Each subject was fitted with a socket and Sach
foot similar to that worn everyday. Brief case histories

are given below.

2.3.1 Subject 1

Subject 1 is a 36 year old male who underwent
above-knee amputation in 1976 as a result of injuries
suffered in a pedestrian accident. His current prosthesis
is equipped with a suction socket, a Dupaco hydraulic

cylinder and a Sach foot.

2.3.2 Subject 2

Subject 2, a 25 year old male, is in good physical
condition. He contracted osteogenic sarcoma in his early
teens and, as a result, had a right knee disarticulation in
1969. He presently uses a quadrilateral socket and a Mauche
"Stance-N-Swing" knee cylinder with an articulated ankle.

His hobbies include skiing and horse back riding.

2.3.3 Subject 3

Subject 3, a student at M.I.T., possesses a unique
conventional prosthesis in that the suction socket and calf
segment are fabricated from aluminum sheet metal. The
resistive knee moment is provided by friction alone. He
underwent right leg, above knee amputation in 1969 after a

fibroma tumor was diagnosed in the knee joint. Subject 3
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reports that his conventional prosthesis is lighter than the

simulator used in this study.

2.3.4 Subject 4

Subject 4 is currently wearing a prosthesis
equipped with a quadrilateral socket, Dupaco hydraulic
cylinder and Sach foot. Like most amputees wearing a socket
not held in place with suction, he wears a belt to keep the
prosthesis securely fastened to his body. He is 45 years
old and in good physical condition. His above-knee
amputation resulted from injuries incurred in an automobile

accident in 1961.
2.4 Software

Since the experiments were computer controlled,
some Fortran programming was necessary. Also, machine
language programs were developed to operate a programmable
real time clock, included as option with the PDP 11/60, and
tke ANDS 5400 Data Acquisition System. Also, Fortran
software was developed to allow graphical presentation of
the data. The software mentioned above is included in
Appendix B. Digital filter algorithms used in these

programs were taken from Stearns (18).
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CHAPTER 3 INITIAL EXPERIMENTS

3.1 INTRODUCTION

This chapter describes experiments conducted with
the simulator emulating prostheses which control motion by
mechanical friction. This particular simulation was chosen
because it was easy to implement and did not require a large
software overhead. Since changing the friction coefficient
of the knee joint was easy to understand physically, one
could gain qualitative and quantitative knowledge about the
sensitivity of A/K amputee gait to prosthesis
characteristics. Also, a large amount of data could be
collected and processed off-line to determine the
feasibility of ME control. Procedures are discussed in
Section 3.2, observations in Section 3.3, and results in

Section 3.4.

3.2 Procedure

With exception of electrode placement, procedural
details were the same for all subjects. Since two of the
subjects were fitted with suction sockets, electrodes were
fabricated which could be placed inside the socket and
threaded into the myoelectric preamps resting on the outside
surface of the socket Figure 10. Thus, once promising
recording sites had been found, consistert placement was

insured by thkis ..ounting technique.
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The remaining subjects had the electrodes placed between the
socket and stump. The second method required testing
electrode placement at the beginning of each experimental

session.

A typical experimental session consisted of a
number of walking trials. After the subjects had put on the
prosthesis simulator and proper alignment (overall length,
etc.) had been checked, they were asked to walk in an oval
pattern at an even cadence. They were also informed of the
relative simulator friction level before each trial. After
they were accustomed to a given level of friction, five
representative data sets were sampled. Each set consisted
of 2048 samples which, at the 1000 Hz sampling rate,
represented about 2 seconds. Sampling was started near the
end of swing and in general, lasted longer than a complete
gait cycle. 1In general, the sessions started with very low
dissipative torque and finished with the highest level of
damping for which a subject could ambulate. Data was taken
to describe the angular position and velocity of the knee
axis and myoelectric activity of the quadriceps and
hamstrings muscle groups on the above knee stump. Comments
were solicited from the subjects to help gain an
understanding of the consequences of varying the damping

level.
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3.3 Observations

In a qualitative way, observing the walking trials
added to the authors knowledge and tuned intuition about A/K
gait and the way A/K amputees control their conventional
prostheses. 1In general, the lower segment of the simulator
impacted at high speed against the hyperextension stops for
all subjects at low friction levels. On the other hand,
subjects had to expend a lot of energy to throw the shank
into full extension at very high levels. Also, there seemed
to be a range of levels at which the subjects could ambulate
very well. For example, out of five levels representing the
range of friction levels, discussed in 3.2, the subjects
were generally quite good at controlling two with little

observable gait detericration.

Observable differences between subjects included
the fact that some subjects were able to walk with higher
friction than others. This seemed to be related to the
physical condition and age of the subject and to the length
of the simulator shank. 1In particular, subject two, having
only an average shank length was able to walk with the
simulator at the same maximum level as subject four who had
the longest lower segment length. Conversely, subject one
and subject three, while having approximately the same shank
length as subject two, effectively could not at high energy

dissipation.
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All of the subjects noted that the task required
constant attention at higher levels. Subject four, using a
friction type prosthesis everyday, did not notice this
problem as much as the others. Also, all subjects found

walking at high friction levels very tiring.
3.4 Results

Representative sample sets are presented in the
following figures. Also, an indicator of the relationship
between ME activity and friction level of the simulator is
expléined and results of its implementation are included.
These results indicated that further development of ME

control schemes was a reasonable course of action.

Figure 11 shows a sample set from the data
acquired during the walking trial in which the simulator
damping for subject 1 was zero. Curve 1, the position
trajectory, shows thatAthe subject was not yet accustomed to
the simulator damping. This can be seen by noting that the
curve was not very smooth during swing phase. Toe off
occurs shortly after the knee begins to buckle. This
correlates to the times 0.62 and 1.62 on the abcissa.
Another thing to note is the oscillatory behavior as the
knee goes into full extension. This is due to compliance of

transmission components in the simulator and is
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an indication of how hard the lower segment collides with
the hyperextension stops. Another indication of this impact
is curve 2 the velocity trajectory. The velocity trajectory
seems reasonable given curve 1. Curve 3 shows the ME
activity form the quadriceps muscle group. This
electromyogram is presented in "raw" form, meaning it has
only been filtered at the prosthesis (in the manner
discussed above), low pass filtered at the interface module,
sampled and plotted. Hence, A 5 volt D.C. offset is
inherent in the data as it comes from the simulator.
Significant quadriceps activity is apparent during swing and
the first part of stance. The hamstrings ME activity is
shown by curve 4. The offset in this data has been adjusted
in order to clarify graphical presentation. Note that
significant activity occurs during the first part of stance

and the f.rst part of swing.

Figure 12 shows a sample set from a more
comfortable level for subject 1. Apparently, the subject
was in better control of the simulator sincg the position
trace is very smooth. Also, the impact at full extension is
less as noted from the behavior at the end of swing. The
shape of the velocity trace at the end of swing is of
interest since the shape is quite consistent among trials
using the friction controller. Again, significant

quadriceps activity is noticeable starting
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before the beginning and continuing until just before the
end of swing. This activity is also apparent at the
beginning of stance phase. Significant hamstrings activity
occurs during the beginning of stance phase and, to a lesser

extent, during swing.

Figure 13 shows data acquired during the zero
damping trial for subject 2. This subject was able to
control the simulator at this level almost immediately, and
could keep the hyperextension impact to a minimum. A couple
of differences between this subject and the former can be
noted. First, the duration of the ME activity for this
subject is less of the overall cycle. The magnitude of the
hamstrings activity is significantly less than for the
former subject. Also, a large amplitude artifact can be
noted before the beginning of swing. This artifact is
probably due to electrode-skin separation. Similarities
between the two subjects can be seen in the temporal pattern

of the ME curves.

Figure 14 shows data from the trial for which
damping was set to the highest level in the session. Note
the asymetry in the kinematic data introduced by this
extreme friction level. This data implies that the subject
increased acceleration during the first part of swing to
insure full extension at the end of swing phase. Also, poor

gait cosmesis is inherent in this method of control by the
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subject. Again, the temporal pattern of the ME data is

consistent with previous results.

Figure 15 is a zero damping sample set for subject
3. This subject was also able to control the prosthesis
sim'lator at this low damping level. Again, note the
characteristic shape of the velocity trace. The quadriceps
activity is masked by artifact from electrode-skin
interaction. The hamstrings activity is of very low
magnitude. This is consistent with electrode ﬁlacement

difficulties encountered with this subject.

Figure 16 shows results from a simulation more
like the subject’s conventional prosthesis. It can be seen
that electrode-skin interaction is the prominent effect in
the quadriceps trace. Figure 17 shows this plot after
digital filtering of the ME data. A third order Butterworth
filter algorithm was used for this purpose. Noticeable
effects of the filtering include elimination of the D.C.
offset and attenuation of low frequency artifact in the
signal. The break frequency selected for this filter was 20
Hz. This plot indicates that a higher break frequency was
probably reasonable to enable better presentation of the
data. It also indicates that a large majority of the

undesirable artifacts can be removed by suitable filtering.
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The results from the zero friction simulation for
subject 4 are presented in Figure 18. Note that this
subject could not control the hyperextension impact at this
level. 1In addition, the temporal pattern of the ME data
seems consistent with previous results. It can also be seen
that hamstrings data was easily acquired. The electrode for
this muscle group was mounted with tape on scar tissue

resulting from surgery after the amputation.

Figure 19 shows the results from a more
comfortable friction simulation. Again, the temporal
pattern of the ME data is quite consistent with earlier
results, except that very little ME activity is apparent
auring swing phase. The transition between swing and stance
phase is accomplished smoothly and the shape of the velocity
profile is consistent with others obtained with this type of

simulation.

These results indicated that, although a
relationship between ME activity and damping probably
exists, the effect of such a relationship was ..c.ned by
other factors. A study of this relationship during swing
phase was performed using the area under the smoothed
electromyogram as an indicator of the ME activity. The data
processing consisted of high pass filtering, rectification,
low pass filtering, and Simpson’s rule (Kreysig 20)

numerical integration of the particular electromyogram.
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The data was smoothed because the error in the above
integration method depends upon the highest derivative in
the interval of interest. Swing phase was detected from the
position data. In the following plots, a damping level of
zero represents negligible friction while 30 corresponds to
a very stiff knee. Figure 20 shows the results from the
quadriceps ME data of subject 1. The data points, denoted
by X, repfesent the number obtained by applying the above
processing to a data set of a particular sample set at a
particular damping level. Figure 21 shows the corresponding
results for the hamstrings data. Note from both of these
graphs that the indicator remains constant within 2 percent
of the signal level. Also note that the indicator seems to
be decreasing over the course of the session indicating that
fatigue and electrode-skin impedance changes my have
influenced the results. Figure 22 shows results for
quadriceps data taken from subject 2. Figure 23 presents
the corresponding results for the hamstrings group. Similar
comments about the magnitude of the indicator change apply
here. However, the indicator for this subject seems to be a
minimum at a damping level of 16 for both muscle groups. A
similar effect can be seen in the next two graphs for
subject 3 at a damping leve. of 24. The next two graphs
show the same sort of behavior, although not as

dramatically, for subject 4 at a damping level 16.
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CHAPTER 4 CONTROLLER RATIONALE AND DESCRIPTION

4.1 INTRODUCTION

The results presented in Chapter 3 indicated that,
if used as a control input, the ME data would have to be
used selectively. Consider, as an example, the case in
which significant quadriceps activity becomes apparent
during swing phase after maximum heel rise. It is necessary
for the amputee to extend the lower segment into full
extension in preparation for the initiation of stance. Any
quadriceps activity during this part of the cycle is
probably acting‘to accelerate the lower segment. Thus, if
the quadriceps activity implies damping, the simulator acts
to oppose this muscle. Hence, it becomes necessary to find
a way to modulate the signal to prevent such action while
taking advantage of information contained in the signal
about the amputee’s intent. Also, it is important to
reiterate the limitation of a passive prosthesis which can
only act as an energy sink. The following paragraph
discus;;s the ME signal modulator used in all of the
controllers discussed in later sections of this chapter.
Following sections also present results of off-line
implementations of the controllers using the data acquired

during the friction simulations.
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4.2 Velocity, a Possible ME Signal Modulator

The sign of the angular velocity, positive when
the knee is flexing and negative when it is extending,
provides a convenient indication of the relative direction
of travel of the below-knee segment. To see how this can be
used, consider the normal population in which the quadriceps
and hamstrings muscle groups are attached below the knee
(Figure 28). One of the quadriceps, the rectus femoris, is
attached above the hip and contributes to hip flexion. So,
it can be seen, in general, that quadriceps activity imparts
an extensive torque about the knee while hamstrings activity
ultimately generates a flexural torque. Bearing in mind the
limited function of a passive prosthesis, consider the
following. Quadriceps activity when the knee is flexing
(positive velocity) implies deceleration of the knee. When
the knee is extending (negative velocity), quadriceps
activity acts to accelerate the knee. The two totally
opposite statements are true for the hamstrings group.

Since the simulator is inherently dissipative, the velocity
signal can be used to allow use of only quadriceps activity
when the knee is flexing and hamstrings activity when the
knee is extending. Thus, the ME activity is modulated by
the velocity signal. This was the basic idea behind the

development of the controllers that follow.
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4.3 Velocity Modulation of the Rectified ME Activity; a

Simple Approach

A very simple controller was devised using the
velocity modulated, rectified, amplified ME data. Figure 29
shows a flow diagram of the processing sequence. In detail,
the ME data was first high pass filtered at a break
frequency of 70 Hz then, both channels were rectified and
amplified by an empirically developed gain factor. Next,
the velocity was checked to determine if the ME data for a
particular muscle group was to be used. Advantages of this
scheme include simplicity and quick response. On the other
hand, artifact can easily produce an unwanted effect.
Figure 30 shows the results of an off-line implementation of
this scheme for subject 1. Figure 31 shows the same result
for subject 2, Figure 32 for subject 3, and Figure 33 for

subject 4.

4.4 Velocity Modulated Pulse Width Modulation; First Cut

Noise Rejection

A second controller was designed to allow the ME
signal to modulate the width of a pulse of current to the
magnetic particle brake on the prosthesis simulator. Figure
34 shows a flow diagram of the sequence of operations of
this control scheme. This figure shows that both ME signals

are high pass filtered at a break
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frequency of 70 Hz with a digital filter algorithm similar
to those discussed previously. Then, each channel is tested
against preset thresholds which are found with Program
THFIND included in Appendix 2. If a particular channel is
greater than its threshold, an output is generated. Both
channels are then modulated by the velocity signal and the
resulting output is amplified by an empirically determined
gain factor. The results of off-line impiementation of this
scheme are shown in the next four figures. Figure 35 shows
the results for subject 1, %igure 36 for subject 2, Figure

37 for subject 3 and Figure 38 for subject 4.

4.5 Velocity Modulation of the Threshold Count; a More

Elaborate Approach

This controller counts the number of times the ME
activity exceeds the threshold selected for the given ME
channel by Program THFIND. The count is accumulated for a
time period of 4 milliseconds and then reset. Figure 39
shows the flow chart for this controller. The figure shows
that the controller output consists of the amplified,
velocity modulated threshold count of the input ME data.
This controller was expected to take advantage of a large
amount of the information contained in the ME signal while
rejecting spurious electrode-skin artifact. Figure 40 shows
the off-line implementation results for subject 1. The

three following figures show the respective results for the
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CHAPTER 5 INITIAL SUBJECT TESTING

5.1 INTRODUCTION

During this phase of the project, the controllers
discussed in Chapter 4 were tried in walking trials with the
subjects used in previous work. Practical and people
problems as well as time constraints allowed testing of all
three controllers on subject ! only. The controllers were
not tested on subject 4 and two of them were tested with the
remaining subjects. It must be stressed that the
controllers were not developed to the authors satisfaction.
However, the preliminary results are encouraging. The
following sections include procedural details, observations

and results.
5.2 Procedure

The procedure followed during this part of the
investigation was the same as that for the friction
simulations for logistical details such as electrode
mounting. During a particular session, friction and
hydraulic simulations were tried along with the ME
controllers. The simulations of conventional prosthesis
were run for comparison purposes. Eight thousand samples
were taken and stored of position, velocity, quadriceps and
hamstrings data during each walking trial. One walking

trial was accomplished for each control scheme. The
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subjects were accustomed to the given controller before any

data was sampled.

5.3 Observations

The subjects were asked to comment about the
controllers during the experimental session. All subjects
seemed to feel that the hydraulic simulation was better than
the friction simulation. This is not surprising since, in
this control mode, the simulator most closely emulates the
conventional prosthesis of three subjects. However, most of
the subjects were very positive about one or more of the ME
controllers. The author noticed that gait cosmesis seemed
good for the ME controllers except for a tendency for the
simulator shank to impéct against the hyperextension stops.
It was not extremely difficult to establish appropriate

gains for the ME controllers.
5.4 Results

Although eight thousand samples were taken for
each walking trial, a limited subset will be presented in
the following results. This will enable better comparison
of the kinematics resulting from each of the controllers.
The results are presented in order from subject 1 through

subject 4.
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5.4.1 Subject ! Results

Subject 1 was experiencing some soreness during
the day of the final session but consented to try the
controllers anyway. Figure 44 shows results from a friction
simulation at a comfortable level, Figure 45 shows the
results from a hydraulic simulation. Notice the shape of
the velocity profile in both of these simulations. Figure
46 shows the results trom the rectifying controller, Figure
47 the modulated pulse width controller and Figure 48 shows
the threshold counting controller. The myoelectric data has
been processed with the conventional method mentioned
previously. Compare the kinematics of these controllers to
the conventional controllers. It can immediately be seen.
that although the velocity trace is smoother, heel rise and
hyperextension impact are greater for the myoelectric
contreller. An important point to notice is the similarity

of the kinematics resulting from all of the ME controllers.

5.4.2 Subject 2 Results

Figure 49 shows the results from a friction
simulation at a comfortable level for subject 2. The
characteristic velocity profile shape can be seen at a
glance. Also to be noted is that this trace is smoother

than that for subject 1. Figure 50 shows the results from a
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hydraulic prosthesis simulation. The sﬁape of the velocity
profile seems consistent with the shape of that for subject
I. Note also that heel rise is inhibited with this
controller. Figure 51 shows results from the modulated
pulse width controller. Note that heel rise is not as great
as the friction controller implying better gate cosmesis.
However, hyperextension impact is still a problem for this
subject. Figure 52 shows results from the threshold
counting controller. Heel rise for this controller was
approximately the same as for the modulated pulse width
controller. Similarly, the two ME controllers behaved much
the same at full extension. The myoelectric data for these
figures and those following has been high pass filtered at a

break frequency of 70 Hz.

5.4.3 Subject 3 Results

As with subject 2, this subject only tested two of
the ME controllers. Figure 53 shows the results from the
friction simulation. Figure 54 shows results from the
hydraulic simulation. Similar comments about the velocity
profile apply for this subject. Figure 55 shows data taken
during the trial of the modulated pulse width controller.
Heel rise for this controller was approximately the same as
for the conventional controllers depicted in the two
proceeding figures. Again, note the abrupt hyperextension

impact at the end of swing phase. Figure 56 shows results
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from the threshold counting controller. The performance of

this controller is similar to the modulated pulse width

controller.
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CHAPTER 6 FINAL REMARKS

6.1 INTRODUCTION

This chapter examines what happened during the
course of the investigation and tries to draw reasonable
conclusions. Furthermore, recommendations for further
research are included. In short, the author feels that the
findings of this work are encouraging enough to warrant

further investigation.

6.2 Discussion and Conclusions

Some readers may object to the extreﬁe break
frequencies of the digital filters used in the ME control
schemes. The fact that a lot of information was lost in
this process is granted. However, due to the nature of the
control task, a simple on-off indication of muscle activity
may be quite sufficient input to the control logic. This is
verified by the relative success of the modulated pulse
width controller as compared to the other ME control schemes

which used more of the information contained in the signal.

The fact that all of the ME controllers produced
similar results indicates that further refinement of the
controllers is necessary before selection of the optimum can
be accomplished. Also, better performance criteria need to

be established. Comments solicited from the subjects are
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not extremely useful due to the lack of good afferent
information flow. At best, these comments can provide gross
indications of the success of a particular controller.
Subjective clinical observations are probably better, when
made by a experienced physician but such observations do not
lend themselves easily to quantification. Due to the lack
of data correlating normal gait patterns to basic physical
quantities such as height, weight, sex, and/or segment
length; kinematic data must be used with caution. 1In
essence, for good gait cosmesis, this data should yield
smooth curves without excessive heel rise and a smooth
transition into stance phase. A possible indicator is the
energy dissipated in the magnetic particle break of the
simulator. This approach is valid because the simulator is
approximately conservative with exception of this component.
However, this indicator must be tempered with some
indication of the gait cosmesis since the minimum energy
criterion for the simulator is met by the free swinging or

zero friction mode of operation.

In an absolute sense, this research was not
successful in that it did not verify the author’s hypothesis
that ME activity of remnant stump muscles could be used to
control prosthesis in a manner that produced an acceptable
compromise between energy consumption and good gait

cosmesis. However, the work was certainly a worthwhile
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endeavor for the following reasons. This investigation has
contributed to the data describing ME activity of a
particular subset of the muscles active in above-knee
amputee gait. Furthermore, the work has shown that current
technology allows acquisition of good ME data from the
above-knee stump. The work indicates that ME control can be
used effectively to control a passive prosthesis in a manner
symbiotic with the amputees intent. Still, further
development is necessary. Velocity modulation of the
agonist-antagonist pair used in this research proved to be a
very good way to control a passive device. Finally, the

project was successful as an educational experience.

6.3 Recommendations for Further Research

The controllers developed in this research are in
need of further refinement. Such refinement could encompass
many details. The efficiency of the software embodying the
controllers could be improved. Also, perhaps a controller
based upon the modulated pulse width controller could
devised which looked at a couple of threshold levels.
Further experimentation with the controllers discussed above
is necessary to improve their efficacy as measured by gait
cosmesis. It would be interesting to plot the energy input
into the simulator magnetic particle brake along with the
kinematics during experimental sessions to learn more about

the trade off involved between energy consumption and gait
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cosmesis. Some thought should be given to automating the
optimization of the ME controllers for individuals.
Ultimately, such algorithms should be compatible with
microcomputer limitations. In another area, research of
normal gait patterns to find correlations of the type
discussed above could help describe "good gait' for an
individual. Other work could be done using the data
acquired and stored during this project to examine the

feasibility of controllers for an active prosthesis.
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APPENDIX 1: Selected Circuit Diagrams
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APPENDIX 2: Selected Source Listings
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PROGRAM EXPER: Real Time Experimentation



OO0

b tn om0 o000
<3

OO M

o}
LS}

RN e Ne Nev]
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[er Nep]

PROGRAM EXPER

AUTHOR :
Rerry Galloway 15/CCT/€1

Program to rurn Iampe Prcthesis Simulator.
VINGUAL NILATA(Z20¢€e)
TIMENSION AA(2),E(2),
DINENSICN HA(Z),Hz(2)
Iritialyze ANDSH40¢.

CALL ANINIT(IFE;
IF ’IEH.@ .¢) IYPE *,” INITIALIZATICN RRZCE

IPIE=1
NEEAV=ETLY
[ SN a At BN 3
n\.anf\=é
TYF: *,” IITAULTIS EEL NSANM:BCce JNCEAN:S,IFEZ 1, ENTER
A halhalid e hd ha} [ et
ACCTTY '-‘.;Cn}.uu
1T (ICFANG.NEL2) GC IC 127
TYID *,7 LG YGU WISE TO SET NUMERER OF SAMPLEST(Iir=xclL4
ACTITT =,NES
IT O(NSUNZL1Y GC TIC 1e
TYPL ¥,  INTER NUMEER OF SEMFIES. (MULTIPLE OF 2) °
LCCIZT =, NSAF
.-~ - A ’ - - ~p N .
TIFI *, S¥7T SIMUIATICON GAIN. °
ECCZIFT *, GaIN
ITCr=¢
TYPT ¥, INTEE TEL NUMEER OF CEANNZIE 1IC SAMFLE.”
ACCITFT = ,KCEEN
TYFTI ¥,” wis7T 15 TET CLCCK FFEIOD(msecs)?
ACCZFT *,IFZF
Creox for virtuel arréey overflow.
ICETH=NCEANSNEAN
17 (ICE;K.LI-yLZEG) 50 TO 12z
TYPE *,” TCC MANY SAMPLLS rCh AMOUNT CF CHANNZLSE SZECI
CC TO S
STT UF FILI:L CCIZFICIENIS IOF IMG CONTIECL
T=TLOAT(IZIF/1C02.
Ct1l IEFCCEZIF{1¢.,1,%,14,LF,LC)
CpALL BPCCFF(2C.,1,2,EA,EE,EC)
Colect tre sirulatiecr ycu wish

——-—————_——————_—_—_——-—_—...—————_———.—-——-_-———_-—_-—---————-————_--————_——.——.——....—

.____._—._...________..._____—..-_.___—._..._....._,...__-.___..___.___._.._—__-_—....-_.__.__.__—__..._._._

€ TO CEANGE.S
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TYFE *,” SELECT FFOM THE FOLLOWING SINULATIONS:”
1YPE *,° FRICICN ===-=—- ENTER 1°
TYPE *,° VEIOCITY ---==—- ENTER 2°
TYFE *,° TERESHCLD EMG - ENTER 3°
TYPE *,° PULSE WILTE EMG ENTER 4°
TYPE *,° MEAN EMG —------ INTER &~

ACCEPT *,ISIV

IF (ISIM.EC.1) CtILlL FRCSIM(NDAT4 ,NSAM,NCHAN,IPLR)

IF (ISIM.¥C.2) CALL VELSIM(NLATA,NSAM,NCHAN,IFIR)

I7 (1SI#.xQ.2) CRLL THIEMG \NT'ATE ,NSAM,NCPAN ,EA,E?,EC,IFZE)

IT (Isit.z3.4) CrLl TWMEIMG (NTATE,NCSAM,NCRAN ,EA,RL,BC,IPLR)

17 (ISfIr.TC.2) CAIL MREMG (NI T ,NSAM,NCEAN,EA,EF,BEC,L4,LE,1C,IPLR)

TYFT ¥, EIKTZIF 1 TC SiVE TEL TRTR.S
ACCI®T %, ,IVZIIZ

I7T (IXTI®.NWE.1) GC 10 ctE&

I'c 122 J=1,1CELE

WRITE (1,%) NIETR!IG)

CCNTINT®

Clcse date file

CALI CLOSE(1)

TYFT *,7 EINTZF 1 TC TAKZ MORE DATA ON TIFIS ERUN
ACC=ZFT *,ICONT

I7 (ICONT.ZS.1) GC TIC 1g€7

colr

INT

SUSFLUTINE TRCSIM{NIATA,NSAV,NCEAN,IPEIR]
Routine tc give censtent current tc Mrk.

VIZIULL KTLTA(2ZC70)
TYFL *,” ENTER GAIN FOR FrICTION SIMULATION'

ECCTZPT *,IGEIN
ITLTA=IGLINYE

I¥SLv=¢

CLIL TTCA{1,ITLTA,IZR)
CL£I1 :fIDETRT

DC 22 I=1,NCEEN+]

CLIL ALIUIK{IIAT1,
CCNTINUE

IT (ITAT1.17.172¢) GO TC 1¢
IFT (IFSAM.ZC.1) GC TC &€

IFSAM=1

K=¢

o0 4¢ I=1,NSAV
CAII CIXTIX(ITZIR)
CALL ARIETAT

TC 27 J=1,nCHEN
CLII ALQUIK(ILATI)

F=k+1
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NIATA(X)=IDAT1

CONTINUE

CtLlL CL¥PD(ITONE)

IF (ILONE.EC.2) GC TC 25
CONTINUE

TYFE *,° SAMPLING CCMPLEITE’

SUZ? 1FCCFF(CT,T,NS,14,1E,LC)
LIMENSICN LA(NS),IF(NS),LCi{NE)
FI=2.1412G2cZ2€

G CF=CSIN(CT#FI¥T)/CCS{CTF*FI*T)

-0 17 E=1,KR5
CS=CCS(FLOAT (2% (F4NS)-1 )¥FI/FLOAT(4%N5) )
T=1./(1.4WCFHWCF-2.¥WCEXCS)

LE(V ) =WOTaWNIr*Y

LIl =2 ¥ {(WCFFWCP-1.0%X
TCIE)=(1.+WCP*wCT+2 . ¥WCP*CE ) *)

CCnTINUE

FETUEN

TnT

CUITLUTING VELSIM{NILTRE,K32M, NCEAN,IPIR)

TLUTINE TO SINMUIATZ A EYDRAUIIC FROSTEESIS

TIRTULL NLATE(ZZ22C)

TVrD *,” SIT GAIN FCR VELCCITY S<ULREL SIMUIATICN
ACCITFT =, IGLIN

ITSAM=?

K=<

CLIT ATETH

TO €7 I=1,LW0FEENA]

CALL £TCUIVIIRTL!

T (1.T2.20 IVTL=1DAT1-¢10 12 VOLT OF
CINTINLYE

IVEL=IY?L/1C?

ITATA=IVE #*IGARIN

CeIl T30 A(; ILer 1Xr)

17 (IZ- Ii.lffi\ GS TO 1«

ir (ITS}H.IC.l, GC TIC ¢¢c¢

1TSAM=1

0 el 1 NSRt

Cel1l CL E(IFTR)

¥=XK+1
NCATA(K)=IL:T
1¥F (1 vr o) 1V
CONTINUL
IYEL=IVII/1C?
ITETA=IVTL*%Z*ICGAIN
CATI TTOA(1,ITATE,IZR)

t1
—
—
+
hag
k]
-
[N
—
©

w
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CALL CLXFIL(ITONE}

I¥ (IDONE.ZQ.2) GO TO 25
CCNTINUE

TYFE *,” SAMFLING COMPLETT”
GO TO 1¢

RETURN

ENT

SUBRQUTINE THDEMC (NI'ATA,NSAM,NCHAN,EA,BE,HC,IPEE)
ECUTINE TO DC TERESFEOID CCUNTING CONIEOL OF TEE SIMULATCR

VIRIUAL NTATA(Z2¢0C)

TIMENSION EA(Z2),BF(3),EC(3)

TYPF *,” INTEF Thi THERESHOLL FOR CUADFICEPS:’
ACCEPT * ,MCUAD

TYPE *,” ENTER THF TEFFSEOLD *0P HANSTRINGS:”
ACCEPT * ,MLAM

TYPE *,” ENTEF QUADRICEPS GAIN FCR TERESFCLL CCUNTING CCNTRCL:
ACCEPT *,IGAIND

TYPE *,” ENTEE HAMSTRINGS GAIN:”

ECCEFT *,IGAINE

IFSEM=¢

M=2

NESUM=¢

NCSUM=g

IPATA=ISUM*4

CAII DTCA(1,ITATA,IER)

ISUM=2

LC 22 K=1,4 'UPLATE EACH 4 CYCLES
CALIL ADSTAT

DC 2¢ I=1,NCEAN+1

CALL ATCUIK(IDAT1:

IFT (I.EJ3.2) IVEL=IDAT1

IF (I1.EQ.3) ICQUAD=ILAT1

IF (1.EQ.4) IEAM=IDATI

CONTINUE

CALL FILTEF (IQUAD,HA,HE,HC,-1.)

CAIL FILTER (IBAM,HA,ER,KC,-1.)

IF (IAES(IQUAL).GT.MQJUAL) NQJSUM =NQSUM+1
IT (IALES(IHAVM).GT.MEAM) NESUM=NESUM+1
CONTINUE

IF (IVEL.LT.262) NQSUM=¢

I (IVEL.GT.44¢) NASUM=¢
ISUM=NCSUM*IGAINCNESUM*IGAINE

IFr (ITAT1.1T.1¢0Q2) GC TC 1@

IF (IFSAV.ET.1) GC TO Q¢c@

ITEMP=NSAM/4

IFSAM=1

O 7¢ I=1,1TEVMP

CALL CLKTIK({1)

NESUM=@

NCSUM=¢

ITATA=I5UNM*4

CAILI DTOA(1,ITATA,IER)

ISV =@

LC €2 K=1,4

’



€v
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CAII CILKTIK(IPER)
CALL ATSTAT
DC &€ J=1,NCEAN

M=M+1
CALL ADQUIK(ITAT1)
NDATA(M)=IDAT1
(J. E ?2) IVEL=IDAT1
IF (J ..z ICUAD=ITATI
(J. EC 4) IEAM=IDAT1
CONTINUE
CAIL FILTEF (IQUAT,EL,EF,
CALL FILTFF (IHAV,HL,BR,F

It (IAEQ(ICUAI) GT.M””FD)
IT (IABS{IEANM).GT.MERM)

CCNTINUE

IF (IVEL.IT.2E2) NOSUM=¢
I¥ (IVEL.CT.44¢) NESUVM=¢
ISUM=NCSUM=IGAHINC+NESUM*]
CALI CLXET(ILONE)

IF (ILONE.EQ.P) CC TC €S

CONTINUE

1YPE *,” SAMPIING COMPIFTEL’

GC TO 1¢

FITUPN

INT

SUFPCUTINE FILTEF(ISIG,LA,2,C,SI
LIMENSICN FIN(2,2), AA(S).L\a),C(
DC 1 N=1,4

L0 1 M=1,2

T"I'\J(N,P’)=m
FIN(1,2)=FL1CAT(ISIG)/2¢%.

IO 2 N=1,2
TEMP=AL(N)(FIN(N,Z)+SIGN*2.%¥FIN{N,Z
FIN(N+1,2)=TEMNP- E\N)*FIN(N+1 2)- C(\)*FIN(N+1
DC 2 N=1,4

L0 2 MM=1,2

rIN( JM)Y=FTIN(N,MM41)

I1SIG= INT(FI\(é, ) )*k2gs

PI’T‘T k |

Inl

SUITOUTINI EWhItG(NIATA, NCA
FCUTINE IC IC PUICSZ WIZTH CONIRCL CF
VIRTIUAL NIETE(72227)

TIMENSION ERYZ),EER(Z),BC(2)

TYFT *,7 INTIR TEX TERISECLI rOR
ACCEZFT #* ,MIULL

TYFE ¥, ELTIF THI TERESEOLL 7O=
ECCIFT *,NMIAM

TYFI *,7 ENTZIF LUATRICEFS

ECCEET *,IGAING

TYET ¥ 7 FNITR BAMSTIRNGS GAIN
ACCTET * ICLINT
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HC '—10

c,-1.)
NQSUM

GAINE

GAIW FCP FULST WIZTn MCLULAIICH CCHIRCL

)

=NCSUM+1

NESUM=NESUM+1

ZI+FIN(N, 1

yNCEAN,EA,HE,EC, IPEF "

Ir:

CUADRICERS:
EAMSTRINGS:

tay

SIMULLTOR
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TFSEM=2
M=2

NZSUM=@
NeSUM=@

IDATA=ISUNM*1¢Q

CALL DTOA(1,ITATA,IF¥R)

ISUM=¢€

CALL ADSTAT

DO 2¢ 1=1,NCEAN+1

CALL ADQUIK(ILAT1)

IT (1.EQ.2) IVEI=IDATI

I¥ (1.rC.3) ICUAT=IDAT1

IF (I1.¥C.4) IBAM=IDATI]

CONTINUE

CALL FILTEE (IQUAD,EA,HEF,HC,-1.)
CALL FILTEZR (IHAVM,EF,KE,EC,-1.)
I¥ (IAERS(ICUAL).GT.MQUAD) NQSUM =1
IT (IAES(InAM).CT.MEAM) NESUM=1
IF (IVEL.LT.362) NQSUM=¢

IF (IVEL.GT.44¢) NBSUM=@
ISUM=NGSUMFICELINC+NESUM*ICAINE

1T (ITAT1. LT 1072) GC 1C 1¢?

IT (IFSAM.IZ.1) GO 70 cg¢
I78pr=1

DC 7¢ I=1,NSAM

CLII CLETIKV(IFZR)

NESUM=C

hNoSUM=2

ITATE=TISUM*1Q

CALL ITCE({1,ITATA,IER)

ISty = ¢

CAII ATSTAT

IC 5C J=1,NCEEN

M=+

CAII ATGUIK({ITAT1;
NIATE(M)=IIAT1

1T {(5.IC.2; IVEL=ILLT1

I7 (JLEC.Z) IQUAZ=ILLT]

IF (J.1%.4) IrPl*IILTl

CChTINTT

CEII FIITEF (IQUAIL,EL.EEF,dC,-1.)
CALL FILITZIR (IHAH,EA.EE,HC,-I.)
I7 (T2ZS(ICULTY.GT.LIFOUAL) NCSUM =1
IT (TAES{IEEM).GT.MELNM) NESUIM=1
IF {IVEI.LT.3EZ) NQSUM=¢

77 (IVEL.GT.24Q) NESUM=?
ISUM=NQSUNTIGAINS -NESUM¥IGAINE

CLLL CLKRI(iDONI)

IF (IICNE.ZZ.€) GC TO €@
CONTINUE

TYPE *,” SAMFLING COMFLFTE’
GG TC 1¢

EFTURN

-
LA

SUERCUTINE MRE

<VOLT Cr

MG(KDATH, NSAM,NCEAN,RA,EF,HC,1A,IE,IC,IPER)

rSIT
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ROUTINE TC DC PROPORTIONAL CONTRCL OF THX SIMULATCK

VIRTUAL NLATA(2ZeE@Q)
DIMENSICN EA(Z),

BE(2),EC(2),LA(3),LP(2),LC(3)

TYPE *,” ENTFR CUFDFICEPQ GAIA POh PROPORTICNFI FMG CONTROIL:

ECCEFT *,IGAINC

1YPE *,'IRTEE GAIN FOR EAMSTRINGS.
ACCEPT *,ICGAINE

IFSAM=G

v=2

ITATE=1SUM*]1P

CALL ITCA(1,ITATA,IEE)

ISum=¢

CaLl ADSTAT

I'C 2¢ I=1,NCHAN+1

CAIL ADJUIXK(ITAT1!

I¥ (I.FC.2) IVI1=IDAT1

IF (I.EQ.Z) ICUAD=IDATI1

17 (1.25.4) IEEN=ILERT

COs . l\\bl’.

CALLI FTIITIF (I1JUAT,EA,EB,EC, 1.)

CAll =:I7ir (IFAM,EL,FE,EC,-1.)
SULT=TAFS{ICULT]

[EAM=T22CS{IEAl)

T (IVEILIT.2E() IQULEL=¢

17 (IVEL.GT.4¢¢) IEAEM=Q

1SN TCTATHICPING+IFAMRIGAINE
17 (ITAT1.17.1222° GO TC 12
I (IFS&MJEC.1) GC T0 ¢c¢c¢
ITSAv=1

LS 70 I1=1,8528Y

C:iLL CL¥TIV{IFER)
ITATL=ISUNM%XID

CAILl DTCA(1,ITLT4,IER)

ISUNM = ¢

CLIL EISTAT

IC 82 2=1,NCEEN

M=+

CAILL ATSUIF{ILATI1)

NDATZ (M)=12LT1

17 (5.52.2) IVvFl=1T4:T1

17 /0.EC.2) ICQUAI=IDIT1

17 (J.T3.4) IFAM=ITRTL
CCRTINUZ

CtLl FILTEF (ICUEL,RE,EE,5C,-1.)
LI FILTZIR (IELENM,EL,EX,EC,-1.)
120ET=TATS{ICUAD)
IEAF=I}ES(IB AM)

TF (IVEL.IT.Z€2) IQULT=C

17 (IVELI.GT.440) IFfK=C

ISTNM= I“UAB*’”PIKC+IEAM*IGAIKY
CALI CLKRID(IDONE)

183 (Inow:.::.c) GC TO €7
CCNTINTT

TYET %, SAMPIING COMPLETL’
GG 16 1

TTTURY

e a L

Ty

-tV A

n

(@)

-1

’x’
tef
(%)

’
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SUEFOUTINE KFCOZF{FC,T,NS,EA,EE,HC)
DINENSION EA(NS),HE(NS),EC(NS)

PCUTINE TC CAICULATY¥ CCEFFICIENTS FCR DIGITAL
EIPASS FILI:E.

FOR APFLICATION,STY STEARNS "LIGITAL SIGNAL ANALYSIS",

APPENLIX C.

PI=7.,1415CR2€ESCE
KCP=SIA(?C*PI*T‘/CCS( FC*PI*T)
©{ 12¢ X=1,NS

cs=?os(?ICLI(2*(K+Ns\-1)«?1/ 1CELT(&%NE))
FA{Y =1./(1.~WCT*yCF-2 . ¥WCP*CS)

E3 (i) =2. % {wir®wiz-1. :*L;(a;

Cly = (1 ANCPHNCPHE JKWCPRCS J¥ELIR)
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PROGRAM DPROG: Off-Line Data Manipulation
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.1.) CALL SCFT(A,NSEM,ILUM,ITEST,NCEAN;
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INGS ACTIVITY

T2
I'x

NS

Pd
-

Al

I GRIN FOR QUAZRICIFPS ACTIVITY
FOR

TEL GAIN

ves
-
44

- KA\
CCEF(7¢.,.001,3,kA,2,C,GR)

Y
1

N
+GA

.
<

’

'
’
r

sk
hallagd
Ii 3
> >
ot

at

v
o0

~
-

VIR

TYFE

£CCZET *,GAINC
Crll

£CC

~sr
Es



n

LO 2¢ M=%,
CLLL FILTE
22 CONTINUE
IO 1¢ I=1,NSAV

IF (A(2,1).G7..21) Aal2,1)=0.

IF (A(2,1).1T.-.22) A(3,I)=¢.
A(2,I)=AES{A(Z I)*CAINQ)+AE<(A(4.I)*GAINH)
1@ CONTINUE

RETURN

4
R(A,NSAM,AA,E,C,M,-1.)

T e e e G e e e S e e e TR GRS e e e S e e - e G — - — ——— —— " Cw- - - —— — o S G —— - — —— - G Sin S — A t— — ————— o —_—r

SUTFOUTINT FNCTD{A,NSAM,CT,ET)
DIMINSICN RA(Z),E(2),C(Z),GR(2,1¢),80(2)
VIRTULL A(4,452¢"
T001)=CT
FC(2)=ET
Call FPCCZIF(7¢.,.721,3,AA,2,C,GF)
IC 20 M=7,¢
CELL FILTIT(2,N3EM,EL,E,C -1.;
zC CONTINUT
IC 170 I=1,NSE!
LC 1¢ ¥M=2,4
12 IT (AES(A(M,I)).GT.E0(M-2)) &(M,I)=
L2 1€7 I=1,KS:N
IT (A02,7).17.8.1) a(2,1)=2.
I7 (E{2,1).5T.-7.1) Aig,1)=2.
100 A{Z,1)=L{3, 1 4L(4,1)
FZTURN
InD
SUTRCUTINT FCIMG(A,NSAM,3T,ET,KM3EC)
TIMINESICON RE(2),212),C(2),6R(2,2¢),80(2)
VIETURD K{4,4578
£
C CZICr IZ NELM/NMSZIC IS AN EVIN QUCTIENT.
r
!\DCI:'=LSJ":‘/I\I ;LC
E0LI=TLCET INSEY/TLCAT(NMSEC)
CEIy=LCLT-TLCATI{LEILD
1T (CEIX.NZ.2.) TYPL *,° nar“/umuuc IS NCT AN EVEN CUCTIENT. 7
TYFI ¥, WNUOMIIZ CF MILLISEICONLS:’,NMSEC
CAII FZClZr\7&.,.0€1,3,44,F,C, 3)
toli)=
25{g)=
IC ¢ 2,4
CrIl TZr (2, NSAM,AR,F,C,IM,-1.)

-3
(@]
(&)
P
[}
L]
== 0y

] HZCJHI'{:ul)M-
NN oo N BT I N

IC 27 2,4

C 2¢ 1,NSEM ,NMEIC
E{NM,T)=CSTUN

fM=¢

GT.E0O(M=2)) SUM=SUM+1.
AIM, J)=A(F,T)
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12 CCRTINUE
P CCNTINUZ
IC 3 1=1,NSaP
I (A(2,1).5T.2.31) A(&,1)=2¢.
IT (A(2,1).LT.-C.c1) A(3,I)=v.
ac A(2,1)=A(2,1)4L02,1)-5,
RETUERN
END
C _____________________________________________________________________________
C _____________________________________________________________________________
SUTZCUTINE SCFT /A NTAM,ITEST,IDUN,NCEAN)
C FINT STIF FLCM FCSITION DATE
-
VIRTULL Rl{Z,2500)
TC 128 I=1,u¢Sew
1¢7 ITO(E(1,I).IT.2.2) GC TC 110
TYFT *, “Z.LD CT FICORI IURING SURT’
11¢ ISTERT=]
IS 127 J=1,NhSAN
12¢ I¥ {(£{1,J).3T.1.) GO 70 12¢
TYFT *,” ENL (7 RICCFL LURINKG SCRET
122 L3O 147 K=& NSV
140 I7 {(A(1,%).1X.€.2) GO TO 1:¢
TYrr *,” INI CF FTCORD LURING SCFT 7
15¢ WSTIFS=E-ISTAFT
TYFF %, WUFMETER CF SEMPLES IN 37EF: ,NSTZBS
TYFI ¥, 7 NUMITF (F FIFST SAMFLE IN CCD"VP STEF: " ,ISTART
c SEITT TDATRE INIC TFE STANIARZ STEE
C
ITUMN=NSAM-TSTERT
Il 172 1=1,IiT%TV
I0 1€2 J=1,NCFaN
EN0 T =R (T, ISTART 4]}
1€2 CONTINUT
17¢ CONTINUT

o
‘xj
—
(]
[
3
T
t+
jzs!
4
wn
»-
-
(=]
t—-’l
ey
~y
=1
‘1)
(on]
[R4]
(48]

L0 178 I=ILuNM,NSAV

L2 175 J=1,NCEEN
172 (S, )=c.

FITUEN

INL

\-.I)
ic2 CCNTIN
RITURN
IND

SUZROUTINE fILTIMG(A,NSAN)
VIETUAL £(4,452C)
DIMINZICH ‘AP( ) \3).C(3),CB(2,1E)



1¢

CALL HPCCFF(7€.,2.re1,3,AA,E,C,GR)
IC 1¢ M=Z,4

CALL FIITRE(A,NSAM,AA,F,C,M,-1.)
DC 2@ I=1,NSAM
A(2,1)=A(2,1)-
A(4,1)=2(¢,1I)-
RETURN

ENT

N n

5
e,
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PROGRAM THFIND: Threshold Identification



15
25
3L

4z

1%
7z

ED
oe

FRCGRAM TO FIND THE THBRESHOLD IN EMG LATA
VIRTUAL NDATA(4,€0¢2)

DIMENSION AA(2),R(3),C(2),GR(2,18)
NSAM=Z2@4E

NCHAN=4

CALL HPCOEF(7€.,.2€1,2,AA,5,C,GR)

L0 22 I=1,NSAM

TO 1¢ J=1,NCHAN

READ (1,*) ITATA
NDATA(J,I)=IAES(ILCATA)
CONTINUE

CCNTINUE

DO 22 M=3,4
CALL FILTER(NDATA,NSAM,AA,B,C,M,-1.).
CONTINUE

FIND TEI THRESHOLIS.

125=NSAM/4
1E¢=NSAM/2

I75=3%NSAN/4

DC 25 K=1,284€

M=g

DO 15 I=1,NSAM

IF (NTATA{Z,I).1E.K) M=M+1

IF (M.EG.I25) GO TO 3¢

CONTINUE

CONTINUE

TYPE *,’ QUATRICEFS 25% TERESHOLL:’,K
WRITE (2,*) K

DO 42 K=1,204¢

V=2

IC 47 I=1,NSAM

IF (NDATA(Z,I).1E.K) M=M+1

IF (M.EC.I5¢) GO TO 5

CCNTINUE

TYPE *,’ QUADRICEPS 52% TERESHOILD:’,K
YRITE (2,%) K

IC €¢ K=1,2040

M=0

TO €2 I=1,NSAM

IF (NLATA(3,1).LE.K) M=M+1

IF (M.EQ.I75) GO TO 7¢

CONTINTE

TYFE *,° QUADRICEFS 75% THRESEOLL:’,X
WRITE (2,%) K

DO £¢ K=1,204¢

M=g

DO £¢ I=1,NSAV

IF (NDATA(4,I).LE.K) M=M+1

IF (M.EQ.I25) GO TC S@

CONTINUE

TYPE *,° EAMSTRINGS 25% THRESHOLD:’,K
WREITE (2,*%) K

TO 12¢ K=1,204¢



ize
11¢e

12¢
122

>l
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M=0

-DC 1¢€ I=1,NSAM -

IF (N“AT&(é 1).LE.KE) M=M+1

1F (M.EQ. Isz) G0 TO 118

CONTINUE

TYPE *,° HAMSTRINGS 5¢% THRESHOLD:',K
WRITE (2,%) K

LO 12¢ K=1,2240

M=2

D0 12¢ I=1,NSAM

1F (NDAIA(4 1).1E.E) M=M+1

IF (M.EQ.I75) GO TO 130

CONTINUE

TYPE *,’ HAMSTRINGS 75% THRESEOLD:’,K
WRITE (2,%) K

STCP

EINT

SUEROUTINE FILTER\ NDATA NSAM,AR,E,C,ICHAN,SIGN)
VIRTUAL NDATA(4, 822
DIMENSION :Ih(4.u) AA(S) B(3),C(3)

0 1 N=1,4

0 1 M=1,2

FIN(N,M)=D.

IO 4 M=1,NSAM
FIN(1,3)=FLCAT(NDATA(ICHAN,M))/2¢4.8

DO 2 N=1,3

TEMP=AA(N)*(FIN(N, Z)+SIGN*2 XFIN(N,2)+FIN(N,1))
FIN(N+1,3)=T-VP-B(N)*FIN(N+1 2)-C(N)*FIN (N+1 1)
DO 3 N=1,4

DO 3 MM=1,2

FIN(N,MM)=FIN(N,MM+1)
NDATA(ICHAN,M)=INT(FIN(4,3)*224.8)

RETURN

INT
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Selected Machine Language Routines
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ROUTINES FOR KW11-X DUAL REAL TIME PROGRAMMABLE CLOCK.

AUTHOR:
RONNY GALLOWAY 18/0CT/81

WO WO B Vo VO o PO Ve we

«SBTTL - CLKTIK KW1l-K CLOCK ROUTINE

-— - e W - e S A - - D D D . —— - - - - P S G > W G S T S . e - = ———

CLKTIK
CALLING SEQUENCE:
CALL CLEKTIK(IMIL)

€) ©0 9090 o 9091 we wo we we we W

INPUT:
IMIL - NU BER OF MILLISECONDS UNTIL OVERFLOW
13 <o 8 S
CLR ASTAT
MOV QGIMIL(RS),ABUFF 3 LOAD RUFFER
NEG ABUFF
BIS #411,ASTAT 3 ENABLE CLOCK A
RTS PC

«SBTTL - CLERD READ OVERFLOW

ROUTINE:
CLERD
CALLING SEQUENCE:
CALL CLKRD(IDONE)

OUTPUTS

IDONE - IF IDONE IS @, TEE CLOCK HAS NOT OVERFLOWED.
IF IDONE IS 1, THE CLOCK HAS OVERFLOWED.

€0 ©0o we 00 Wo PO WO WO VeV o WO Ve WE CO VO we

BIT #200,ASTAT
ENE DONE
MOV #¢,GIDONE(RS)
BR RE
DONE: MOV #1,CIDONE(RS)
RE: RTS PC




WO WOV Ve WP u5 we WO WS We VO WE WO e

- 131 -

.SBTTL ADINIT = ATOD INITIALIZATION

ROUTINE:
ADINIT
CALLING SEQUENCE:
CALL ADINIT

FUNCTION:
INITIALIZES ANDS540¢.

ADINIT::

e 96 0o WO We W wo WO W wWe WO Ve w)

MOV #1700¢0,R#DROUT + CLEAR

CALL WAITGO

MOV #170000,C#DROUT } CLEAR

CALL WAITGO

MOV #40020,0#DROUT $ SET RANGE TO SINGLE EN
CALL WAITGO

MOV #60020,0#DROUT +RESET STATUS BITS

CALL WAITGO

RTS PC
.SBTTL ADSTAT ~ SET RANGE AND STATUS

ROUTINE:
ADSTAT

FUNCTION:
SETS STATUS AND LOADS ADDRESS FOR ATOD CONVERSION.

DSTAT::

MOV #60000,0#DROUT
MOV #5€¢00,0#DROUT
MOV #@,@#DROUT

BIS #62216,G#DROUT
RTS PC
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+SBTTL ADQUIK -~ ATOD CONVERSION ROUTINE

ROUTINE:
ADQUIK(IDAT1)

FUNCTION:
PERFORMS ATOD CONVERSION ON CURRENTLY ADDRESSED CHANNEL.

D we we 0o vt wo B we we we we wo wo we

DQUIK::

MOV R1,-(SP)

MOV #70000,@#DROUT
TEST: BIT #20¢,G#DRCSR
BEQ TEST ’
MOV G#DRIN,R1
.REPT 4
ASR R1
<ENDM
MOV R1,QRIDAT1(RS)
MOV (SP)+,R1
RTS PC

-e
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