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ABSTRACT

This paper describes and embedded microcontroller based EMG switch. The controller
utilizes real time signal processing algorithms to detect volitional activation commands to control
a single switch. Surface EMG signals are filtered and switch activation logic is based on user
selectable features. The switch can be used in situations where the user has minimal muscle
control, but residual motor activation remains. A USB interface is provided to configure the
Flash RAM in the microcontroller allowing access to feature settings. The device may find use
as an access device for computer control, environmental control, and as a backup alarm and
signaling device.
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BACKGROUND

Computer and environmental control access methods for individuals with disabilities
include switches based on physical movement, eye movements (eye gaze systems),
electroencephalograph (EEG), and electromyograph (EMG). Each system has advantages and
disadvantages. There are several advantages to using and EMG based switch. One advantage is
the system can sense weak motor command signals even in cases where motor commands are
unable to move a limb against gravity. Another advantage is that once an activation site has been
identified, the sensor can be attached directly to the skin, and body movements do not disturb the
alignment. Switches based on physical movement and eye movement are extremely sensitive to
position, and slight movement of the sensor with respect to the user can result in unacceptable
operation. Proposed methods to exploit surface EMG signals for human computer interaction
have been described (1,2,3). These methods have been based around a personal computer
performing such functions as signal filtering, feature extraction, and event classification. This
paper describes development of an EMG based single switch based on a mixed signal
microprocessor. Recent improvements in microprocessor technology allow sophisticated signal
processing algorithms to be implemented with low power, low cost components.

PROBLEM STATEMENT

The challenge in the design of an EMG based switch is to reliably convert a surface EMG
signal to an activation signal. EMG signals are a sum of individual motor neuron firings, and are
often contaminated by interference. The waveform measured at the surface is erratic by nature,
but signal processing methods can be used to extract the activation signal from the noise. The
first part of the problem is concerned with the classification of the recorded EMG signal into an
activation state. Determining when the EMG signal exceeds a threshold does not resolve
additional issues which may limit the utility of an EMG based switch. The second part of the
problem is concerned with adapting to different individuals with unique signal characteristics,
and with specialized applications of the switch. Day to day alignment, portability, power supply
management, and operation 24/7 require additional features which can be effectively
implemented with a microprocessor based design.
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METHODOLOGY

Figure 1 shows a block diagram of the EMG based switch, and Figure 2 shows a photo of
the front panel of the device. Elements of the system include an active electrode to make contact
with the skin and provide an amplified EMG signal. For this system the DE2-3 signal
conditioning electrode from Delsys has been employed. The output of the active electrode is
coupled to an analog to digital converter built into the microprocessor. The signal is sampled at
a 1 KSPS rate. The output of the a/d is passed through a digital signal processor. The first stage
of the signal processor is a notch filter to minimize hum. The notch filter is a 2" order digital
filter using a set of difference equations. The output of the notch filter is passed through a
rectification function and then an integrator. The integrator operates over a 50 sample evaluation
interval and is reset to zero for the next evaluation period.

Typical waveforms from data recorded from the forehead are shown in Figure 3. For this
recording the person is asked to activate at a one click per second rate, by lifting the eyebrows.
The electrode was placed near the center of the forehead and held in place with an adhesive strip
provided by the electrode manufacturer. The top trace is the EMG signal from the active
electrode. The second trace is the signal after filtering and rectification. The third trace is the 50
sample integration of the rectified signal.

Timing details of the switch activation logic are shown in figure 4. This figure shows
two user programmable parameters: Minimum On Time and Tailbite Time. The minimum on
time enables the switch for at least the amount of time set by this parameter. When the
integrated EMG signal exceeds the front panel threshold setting the switch closure relay is
energized and a switch closure is activated. Each time the integrated signal exceeds the
threshold a timer is reset and the switch is forced to remain closed for an additional amount of
time set by the Minimum On Time parameter. The figure shows the case of Minimum On Time
set to 150 ms. In cases when the timer counts down and the threshold is not exceeded, the switch
closure is deactivated. When the deactivation occurs a “tailbite” timer is started. The tailbite
timer prevents new activation until it has timed out. The use of these parameters allows a long
activation, and helps minimize double switch closures when only one is intended.

There are several features that can be configured to control the result of activation. One
of the intended uses of the device is to act as an audible alarm to signal a caregiver. Either the
built in audible piezo transducer can be selected as the alarm device and/or the switch closure
relay can be selected. In many cases it is helpful to require and extended activation to trigger the
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audible alarm event. For example if the user falls asleep there may be false activations during
dreaming, which would cause false alarms. The two timing parameters which control the alarm
mode of the device are shown in figure 5. The Alarm Delay Time determines the minimum
amount of time that activation must be held on for an alarm to occur. The Alarm Time is the
amount of time that the alarm remains activated.

There are also several mode selections for the alarm which can be configured over the
USB. The alarm can be disabled, it can be triggered by the EMG signal as described above, it
can be triggered by a low battery, and it can be set to latch on (i.e the alarm timer never times out
and must be reset by a caregiver).

CONCLUSION

10 of the devices have been fabricated and are undergoing long term Beta testing by
disabled users. User comments and suggestions are being incorporated into the microcontroller
algorithms and the circuit board layout. Future work will include development of additional
features to optimize the utility of the devices in standalone and single switch applications.
Development of additional caregiver tools to assist with initial alignment and electrode site
location and optimization will be pursued. Algorithms which make use of the analog nature of
the signal will also be investigated.
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Alternative Text Description for Figure 1 System Block Diagram

The diagram shows three electrode connections, two electrodes and a differential amplifier make
up an active electrode, the third electrode is a ground reference electrode. There are 3 analog to
digital (a/d) converters shown on the diagram. One a/d digitizes the signal from the active
electrode, the second a/d digitizes the signal from a front panel threshold adjustment
potentiometer, and the third a/d digitizes the battery voltage. The digitized active electrode
signal is passed through a digital filter. The output of the digital filter and the digitized threshold
signal are input to activation logic. The activation logic drives a switch closure relay, and
activation indicator, and an audible piezo transducer. The diagram also shows the power supply
details, which include a wall transformer, a charger, a NiMH battery, a DC/DC converter. The
digitized battery voltage is passed through a battery threshold logic block in the microprocessor.
The output of the battery threshold block drives a battery indicator, and an audible piezo
transducer.
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Alternative Text Description for Figure 2 System Photographs
This shows a photos of the front and rear panels of the device.
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Alternative Text Description for Figure 3 Typical Waveforms

The figure shows three time domain signals, the EMG signal which is made up of individual
motor neuron action potentials, a rectified signal which looks similar to the EMG signal but all
values are positive, and a signal resenting the cumulative sum of the rectified signal reset to 0
every 50 samples.
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Alternative Text Description for Figure 4 Switch Activation Details

The figure shows a zoomed in version of one of the activations triggered by eyebrow movement.
The upper waveform is the integrated EMG signal. The second waveform is the resulting
activation signal. It depicts an activation threshold being exceeded 7 times and remaining in the
activated state for a total amount of time of 500 ms. After the last threshold is exceeded the
activation remains true for the minimum on time of 150 ms. After the activation the tailbiter
prevents a subsequent activation until the 200 ms tailbite time has passed.
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Alternative Text Description for Figure 5 Alarm Activation Details

The figure shows a zoomed out version of a programmable alarm sequences. The upper
waveform is 3 activations which do not exceed the Alarm Delay Time of 3 seconds followed by
a fourth activation which exceeds the Alarm Delay Time of 3 seconds. When the activation
exceeds the Alarm Delay Time the alarm mode is started and continues for the Alarm Hold
Time, which in this case sounds the alarm for 4 seconds.



