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Abstract

In regard to this Teddy Bear project, I must acknowledge it is a recreation of my university
work. Thus, the fundamental element of the project is reused from the past project in my university
era. As it as a may, still some new challenges are prepared for the high school students under my care.

The project overview would be to detect a neural signal vibration of a human by means of an
acoustic non-invasive extraction (Let’s call it an Acoustic Muscle Signal Sensor: AMS sensor). Then,
using Cerebot MX4cK (the U.S. Digilent inc. production) processing unit, the sound signal is processed
to output 5 servomotor controlling signal to realize Teddy Bear dancing movement. This unit contains
PIC 32 microcontroller and several I/O ports and 8 servo connectors and etc. and allows a programmer
to use either MPLAB IDE or MPIDE as an integrated developmental environment tool, for that PIC
method or Arduino method can be chosen to program this device. MPIDE was used to program the
consequent servomotor movements to realize the dancing sequences each time “the AMS sensor is
clicked.” By clicking, it means each time a user makes the mouse clicking motion wearing the AMS
sensor, the device is activated to perform a sequential dance movement as the sensor detects the muscle
movement.

The above project description also intended to serve as 4 fundamental elements of project
attractions. Firstly, the sensor circuit was built by the positive printed circuit board to understand the
flow of the electric circuit mass production. Secondly, there is a relatively low difficulty mechanical
handicraft to build the inner-structure of the Teddy Bear. Thirdly, The Muscle signal Analysis to
understand the waveform of acoustic muscle signals by using a 2 channel Oscilloscope, and process the
original signal to revile the frequency domain and the frequency power. Moreover, it is also required
to practice the Cerebot board programming to process the sensor input
signal to Teddy Bear output. Above four tasks except PCB (Printed
Circuit Board) making are carefully assigned to 7 students in my senior
project by their interests and strengths. Therefore, the every one of them
had required making an involvement at the duty he is relatively
comfortable with. Thus, everyone has his sense of belonging to the

project, although; their strengths and/or weaknesses differ from each

other.
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8 Appendix

(1)  Design of a Single Acoustic Muscle Sensor Circuit
There were three distinct stages to the design of the muscle signal sensor. The stages are
Microphone, Amplifier & Offset, and Low-pass filter. Each of the design stages will be explained
with detail in this section including how the values of resistances, capacitances and voltage source were
determined. Nonetheless, since, it would be more appropriate to note briefly how the entire operation
would work before going into the each part of implementation, let’s considering the entire circuit first.

The figure below illustrates the entire single sensor circuit.

R1 =1k, R2 = 20k, R3 = 100, R4 = 10k, R5 = 0~100k (max), R6 = 1k, R7 = 1k,
R8 = 1k, R9 =1k

CO =1pF, C1=22pyF, C2=22yuF, C3=10puF, C4=4.TuF

5 Circuit Implementation of the Acoustic Muscle Signal Detection Sensor

First, using the microphone, the sound signal was extracted. A microphone simply catches the
air vibration and converts the pressure to voltage. In this stage the signal was still small and the sound
including 0 Hz to 10000Hz of wide range of voice & muscle sound mixed. Note that muscle
movement was not audible since the human ear only could detect the certain range of frequency (20 Hz
~ 20 KHz), and the muscle signal was lower than the range of a human’s hearing ability. Second, the
sound signal was amplified and given an offset, so that the negative range of the voltage can be
detected. This was because the power was DC, and the microphone would not be able to send a signal
in negative range of the voltage without offsetting the signal to certain level of voltage. The offset of
1V was used for our sensor. Finally, the low pass filter was employed to eliminate the undesired
frequency components of the sound signal. For our purpose to extract the fundamental signal for the
muscle movements, the cut-off frequency was set to be 25 Hz.  The output port of muscle signal

voltage is shown in the Fig.1 and denoted as Vs.



