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Summary 
This summary outlines the design and successful implementation of a self-contained 
Electro Myograph. The concept was based on the desire to produce an inexpensive 
small, portable, real-time device for measuring muscle activity for neuromuscular 
analysis. The design and prototype consists of an EMG sensor module, a PIC 
microcontroller module, and two bar graph displays for real-time visualization of the 
muscle activity.  
 
The EMG sensor module development was based on a bi -polar, double differential 
amplifier gathering a signal from three Ag/AgCl surface electrodes running along the 
line of action on the muscle body. A ground electrode was used in conjunction with a 
band-pass filter to minimize the amount of noise generated in capturing the signal.  
This noise can be significant when considering the original signal is on the order of 
2.5mV. 
 

The PIC module was developed to control the data acquisition and distribution. By 
converting the original analog signal to a digital signal, the raw signal could be 
downloaded to a PC for in-depth analysis and manipulated to provide a real-time 
visual representation of the muscle activity. To accomplish this, envelope detection of 
the signal provided a measure of the strength of the contraction, while raw data output 
indicated the frequency of the activity. 
 
The visualization of the signal was accomplished with the use of two bar-graph arrays. 
The first displayed the raw digitized signal indicating the bi -polar nature of the signal 
and its frequency. The second was a linear representation of the strength of the 
contraction visualized on a green/yellow/red warning meter.  
 
The prototype was successfully developed on two etched printed circuit boards and 
powered by standard 9V batteries. The output corresponded to oscilloscope 
measurements of the original analog signal, producing the desired results. The project 
was completed with no insurmountable obstacles for under $200. Future iterations 
could be made smaller and cheaper, and additional analysis techniques could be 
designed in the software to customize the use of the EMG signal. 
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Introduction 
The "design of practical systems, from concept to working prototype - requiring teams 
to exercise creative ability, make assumptions and decisions based upon technical 
knowledge" was the guideline set forth for this project. Upon Dr. Backhouse's 
suggestion, the general project guidelines were to include a PIC microcontroller, and 
some existing schematics upon which to base a project. In fulfilling this goal, the first 
step was to devise a project that was creative, practical, and most importantly, 
realizable. With a strong interest in the development of practical, biomedical products 
and devices, this was the direction pursued for the successful completion of this 
project.  Having some experience with the measurement of muscle activity, a project 
proposal for the development of a stand-alone Electro Myograph was submitted and 
approved. 
 
EMG’s are not a novel idea, and are used extensively within the medical research and 
diagnosis fields for investigation of neuromuscular function. Many of these systems 
are exceedingly expensive, bulky, and complicated. The novel approach that this 
project would employ, would be a self-contained, compact, hand-held, portable, 
battery-operated EMG. This EMG would be easy to use, provide immediate graphical 
display of the muscle activity, and would maintain the ability to download the recorded 
data to a PC for more extensive investigation of the muscle signal.   
 
To obtain the muscle activity data, a bi -polar, double-differential EMG 
amplifier/electrode assembly was sought. Although other types of amplifier/electode 
configurations exist, this configuration had the advantage of being the standard for 
obtaining large-muscle activity from surface electrodes, therefore its signal would be 
consistent with established practice. As well, the double differential set-up is relatively 
inexpensive, not very suscepible to noise, and easy to implement. The basic design, 
was also well established, and could be furnished from the Glenrose Hospital 
Rehabilitation Research Centre, fulfilling the guideline to "not re-invent the wheel". 
 
To handle the data acquistion, PC interface, signal filtering, and data output, the 
PIC16F873 was employed. The advantages of this microcontroller were its relative 
inexpensive cost, on-board analog-to-digital convertor, and the wealth of existing 
knowledge in interfacing and code development available. The PIC would be employed 
to receive the signal, convert it to a digital signal, output that raw digital signal to a PC 
if desired, output the raw data to a graphical display, filter the raw data to detect the 
envelope of the muscle signal, and output that filtered muscle activity signal to a 
graphical display. As both the raw and filtered data graphical displays required analog 
inputs, the PIC was interfaced with a digital-to-analog convertor using SPI protocol to 
achieve the desired output after digital manipulation of the signal. 
 
The real-time visualization of the muscle activity was achieved through the use of 10-
segment bar-graph displays and drivers cascaded to output the desired data. For the 
raw data visualization, a zero-centre meter was designed to display the high frquency, 
bi-polar nature of the muscle signal. For a normal signal, an important observation is 
how much muscle activity is being generated (i.e. the strength of contraction). This 
information can be generated by doing envelope detection on the original signal. The 
greater the number of bars lit, corresponds to a greater number of muscle motor units 
activated, and a stronger contraction or activity. 
 
Each segment of this design was bread-board tested, and then prototyped on an 
etched printed circuit board. The final design was powered by four 9V batteries, and 
produced a stand-alone EMG capable of measuring any muscle's activity via surface 
electrodes. This signal was then filtered, and output to a PC, raw signal meter and an 
average meter.   
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EMG Sensor 

Design 
In order to measure muscle activity with surface electrodes, a high gain, low noise 
sensor was required. Based on standard physiological test guideline knowledge 
acquired through coursework (EE BE 512) and physiological testing (shoulder 
instability study), it was determined that the best approach would be a bi -polar, 
double differential amplifier. Although this could have been designed from scratch, 
based on the encouragement of Dr. Backhouse, an existing basic schematic was 
acquired from the Glenrose Rehabilitation Research Centre. The original design 
developed by Edmond Lou and Narc Oullette consisted of three instrumentation 
amplifiers, two operational amplifiers, a high pass filter, and a low pass filter. The 
three instrumentation amplifiers were cascaded to form the double differential 
amplifier with a gain of 100 (10 from each stage). The resulting signal needed to be 
filtered to meet the requirements of measuring muscle activity known to range from 
100 to 1000 Hz. Signals outside this range would be noise and would need to be 
removed. The high pass filter was designed with a cut-off frequency of 100 Hz using 
the following formula with a resistance of 10k? : 

 

2)(1

1
2

1

RC??
?  

 
The low-pass filter was designed in the same way with a cut-off frequency of 1000 Hz, 
with a resistance value of 100k? . The final gain stage would then need a gain of 10 to 
bring the total gain to 1000, allowing a 5mV signal to be displayed as a full scale 5V 
deflection. This required a resistor value of 180 k?  to be placed before the input to the 
op-amp. The final op-amp was used as a buffer, to prevent any signal reflection. The 
10M?  resistors at the input were designed to produce a high input impedence. The 
circuit was also designed to be powered with a positive and negative 5V supply.  The 
completed schematic can be found in the schematic appendix. 
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Implementation 
The initial circuit was implemented on a breadboard, but did not produce any 
desirable results. Due to the nature of the breadboard, the circuit was large and 
unwieldly, difficult to place in close proximity to the biceps, and had a very noisy 
signal. Having observed the circuit operate successfully at the Glenrose, it was decided 
that implementation on a PCB would be more successful. After applying all of the 
components to a completed PCB, this was in fact found to be the case. A clean EMG 
signal was produced as expected.  

 
 
  

  
  

EMG with no muscle contractions EMG with muscle contractions 
 

Complications and Future Work 
As the circuit had been previously designed and successfully implemented there were 
few complications. Testing the initial circuit in a breadboard would have been 
disheartening, if the characteristics of the circuit were not already known.  
 
The circuit is based on physiological standards and has been tested and used 
extensively. Other than a double sided surface mount configuration to reduce the 
possibility of noise, this design is solid, and needs no immediate work. 
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PIC Module 
The PIC module includes the A/D conversions of the EMG signal, the manipulation of 
this signal by the PIC, and the D/A output of the signal by the LTC1448.   

 
 

Design and Implementation 
This module has 4 major parts: A/D conversion, RS232 output of raw data, averaging 
(envelope detection) of raw data, and output of averaged and raw data to the D/A 
converter.  This is clearly seen in the following block diagram: 

     
 

10 bit A/D

RS232 
conversion

Averaging 24 bit dual 
D/A

Signal

RS232 Serial
Output

PIC

10 bit A/D

RS232 
conversion

Averaging 24 bit dual 
D/A

Signal

RS232 Serial
Output

10 bit A/D

RS232 
conversion

Averaging 24 bit dual 
D/A

Signal

RS232 Serial
Output

PIC

 
 

Analog to Digital Converter 
 
The 10 bit A/D converter on the PIC was used to convert the EMG signal.  The input 
voltage swing from the EMG amp is – 5V to + 5V.  It is posible to have the PIC use – 5V 
as a reference, but we used  0V instead (see problems later in this section).  Since the 
input voltage range was from 0V to + 5V, the signal was for all intents and purposes, 
rectified.  To make the programing easier to handle (the PIC uses 8 bit data registers), 
only the high 8 bits of the A/D were used.   The application did not require 10 bit 
accuracy, so discarding  the 2 LSBs was acceptable. 

 
The assembler code for the A/D conversion was obtained from the EE 401 PIC code 
page.  The only modification done to this code was the attempt to change the input 
voltage range from (0V to +5V) to (–5V to +5V).  This involved adding the following lines 
of code to the InitADC function: 

 
movlw B’00001000’  ;set reference voltages to Vref+ (RA3) 
movwf   ADCON1  ;and Vref- (RA2) 

 
The result from the A/D conversion was stored in the W register as well as in the 
variable adcval.  This allowed for manipulation and restoration of the original data in 
the W register. 
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RS232 Output 
 
To make the EMG more useful, a method of data output was used.  This would allow 
users to acquire raw data on a PC for further analysis.  The best way to implement this 
data transfer was through a RS232 serial cable.  The PIC Microboard already had the 
proper hardware onboard for this type of communication, so it made sense to use it.  
The code used for the UART was obtained from the EE 401 PIC code page.  The only 
modification done to this code was done to change the baud rate from 9600 to 19200.  
This was done by using the following line of code: 

 
movlw d’12’ ; 19200 baud 

 
To analyze the data from UART, a program needed to be created to convert the serial 
data into a usable form.  Due to time constraints, this program was not developed.  
However, the need to test the output was important.  At this point in the development 
stage the LTC1448 would not be arriving for over 2 weeks so the only way to test out 
A/D conversion was with the UART.  It was deemed acceptable to convert the output to 
ASCII characters representing hex values and then capture these values with 
HyperTerminal.  Once the ASCII characters where captured they were imported into an 
Excel spreadsheet, converted to decimal values and then plotted.   

 
The conversion of the binary A/D values to hex and then to ASCII values was once 
again done with code from the EE 401 PIC code page.  No modifications to this code 
were needed.  However, in order to make capturing the data and importing it into 
Excel easier, a CR was inserted between each value.  This was done with the following 
code: 

 
movlw d’13’  ; move in CR 

 
The following is the reconstructed sinusoidal wave from the output of the 
PIC.

20 Hz - 19200 baud
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Averaging of raw data 
 
The PIC is capable of performing a wide range of operations on any given signal.  Due 
to the nature of the EMG signal, it was decided that envelope detection of the raw data 
would be the most useful type of data processing.  Since the output was a series of 
LED bar graphs, a smooth signal from muscle contractions was desired.  By averaging 
the raw data, the drastic fluctuations in the EMG signal are greatly reduced. 
 
An eight-point average was done on the raw data.  Ideally the eight raw data values 
would be added and the total divided by eight.  Unfortunately the PIC is incapable of 
floating-point math.  To solve this problem, each of the eight raw data values was 
“divided” by eight first.  This was done by bit shifting the value to the right 3 times, in 
essence, dividing by 23.  The averaged value was placed in the high 12 bits of the DAC 
register. 

 
 
 

Digital to Analog Converter 
 
The LM3914 Bar display drivers require an analog signal to driver the LED bar graphs.  
Since the PIC does not have an onboard DAC, an external one was needed.  The source 
code for the LTC1448 was already available on the EE 401 PIC code website, so this 
component was chosen.  This DAC is a SPI device, which means that is only requires 3 
I/O lines from the PIC.  This leaves many of the I/O lines on the PIC open for future 
use.  If a DAC were chosen that was not SPI, it would require 8 I/O lines at the least! 
 
The DAC is a 24-bit dual channel DAC.  This means that it is capable of outputting 2 
different analog voltages, each with 12-bit resolution.  The high 12 bits correspond to 
VA on the DAC and represent the averaged data; the low 12 bits correspond to VB on 
the DAC and represent the raw data. 
 
The source code was obtained from the EE 401 PIC page.  Two modifications were 
made to this code.  The first was to change one of the output pins from RC0 to RC2.  
This fixed the problem with the code not matching the provided diagram.  The second 
change involved timing of the CS signal (see problems later in this section).  The SPI 
output register, SSPBUF, is only 8 bits wide.  This means that this register had to be 
updated 3 times to send out the complete 24 bits.  Three temporary registers were 
used to store the output values until they are sent to the SPI.  These registers were: 
dac_hi, dac_med, and dac_low.  The averaged and raw data were distributed in these 
registers as follows: 

 
 

Average Data Raw Data 
dac_hi dac_med dac_low 

11 10 9 8 7 6 5 4 3 2 1 0 11 10 9 8 7 6 5 4 3 2 1 0 
 
 
When the CS signal was low, the DAC would wait to receive 3 sets of 8 bits from the 
PIC, starting with dac_hi and ending with dac_low.  Once the 24 bits were received and 
the CS signal was high, then the DAC would output two analog voltage values. 



7 
Berg, Seibel   April 9, 2001 

Flow chart 
The following flow chart represents the logic of the PIC assembler code.  Function calls 
to created functions are indicated where necessary.  All other function calls are to 
functions that were obtained from the EE 401 PIC code page and therefore no flow 
chart is provided for these. 
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Complications and Future Work 
During the implementation of the PIC module, a few problems were encountered.  They 
included reference voltages for the A/D converter, baud rate and capture with the 
UART, and timing with the CS signal and the DAC. 

 
 

Reference voltages 
Ideally the PIC would be able to capture the entire swing of the EMG amp.  This would 
require using –5V and +5V as the references.  An attempt was made to use RA2 and 
RA3 for reference voltages.  When the plus and minus 5V supplies were connected to 
the PIC, a short circuit resulted.  Due to the lack of time, we did not investigate this 
problem further.  Our PIC has been through a lot of handling and reprogramming, so if 
one of those pins was damaged it would not be a big surprise.  After this di d not work, 
the code changing the reference voltages was commented out. 

 
 

Baud rate and capture with the UART 
When testing our circuit, we used a function generator as the input.  Our attempt was 
to reconstruct the sin wave.  At low frequencies (20 Hz) we were able to reconstruct the 
wave.  As the frequency increased however, the PIC was not sending data fast enough 
and the resulting waveform resulted: 
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It was determined that we would be able to reconstruct higher frequency sin waves if 
we did not convert the binary representation to ASCII.  This conversion process takes a 
lot of time and in between conversions, data values are lost.  Therefore if a program on 
the host PC could do the binary to ASCII conversion, a higher frequency input could be 
reconstructed. 
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CS signal timing with the DAC 
The first set back with the LTC1448 was waiting for it to arrive.  The entire visual 
display of our project relied on this component and we had to wait weeks for it to 
arrive.  When the DAC was first connected, no signal was received.  The original chip 
was ordered as a DIP, but the chip that was supplied was a surface mount chip.  For 
unknow reasons this chip did not work.  It may have been due to soldering or handling 
of the surface mount chip.  After replacing the chip with a second surface mount one 
we analysed the waveforms from the PIC.  The CS signal must be low before the first 8 
bits are sent to the DAC, and remain low until after the last 8 bits are sent.  If this 
does not happen, then the DAC will not output any signal.  When first tested these 
were the signals outputted: 

 
                            
CS                            
                            
                            
DIN                            

 
 
After increasing the time that the CS signal stayed low, the problem was fixed and 
these are the resulting waveforms: 

 
                            
CS                            
                            
                            
DIN                            

 
 
 
 

Future development 
 
From the PIC programming aspect, the opportunities for future development are 
endless.  This project is a starting block to more complex and useful applications.  
However, the basic reading, amplifying and processing of the EMG signal will be a base 
for future projects. 

 
To increase the rate of data transfer to a host PC, a standalone program could be 
written to convert the data from the UART on a host computer instead of on the PIC.  
This would eliminate the bottleneck at the PIC.  The accuracy of the A/D can be 
increased to 10 bits and the reference voltage can be adjusted to a wider range than 
the 5V we used.   This would allow for more complex projects involving control of 
devices with an EMG signal and the PIC.  Why not make a robot controlled through 
the use of muscle contractions? 
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LED Bar graph displays 
The end goal of the project was to output both the raw and averaged data on some type 
of display.  LTA-1000X Bar Graph Arrays were chosen to display this data visually.    
These displays are 10 segment LED displays available in a variety of colours.  For the 
average data display, 4-cascaded displays were used; for the raw data, 2 zero-centred 
displays were used. 
 
To control these displays LM3914 Dot/Bar Display Drivers were used, one for each 
array.  These drivers are a simple voltage divider with a low and high voltage reference 
setting.  The difference between the reference voltages is divided by ten internally (for 
each bar in the display).  As the signal voltage increases from the low reference to the 
high, the bars progressively light up.  These drivers are also capable of operating in 
‘dot’ mode.  By setting pin 9 to 0V, only one bar at a time will light up.  However, 
operating in ‘bar’ mode produces a more aesthetically pleasing display for this 
application. 

 

Average data display 
 
As described above this display used 4-cascaded arrays.  The colours used were green-
yellow-red-red.  As the averaged signal’s amplitude increased from 0V to 5V the bars lit 
up in progression from green to red. 

 

Design 
 
Setting up one display is a very straightforward process.  To cascade a number of 
displays together however, is another manner.  The data sheets do provide an example 
of cascading 2 displays together, but the explanation provided to cascade a larger 
number together is quite cryptic.  To cascade display drivers together one must figure 
out the voltage-dividing network required for all of the displays.  For example, if your 
input signal is from 0V to 5V and you have 4 displays, then you must divide the 
voltage over all the displays.  Once this is figured out, making the display linear may 
be another frustrating challenge.  Especially since the resistor values one calculates 
rarely exist in the real world! 
 
Intuitively the high reference voltage for the first display would be the same as the low 
reference voltage for the second display and so on.  The drivers in this circuit are 
almost identically connected with the exception of the last driver.  It was decided to 
use common 1k?  resistors to set the offset voltages between the displays, which 
worked very well.  A 470?  resistor was used to control LED brightness on the first 
three drivers (again the last driver is slightly different).  With these common resistor 
values we were able to make a linear display.  Each array corresponded to ~ 1.2V.  The 
display arrangement can be more clearly understood by the following diagram. 

 
 

GREEN YELLOW RED RED 
0V 1.2V 2.4V 3.6V 4.8V 
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Raw data display 
 
The raw data display used two LED arrays.  Unlike the averaged data display, this 
display used a zero-centre arrangement.  The centre or zero mark was set at 2.5V.  
With a zero-centre display, the LED bars illuminate starting at the centre mark and 
move away from the centre.  This is simple with voltages above the centre, but more 
difficult with voltages below the centre voltage.  Any signal with a voltage above 2.5V 
illuminated the ‘positive’ array and any voltage below 2.5V illuminated the ‘negative’ 
display. 

 
 

Design 
 
The design for the centre tap display was slightly modified from a zero-centre meter 
example in the LM3914 data sheets.  The design in the data sheets was for a voltage 
range of –1.3V to +1.3V.  Our design used a voltage range of 0V to +5V, with a centre 
of +2.5V.  With the experience gained from designing the average display, setting up 
the voltage dividers with this circuit was fairly straightforward.  Below is the display 
arrangement for the zero-centre display. 

 
GREEN GREEN 

0V 2.5V 5V 
Centre 

 

Complications and Future Work 
 
One of the biggest problems with using LED displays is the amount of wiring involved.  
For each display there are 38 connections.   When bread-boarding these displays a 
great amount of time and effort is needed for each display.  Placing the displays on a 
PCB makes the de sign more streamlined and tidy.  These displays also draw a larger 
than expected amount of current when all of the LEDs are lit up.  If the displays could 
be strobed at a high enough rate to not be noticeable, the current requirements would 
be greatly reduced. 
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Printed Circuit Board 
Upon completion of the schematics and circuit testing for each section of the EMG, the 
final step was to integrate all of the sections into a final cohesive unit in order to 
complete the stand alone package. This was facilitated by the design and 
implementation of a printed circuit board to mount the EMG sensor components and a 
main PCB to mount the circuitry for the PIC unit, raw data display unit, and the 
filtered data display unit. 

 

Design 
As the initial circuit schematics had been generated in Eagle 4.01 (the latest trail 
version and tutorial available) the natural choice was to use the power of the Eagle 
CAD software to design the board schematics for milling within the Electrical 
Engineering department. Milling the PCB's proved to be futile however, as the interface 
for moving from a board schematic to a milling machine was developed for Eagle 3.55, 
a version not compatible with the recent 4.01. This discovery was made by the 
technicians too late to make redoing all of the circuit and board schematics in version 
3.55 a desirable option. Instead, it was decided that the boards would be etched 
instead of milled, allowing for use of the existing schematics.  
 
This approach posed its own problems, as the only photosensitive boards that were 
available at the time were single sided. While waiting for double sided boards to arrive 
for the main board, the design of the sensor board proceeded as a single sided board. 
Having only four, eight-pin chips on the board made this possible, as the number of 
traces required to cross each other could be minimized. As this was an initial attempt 
at etching a board, the components were not placed in the closest proximity possible 
on the top to allow room for ample traces and soldering. The traces were heavily 
constrained to the bottom of the board using the autoroute feature in Eagle. This was 
the only side of the board available for soldering, and any traces generated on the top 
would require manual attachment of trace wires. It should be noted that the autoroute 
function produced valid board schematics for these constraints, but were deemed to be 
too circuitous, and manual routing based on the general pattern established by auto-
routing was pursued. Although manual routing was far more time consuming, in the 
end it produced a more logical board schematic as traces were laid in a more direct 
fashion.  What additional top traces were required allowed for minimization of via holes 
and the length of the manual surface wires (See Board Appendix).  
 
The main board was both easier and more difficult to design. At the time of the main 
board design, large, double sided photosensitive boards were available, allowing for a 
more lax approach to constraints placed on the traces and vias, and the ability to 
"work" on both sides of the board. The greater difficulty came in numerous forms 
however. The first was the imposed by the trial version of the software available, 
allowing only a 3” X 4” board to be developed. This forced the design to be 
compartmentalized into the PIC, raw output, and the filtered output sections. The 
second obstacle was the greater complexity of each of the sections compared to the 
sensor section. Finally, although both sides of the board were available for traces and 
soldering, each via designed, required the additional drilling of holes and placing hard 
wires though those holes to generate a connection between the top and bottom 
surfaces. As well, since sockets were being used to hold the chips, connections to the 
chip pins could only be made on the bottom surface. Using the knowledge gained in 
the design of the sensor section, the autoroute function was used to obtain a general 
impression of the software's idea on how to best lay out the board, with vias heavily 
constrained. After this impression had been developed, the boards for each of the 
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sections were manually designed for a majority of the traces, with auto-routing used to 
complete a manual, logical design fulfilling the requirements.  
 
The initial design of the main board however, did not produce the desired results when 
etched. Instead, that design and the process to implement it, was considered a 
learning experience. It was found that the traces were too fine to be implemented on 
the double-sided board (although they worked on the single sided), and that many of 
the through-hole pads and vias were too small to etch properly. This was fixed with a 
second, more robust design, with much thicker traces, larger vias, and larger pads. 
The second design required a great deal of thought however, as the overall size of the 
board was still a limiting factor, and the traces could no longer proceed between 
certain components as they previously had (See Board Appendix).              

 

Implementation 
A darkroom was established, containing a 40-Watt Red light bulb, a Verityper Ultra 
Violet Light Box, a pan of developing fluid diluted with water (1:10), a water rinse pan, 
and finally a pan of Ferric Chloride in a warm water bath.   
 
The single sided sensor board was etched first. A mirror image of the bottom of the 
board was first printed on a transparency. The photosensitive board was then removed 
from its light protective packaging and cut to the appropriate size. In the darkroom, 
under red light conditions, the protective plastic cover was removed from the 
photosensitive board, and the mirror image transparency was applied to the 
photoresist surface side of the board with tape. The board was then placed with its 
photoresist surface and transparency, face down in the UV light box, the lid was closed 
and the photoresist on the board was exposed to UV light for four minutes. This 
exposed only the photoresist not covered by the positive image of the PCB traces on 
the transparency. After exposure, the transparency was removed from the board while 
still under red light. The board was then placed in the developing bath and gently 
rocked until all of the photoresist was removed except for the positive traces 
(approximately 2 minutes). After the photoresist has been removed, the board was 
rinsed in the water bath, and red light conditions were no longer necessary. At this 
point the positive traces were visible as green outlines on the copper surface of the 
board. The board was then placed in the warmed Ferric Chloride solution to dissolve 
copper not covered by the photoresist from the surface of the board. This process took 
approximately 10 minutes, and produced very sharp copper traces on the board. After 
rinsing the board, all of the necessary holes were drilled for the components, which 
were later soldered to the board.  

 
Etched PCB ready for drilling 
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The double-sided main board was much trickier to implement. As the Eagle 4.01 trial 
version was unable to produce a composite board larger than 3" X 4", each of the three 
sections were printed on transparencies as top trace, and mirrored bottom trace 
images. These six individual transparencies were cut to size, and the top images were 
applied to a full size, blank transparency with cellophane tape. A second full size, 
blank transparency was then taped to the back of the first, on three sides, to create an 
"envelope". The three remaining bottom mirror images were then carefully applied to 
the second transparency to match exactly, the top images in alignment. This had the 
effect of producing a cohesive top and bottom transparency envelope, in which the 
photosensitive board could be placed (See Transparency Appendix). Again, under red 
light conditions, the protective coating was removed from the board; the board was 
inserted in the "envelope" and taped in position so movement between the 
transparencies and the board could be eliminated. The board/envelope assembly was 
then subjected to four minutes of UV exposure on each side in the Verityper, developed 
and etched, as the single sided board was. Subsequently, all of the holes were drilled 
(over 400), vias were soldered with wire to make connections between the sides, and 
the components were applied.  
 

 
 

Dan drilling holes in the PCB 
 

Complications 
Considering the sensor board was an initial attempt, the only complication 
encountered was in cutting the board. Using the board cutter in the lab, the board was 
fortunately cut larger than required, as the cutting process removed approximately ¼" 
of photoresist from the edge, making this area unusable.  
 
The double-sided board's major obstacle was in the creating the transparency 
envelope. If the software allowed for larger boards, all would have been printed as a top 
transparency and bottom. Taping the six sections together to create the envelope was 
not only difficult, but was prone to error. Fortunately the pads and vias were made 
sufficiently large to allow for some misalignment, and all holes were drilled within 
tolerances. One major error was in the use of Eagle's footprint for the PIC 
microcontroller. Although a DIP package, it was much wider than the PIC provided. 
This fact was overlooked until applying components to the board. Flaring the DIP 
sockets to reach the pads solved the problem.  
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Although not related directly to the design and implementation of the board, another 
major obstacle was handling the digital to analog converter. Designed to be a DIP 
package on the board, it arrived as a surface mount. This was a complication as the 
board had been designed in the long interim while the chip was not available (in 
storage, lost, ordered, and finally delivered by the technicians). Thus it could not be 
adequately tested prior to its design on the board. As well, the surface mount package 
needed to be modified to fit the DIP design. Hence "spider legs" were attached to make 
it fit the socket, an effective but unsightly, and none too stable remedy. 
 
Another general complication was due solely to the inexperience in developing a 
cohesive board. Since the boards could not be linked in software, it was not until the 
board had been assembled that such errors as the length of wire required to link 
signal, power and ground lines between the modules was noticed. As well, insufficient 
connectors were built into the board for connection of batteries and the sensor board. 
These problems were easily remedied, but were not terribly elegant. 

 

Future Work 
Future versions of the board layout could be made far more compact and accessible to 
testing, soldering, and interconnection. Using a full CAD package, the main board 
could all be linked with traces, and laid out in a more logical fashion without spatial 
constraints. As well, professionally etched boards would not have the constraints on 
vias, allowing for a smaller overall package. The use of a double-sided board for the 
sensor section could also greatly reduce the package size, and its susceptibility to 
noise. Finally, the use of surface mount packages would further reduce the size, and 
allow greater flexibility on how traces were routed. 

 

 
 

Completed PCB with components 
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Directions for use 
Following is a brief outline for the safe and effective use of the EMG: 
 

1. Remove any hair from the surface to be measured. 
2. Clean the surface with rubbing alcohol. 
3. Apply 3 Ag/AgCl ECG Conductive Adhesive Electrodes to the surface to be measured, as close as 

possible to each other and in a straight line following the line of action of the muscle body. 
4. Apply the ground electrode to an electrically neutral part of the body (eg. the bony prominence of 

the elbow). 
5. Attach the EMG sensor clips to the surface electrodes. 
6. Ensure the system is powered using batteries and not 120V AC while attached to the subject for 

safety. 
7. Begin testing desired muscle activity. 
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Conclusion 
As the goal for this project was to design and implement a practical concept, it can be concluded that this 
was done with success. The concept of a stand-alone EMG is a practical solution to common research and 
diagnosis problems within neuromuscular function. The ability to produce an inexpensive system for this 
purpose is not only practical, but topical. This is particularly true for students within the biomedical 
engineering stream, as there exist limited opportunities to realize medical projects.  
 
This project concluded that a stand-alone EMG could be designed with reasonable difficulty relative to the 
level of design experience existing, and be prototyped for under $200. This prototype fulfilled not only the 
requirements of the course, but also of the proposed project. The EMG system was able to successfully 
measure the muscle activity, transfer that analog signal to the PIC microcontroller for analysis and data 
distribution, and display the resulting data in real-time. Further, it was prototyped on a board capable of 
being battery powered for portability and providing a safe decoupling from any potentially lethal power 
supplies. 
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Appendices 

PIC Code 
 
 
 list      p=16f873            ; list directive to define processor 
 #include <p16f873.inc>        ; processor specific variable definitions 
  
MY_Variables UDATA 
 
 temp   res  1 
 adcval  res 1 
 counter res 1 
 dac_hi  res 1 
 dac_hi_old res 1 
 dac_hi_temp res 1 
 dac_med res 1 
 dac_low res 1 
 rotate_temp res 1 
  
;********************************** 
; 
; SPI output 
; 
; The high 4 bits of the filtered data is output to the high 4 bits of dac_hi 
; The low 4 bits of the raw filtered is output to the low 4 bits of dac_hi 
; The high 4 bits of the raw data is output to the low 4 bits of dac_med 
; The low 4 bits of the raw data is output to the high 4 bits of dac_low 
; 
; High 12 bits go to Vaout (pin 5)LTC1448 
; Low 12 bits go to Vbout (pin 8) LTC1448  
; 
;**************************************************** 
 
RESET_VECTOR  CODE    0x000  ; processor reset vector 
 movlw  high  start  ; load upper byte of 'start' label 
 movwf  PCLATH   ; initialize PCLATH 
 goto   start   ; go to beginning of program 
 
MAIN    CODE 
start 
 call InitADC  ; initialize ADC 
 call InitUART  ; initialize UART 
 call   InitSPI  ; initialize SPI 
 clrf counter  ; clear counter 
 clrf dac_hi_temp  
loop 
 clrf W 
 call GetADC   ; read from ADC 
 movwf adcval   ; store the adc value in var 
 movwf rotate_temp  
 rrf rotate_temp,F  ; rotate adcval right 4 times to handle upper nibble 
 rrf rotate_temp,F 
 rrf rotate_temp,F 
 rrf rotate_temp,W 
 andlw b'00001111'  ; select low nibble 
 movwf dac_med  ; place high 4 bits of raw into low 4 bits of dac_med 
 call put_number  ; output high 4 bits to UART 
 movf adcval,W  ; restore W 
 andlw b'00001111'  ; select low nibble 
 call put_number 
 movlw d'13'   ; move in CR 
 call PutUART 
 movf adcval,W  ; restore W 
 movwf rotate_temp 
 rlf rotate_temp,F  ; rotate adcval left 4 times to handle lower nibble 
 rlf rotate_temp,F 
 rlf rotate_temp,F 
 rlf rotate_temp,W 
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 andlw b'11110000'  ; select high nibble 
 movwf dac_low  ; move low 4 bits of raw data into high 4 bits of dac_low 
 movf adcval,W  ; restore W 
 call filter 
 btfsc counter,0  ; check to see if 8 averages have happened, if yes 
output to DAC 
 call  put_SPI 
 goto loop 
 
; **************** end of main program ************************ 
 
; GetADC obtained from EE 401 website 
; Starts a conversion using the ADC and waits for 
; completion 
; input: W -> lower 3 bits determine which ADC line to use 
; output: W -> upper 8 bits of A-D conversion (lower 2 bits 
;  are still available in ADRESL) 
GetADC 
  
 movlw 1   ; wait for ADC input to settle 
 call Delay   ; ~256 us 
 
 bsf ADCON0,GO  ; start conversion 
 
ADCLoop 
 btfsc ADCON0,GO  ; wait for conversion to finish 
 goto ADCLoop 
 
 bcf PIR1,ADIF  ; clear conversion complete flag 
 
 movf ADRESH,W  ; return upper 8 bits of result 
 return 
;************************************************************ 
 
; InitADC obtained from EE 401 website  
; Initialize ADC to use Fosc/2 and input line 000 
; input line can be selected on a per conversion basis 
; using GetADC 
InitADC 
 bsf STATUS,RP0 
 
 clrf TRISA   ; setup PORT A for input 
 comf TRISA 
 
 bcf PIE1,ADIE  ; disable ADC interrupt 
 
 bcf STATUS,RP0 
 
 movlw B'00000001'  ; initialize ADC  Pin RA0 (2) 
 movwf ADCON0 
 
 bsf STATUS,RP0 
 clrf ADCON1 
 ;movlw B'00001000'  ;set reference voltages to Vref+ (RA3) 
 ;movwf   ADCON1  ;and Vref- (RA2) 
 bcf STATUS,RP0 
 
 bcf PIR1,ADIF  ; clear conversion complete flag 
 
 return 
;******************************************************************* 
 
; Delay obtained from EE 401 website 
; Delay function, uses timer0 to delay execution by an exact amount 
; input: W -> delay time (W*256*4/Fosc seconds) 
Delay 
 sublw 0xff   ; move delay count to TMR0 
 movwf TMR0 
 
 clrf INTCON   ; initialize timer 
 bsf STATUS,RP0 
; movlw B'11011000'  ; 1/1 prescale (WDT) 
 movlw B'11010111'  ; 1/256 prescale (TMR0) 
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 movwf OPTION_REG 
 bcf STATUS,RP0 
 
DelayLoop 
 btfss INTCON,T0IF  ; wait for overflow 
 goto DelayLoop 
 
 bsf STATUS,RP0  ; shut timer off 
 bsf OPTION_REG,T0CS 
 bcf STATUS,RP0 
 return 
 
;************************************************ 
 
;InitUART obtained from EE 401 website 
 
InitUART 
 
 bsf STATUS,RP0 
 
 ; set PORTC pins as inputs (high impedance) 
 bsf TRISC,6 
 bsf TRISC,7 
 
 ; disable uart interrupts (for now) 
 bcf PIE1,RCIE 
 bcf PIE1,TXIE 
 
 ; initialize transmit and receive status registers 
 movlw B'00100100' 
 movwf TXSTA 
 
 bcf STATUS,RP0 
 movlw B'10010000' 
 movwf RCSTA 
 bsf STATUS,RP0 
 
; init baud rate generator 
; movlw 103 ; 2400 baud 
; movlw d'25' ; 9600 baud (see table in pic16f873.pdf) 
 movlw d'12' ; 19200 baud 
; movlw d'6' ; 38400 baud 
; movlw d'3' ; 57.6 Kbaud 
 movwf SPBRG 
 
 bcf STATUS,RP0 
 return 
;********************************************************************** 
 
; PutUART obtained from EE 401 website  
; Waits for the UART to clear the transmit buffer 
; and then sends a byte out 
; input: W -> char to transmit 
PutUART 
 bsf STATUS,RP0 
 btfss TXSTA,TRMT 
 goto PutUART 
 bcf STATUS,RP0 
 movwf TXREG 
 return 
 
; Waits for a byte to be received by the UART 
; output: W -> byte received by UART 
GetUART 
 btfss PIR1,RCIF 
 goto GetUART 
 movf RCREG,W 
 return 
;*********************************************** 
 
;put_number obtained from EE 401 website  
 
put_number 
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 movwf temp 
 sublw 0x09 
 btfss STATUS,C 
 goto letter 
 
number 
 movf temp,W 
 addlw 0x30 
 call PutUART 
 return 
 
letter 
 movf temp,W 
 addlw 0x57 
 call PutUART 
 return 
  
;************************************************ 
 
;InitSPI obtained from EE 401 website  
InitSPI 
 
 bcf PIR1,SSPIF 
 bsf STATUS,RP0 
 bcf PIE1,SSPIE 
 bcf TRISC,5  ; set pins as outputs RC5 
 bcf TRISC,3  ; RC 3 
 bcf TRISC,2  ; RC 2 
 movlw b'01000000'  ; initialize SPI module 
 movwf SSPSTAT 
 bcf STATUS,RP0 
 movlw b'00100000' 
 movwf SSPCON 
 
 clrf dac_hi 
 clrf dac_med 
 clrf dac_low 
 bsf PORTC,2 
 
 bsf PIR1,SSPIF 
 
;************************************************* 
 
; put_SPI obtained from EE 401 website 
 
put_SPI 
 
 movlw 0x10   ; delay between updates 
 call Delay 
 bcf PORTC,2 
 
loop1 
 btfss PIR1,SSPIF  ; wait for finish 
 goto loop1 
 
 bcf PIR1,SSPIF  ; clear spi finished flag 
 movf dac_hi,W  ; send hi byte via spi 
 movwf SSPBUF 
 
loop2 
 btfss PIR1,SSPIF  ; wait for finish 
 goto loop2 
 
 bcf PIR1,SSPIF  ; clear spi finished flag 
 movf dac_med,W  ; send middle byte via spi 
 movwf SSPBUF 
 
 
loop3 
 btfss PIR1,SSPIF  ; wait for finish 
 goto loop3 
 
 bcf PIR1,SSPIF  ; clear spi finished flag 
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 movf dac_low,W  ; send low byte via spi 
 movwf SSPBUF 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 bsf PORTC,2  ; load new value to DAC 
 return 
 
;***************************************************************** 
; 
; filter function written by Dan Seibel 
; input W - raw data 
; output average of 8 raw values 
 
filter 
 incf counter,1  ; increment counter 
 movwf rotate_temp 
 rrf rotate_temp,F  ; rotate W right 2 times = divide by 4 
 rrf rotate_temp,W 
 andlw b'00011111'  ; ensure only good value is kept 
 addwf dac_hi_temp,1  ; add value to be averaged 
 btfsc counter,4 
 call average 
 movwf dac_med 
 addlw b'00001000'  ; add for centre tap offset 
 andlw b'00001111'  ; clear any overflow 
 movf dac_med,W 
  
 return 
 
;***************************************************************** 
; 
; average function written by Dan Seibel 
; move dac_hi_temp to dac_hi 
; 
; clear counter 
average 
 movf dac_hi_temp,W 
 clrf dac_hi_temp 
 movwf dac_hi   ; send average value to dac_hi 
 clrf counter  ; reset counter 
 movf adcval,W  ; restore W 
 
 return 
 
 
 
 end 
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Schematics 

EMG AMP 
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Average Display 
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Raw Display 
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PIC Board 
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Parts list 
EMG AMP 
 

?? 3 - AD621 Instrumentation Amp 
?? 1 - LM6132 Op-Amp 
?? 2 - 10M?  ¼ watt resistors 
?? 1 - 10k? , 100k? , 180k?  ¼ watt resistors 
?? 2 - 16 pF monolithic capacitors 
?? 2 - 1?F monolithic capacitors 

 
PIC 
 

?? 1 - PIC16F873  
?? 1 - MAX232 
?? 1 - LTC1448 DAC 
?? 1 - TC7662 Neg 12V power regulator 
?? 1 - MC7905 Neg 5V regulator  
?? 1 - LM7805 Pos 5V regulator 
?? 1 - 2.1mm Barrel connector 
?? 1 -4001 diode 
?? 1- RS232 serial connector 
?? 12 - 10nF monolithic capacitors 
?? 5 - 100?F electrolytic capacitors 
?? 1 - 4 MHz oscillator 
?? 1 - 4.7k?  ¼ watt resistor 
?? 2 - 330?  ¼ watt resistors 

 
 
Bar Graph Displays 
 

?? 6 - LTA1000 LED displays 
?? 6 - LM3914 bar graph drivers 
?? 7 - 1k?  ¼ watt resistors 
?? 3 - 470?  ¼ watt resistors 
?? 10 - 430?  ¼ watt resistors 
?? 1 - 1.2k?  ¼ watt resistor 
?? 1 – 4.3k?  ¼ watt resistor 
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Etching transparencies 


