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Safety and Ethics Guidelines 
The following rules and guidelines are intended to ensure the safety of all students 
participating in the ENGG*3150 Engineering Biomechanics lab section.  Please 
familiarize yourself with these guidelines and review them before each lab session.   
The telephone is located on the desk in the corner of the lab, room 2193.  In the event of 
an emergency, dial 52000.  The Emergency First Aid kit is beside the main door, and the 
shower is located in the room next door. 
Do as instructed by the lab demonstrator.  If you are not sure of something, ask the 
demonstrator before attempting anything.  Inform the demonstrator if you are concerned 
about any potential hazard. 
Food and beverages must not be stored or consumed in the lab at any time.  Live tissue 
samples, which may contain bacteria transferable to food, are often stored in the lab.  
Proper footwear must be worn at all times.  Sandals or open-toed or canvas shoes are not 
appropriate. 
Lab coats, gloves, and safety goggles will be provided if necessary. 
All accidents must be immediately reported to the demonstrator.  
 
Fire procedure: 

1. Inform the demonstrator immediately. 
2. Do not attempt to extinguish it unless you can do so safely. 
3. Turn off all gas and electrical devices, if it is possible to do so safely. 
4. Vacate the area and close all doors. 
5. Pull the nearest wall-mounted alarm. Phone extension 2000 and report the 

location and other relevant information. 
6. Leave the building.  Walk, do not run. 
7. If anyone is suspected of being in the building, report this to the Fire 

Department. 
 

Upon hearing the alarm: 
1. Leave the building by the nearest exit that can be safely used. 
2. Do not enter building until given instruction by the fire department or security               
 

Participation as a subject in the laboratory experiments of this course is strictly voluntary.  
All subject data collected as part of this course is considered confidential and not used 
beyond the original course intent.   Please refer to the university web site for further 
information and guidelines regarding the ethical participation of students in course based 
laboratory experiments. 
 
                



Lab Report Requirements 
 
This lab report should be the sort that you would give to an engineering supervisor who 
had asked you to determine properties of a material or to test and calibrate a device.  For 
this reason, take care in how you present it.  All data must be in SI units.  
The first and third labs are group reports.  Each group member will receive the same 
mark, so attempt to do a fair share of the work.  It is helpful to allocate each section or 
group of sections to a group member.  If there are any problems with workload or group 
management, please contact John Runciman at extension 3072, jruncima@uoguelph.ca or 
Zoryana Salo in THORN 306, zsalo@uoguelph.ca. 
 
The following are some guidelines to consider when preparing your lab reports: 
• All lab reports should be typewritten, double-spaced and use 11- or 12-point font. 
• You must include a title page and a table of contents. 
• Lab reports must be handed in to the ENGG*3150 Biomechanics Assignment Box in 

the foyer of the Engineering Building by 5:00 p.m. on the due date.  Late lab reports 
will be penalized 10% per day. 

 
Your lab report should contain the following items: 
 
Aim of the Experiment:  This section should be a brief statement of what is to be 
achieved in the experiment and how you hope to go about doing it. 
 
Introduction:  This section should provide a theoretical and technical background about 
the experiment including key concepts and equations.  Avoid statements like “to 
familiarize the students with the lab.”  Instead, focus on the theories you will explore and 
the data you hope to obtain. 
 
Materials and Methods:  This section must include a list of the equipment used and a 
step-by-step (numbered) description of the procedure followed.  If appropriate, a diagram 
of the apparatus should be included.  This section should not simply be a re-statement of 
the procedure section of this manual.  You should interpret the Procedure section and 
develop your own step-by-step method. 
 
Results:  In this section, you should present the data you obtained in a concise and 
organized manner.  Focus on trends in the data, not the minor details.  Include the 
equations you used to obtain your data and show sample calculations. 
Charts and tables are an excellent way to display your results.  All tables and charts 
should have descriptive titles and explanations, and all charts should display a legend.  
Ideally, all tables and charts should be stand-alone; that is, the reader should be able to 
understand them without referring to the rest of the report. 



Discussion:  This section should show that you understand the theories you have been 
asked to test.  Explain your data and relate it to the physical world.  Describe how the 
data is expected or unexpected.  Perform an error analysis of what you obtained and 
discuss the sources of error in the experimental method.  It is not sufficient to say that all 
error is due to experimental error; explain where the sources of error may occur. 
 
Conclusions:  The conclusion should be a point-form list relating the results to the 
original aim of the experiment.  For example, state what the value is you set out to obtain.  
It should not be a restatement of the introduction. 
 
Recommendations:  Describe any recommendations for further study on the topic and 
improvements that could be made to the experimental method.  You can also propose any 
related fields where this information may be of use. 
   
References:  List all sources that you have referred to in the body of your report.  These 
can include references to accepted literature values or equations you use in your 
calculations.  You should use proper referencing techniques. 
 
Appendix A – Experimental Data:  A copy of your raw data should be included.  If 
your data was scribbled on a sheet of paper, include this as well.  It should also be 
presented with all calculated data in a table. 



Laboratory 1 – Pedobarograph Calibration and Analysis 
 
Please bring a formatted, blank 3.5” computer disk to this lab. 
This lab is a group project.  Each lab group is responsible for handing in ONE lab report. 
Your report is due 1 week after completing the experiment. If there is any reason that a 
student does not wish to actively participate, please notify the TA or Lab Technician 
ahead of time. 

Purpose 
 
To determine a light intensity-to-pressure conversion factor for the optical pedobarograph 
in the Biomedical Engineering lab.   

Equipment 
 
1 BioPeak pedobarograph system 
2 Solescan Systems or other image capture data collection and analysis software  
3 Intel Pentium computer 

Introduction 
 
A pedobarograph is a gait analysis tool that measures the pressure distribution on the 
bottom of the foot through all stages of the gait cycle.  The optical pedobarograph  in the 
Biomedical Engineering lab uses digital video capture technology to record the pressure 
variations on the sole of the foot.  The subject walks across a glass plate with light 
shining through the sides.  As the foot hits the device, the glass surface deflects due to the 
force, causing the horizontal light beams to reflect downwards and be read by the video 
camera.  The amount of light reflected is proportional to the pressure caused by the foot 
striking the plate.  
The plate is the same as the force plate used for the gait analysis lab.  It is a combination 
force plate-pedobarograph.  The video camera is connected to the computer, which 
records and stores the images, then processes them using a complex image-processing 
algorithm. The resulting images are colour-coded representations of the relative pressure-
distributions on the sole of the foot. 
The pressure is determined by multiplying the percent grey by a calibration factor, Ψ 

GP Ψ=  
where P is the pressure in kPa and G is the percent grey.  Percent grey is a colour 
indicator used in computer graphics and image processing.  In this application, it is a 
number between 0 and 1 that represents the relative degree of whiteness in the image: 0 is 
black (no pressure), 1 is pure white (full pressure). 
Currently, the device is uncalibrated, so no relationship exists between light intensity and 
pressure.  Your task is to determine this relationship by measuring the size of your foot 
and taking a stationary pressure reading, then comparing the pressure reading to the 



pixel-size, the size of your foot and your weight.  You may have to make some 
assumptions, because you will see different pressures at different points on your foot, as 
even the static distribution is not constant.  
The camera captures a viewing area of 547 × 405 mm and displays a resolution of 320 × 
240 pixels. 

Procedure 
 
1. Measure the dimensions of your foot. 
2. Stand at the centre of the plate and a map of your foot-to-floor contact pressure 

distribution will be collected. 
3. The TA will provide you with a JPEG image of your foot.  This image can be 

converted to a matrix using the imread command in Matlab (type help imread from 
the Matlab command prompt to obtain more information about this command). 

Discussion 
 
Knowing your foot-to-floor contact pattern and weight, pixel size and grey level you can 
determine the force you exert on the plate, per pixel.  From this you can determine the 
necessary calibration value, Q. 
Report your calibration coefficient, Q, and all values used in your calculations.  List all 
assumptions made in your analysis and discuss the various sources of error inherent in 
your results and compare the readings for all your group members.  Consider performing 
an error analysis by comparing the results (both the matrices and your final values) of all 
your group members. 



Laboratory 2 - Gait Analysis 
 
Please bring a formatted, blank 3.5” computer disk to this lab. 
 
This lab is an individual project.  Each student should hand in an individual lab report. 
Your report is due 1 week after completing the experiment. If a student does not want to 
actively participate, a subject will be provided.    

Purpose 
 
Determine ground reaction forces and moments and locate the centre of pressure over 
time for a normal gait cycle. 

Equipment 
 
1. Amplifiers 
2. Force Plate 
3. Intel Pentium computer with LabView data collection software 

Introduction 
 
Gait analysis is an invaluable tool for analyzing the static and dynamic stability of both 
human and non-human subjects.  It can be used to identify problem areas caused by 
anatomical pathologies and determine the optimal method of treatment.  
  
A common gait analysis tool is the force plate.  This device measures forces on the 
surface of a plate over time, which can then be resolved into force and moment vectors.  
Many force plate technologies exist, including piezoelectric pads and capacitive foam 
mats.  The force plate in the laboratory uses a glass plate supported by pylons 
instrumented with strain gauges arranged in Wheatstone bridges and connected to a series 
of eight amplifiers.  The pylons deform under a load, causing the strain gauges to 
elongate and change resistance, which can be correlated to a change in voltage read using 
a digital voltmeter or computer. 
 
In this lab, you will walk over the force plate to obtain your gait cycle measured by the 
strain gauges.  The strain gauge voltages will be recorded on an Intel Pentium computer 
using a data collection program.  The sampling rate can be set in the data collection 
program.  The first four channels record the vertical forces for each of the four pylons.  
The fifth and sixth record the x-direction forces, and the seventh and eighth record the z-
direction forces.  



 

 

Procedure 
 
(Before beginning, familiarize yourself with all the required equipment and ensure that it 
is working and has power.  Check with the lab technician if you have any questions.) 
Note: Each of your group members should walk across the force plate as this is an 
individual experiment.  If there is any reason that a student does not wish to participate, 
please notify the TA or Lab Technician ahead of time. You are responsible for attending 
your allocated lab time.  
1. Walk once across the plate with your right foot.  The values will be recorded for you 

and provided for you on a disk. 
2. Measure your weight on the provided scale. 

Discussion 
 
Your discussion should include plots of ground reaction forces and moments with respect 
to time.  This information should be related to your anatomy.  You should also show 
centre of pressure information of the gait cycle.  In this chart, where appropriate, include 
an indication of each stage of the gait cycle.  Include, as well, a Pedotti diagram for the 
stance phase.  Include your body weight on these graphs where appropriate.   
Compare your data with those of your group members, comparing as well the associated 
weight and body type.  If appropriate, reference the comparison to an anthropometrical 
chart.  Perform an error analysis on the data and comment on possible sources of error, 
both in the experimental method and inherent in the device.  Discuss the validity of your 
results. 
A calibration matrix is provided on the next page. 

 
 

    



 
 
 
 
Calibration Matrix 

 
 
 

 
 
 

The calibration matrix, C, can be used to convert forceplate signal output, S, in Volts, to 
forceplate forces, L, in Newtons. 

 
[L] = [C] [S] 

 
Which when expanded yields: 

 
 
 

Fy1  = 578.5*S1 + 113.6*S5 + 94.1*S7 

Fy2 = -1396.7*S2  + 225.9*S6 – 261.5*S7 

Fy3 = -635.1*S3 - 102.1*S6 – 80.3*S8 

Fy4 = -1150.4*S4 – 236.7*S5 + 174.9*S8 

 

 

 

Fx14 = 525.3*S5  ,  Fx23 = 542.5*S6  ,  Fz12 = -492.2*S7  ,  Fz34 = -438.6*S8 

578.5 0 0 0 113.6 0 94.1 0 

0 -1396.7 0 0 0 225.9 -261.5 0 

0 0 -635.1 0 0 -102.1 0 -80.3 

0 0 0 -1150.4 -236.7 0 0 174.9 

0 0 0 0 525.3 0 0 0 

0 0 0 0 0 542.5 0 0 

0 0 0 0 0 0 -492.2 0 

0 0 0 0 0 0 0 -438.6 



Imbedded Light Source

Pylons - Force Transducer

Aluminum Frame

Cables for Force Data Transmission

Pedobarograph

 



Laboratory 3 – Surface Electromyography  
 
Please bring a formatted, blank 3.5” computer disk to this lab. 
This lab is a group project.  Each lab group is responsible for handing in ONE lab report. 
Your report is due 1 week after completing the experiment. If for any reason a student 
group member is not available to volunteer as subject for the experiment, please notify 
the TA or Lab Technician ahead of time. 

Purpose 
 
To investigate the characteristics of electromyography (EMG) signals as they relate to 
muscle function.   

Equipment 
 

1.  Ag/ AgCl surface electrodes 
2. Telemyo, 8 channel telemetry EMG system 
3. Penny and Giles Flexible goniometer 
4. Techkor, 8 channel strain gauge amplifier 
5. 1.5 & 3  kg hand weight  

Introduction 
 
Muscle activation is controlled via electrochemical signals passed along the motor 
neurons to the muscle.  Increased activation typically results increased muscle force 
generation.  Many factors affect the activation level to muscle force relationship.   
 
An EMG system is used to measure muscle activation by sensing and the electrochemical 
activity in the muscle and amplifying it into a useable signal.  In this experiment you will 
be measuring EMG signals via surface, adhesive, electrodes.  The Telemyo EMG system 
in the biomechanics lab is a telemetry based unit where the subject is not directly 
connected to the base unit. It is capable of monoitoring muscle activation through 8 
electrode pairs.  A subject reference electrode is also used in this system to reduce 
unwanted noise.   
 
The goniometer will be used to monitor joint angle.  It is a flexible goniometer that uses 
strain gauge wires embedded in the flexible element to generate an element resistance 
that varies with angles of the ends. 
 
 



Procedure 
 

1 Measure height and weight of subject for use in estimating limb biomechanical 
parameters. 

2 Identify the biceps, which will be the muscle of interest for an arm curl. Fix the 
electrode pair over the muscle belly, with an inter-electrode spacing of 
approximately 5 cm.  Place the reference electrode on the opposite wrist.  Fix the 
goniometer across the elbow. 

3 Power up all the necessary equipment. 
4 With the subject standing quietly, collect a baseline EMG signal and goniometer 

signal for the straight elbow position, then flex the arm to 90 degress and repeat.  
5 Collect a maximum voluntary contraction EMG signal.  
6 Collect EMG and goniometer signals for a series of slow arm curls both with and 

without the hand weights. Repeat these measurements for rapid arm curls. 
7 Save your data, power down the equipment, and gently remove the electrodes and 

goniometer from the subject.  
8  

Discussion 
 
Use anthropometric tables and subject data to estimate limb parameters.   
  
Rectify and normalize your data for baseline and maximum voluntary contraction levels.  
Average your data with a sliding window approach.   
 
Examine the data with respect to changes related to multiple cycles, activation versus 
muscle length, muscle velocity and muscle force generation.   
 
Critically review the experiment and comment on the appropriateness of the techniques 
used, their potential uses and drawbacks.    
 

 
 
 
 
 
 
 
 
 



 
 
 

 


