
 

  

BioMechanics and BioMaterials Lab 

(BME 541) 

Experiment #4  

Biomechanical Analysis  

Dynamic Measurements using Force Plate  

  Objectives  

1. To apply Newton's second law.  

2. To understand Gait Analysis concept and its applications in biomedical engineering  

3. To learn how to analyze and measure gait of a human subject by force plate. 

4. To understand the forces involved during walking, countermovement jump and running. 

5. To observe how the center of pressure changes during different dynamic activities. 

6. To calculate the flight height of a jump from the time of flight.. 

 

Background 

Part A: Force Plate and Gait Analysis 

Gait: is the sequence of walking functions by a single limb. The gait cycle is divided into stance and 

swing phases (Figure1); stance is the entire period of which the foot is on the ground while the swing 

phase is the time the foot is in the air for limb advancement, it begins when the foot is lifted from the 

floor. The last part of the foot to leave the floor is the tow so that subdivision is called “toe off”. 

 

The initial double stance begins the gait cycle. It is the time both feet are on the floor after initial 

contact. Single limb support begins when the opposite foot is lifted for swing. 

Terminal double stance: begins with floor contact by the other foot (contralateral initial contact) and 

continues until the original stance limb is lifted for swing (ipsilateral toe-off). 

 

 

 

 

 

 

 

 

Figure1: Gait Cycle phases 



 

  

 

 

 

  

 

 

 

 

 

Part B: Force Plate and Vertical Jump 
The vertical jump is an essential motor skill in many sports. The success or failure of a sportive action strongly 

depends on the ability of the athlete to jump high and fast .This is the reason why many studies have analyzed the 

vertical jump from a physical point of view, to establish the factors that have to be improved to increase jump 

height.  

There are two types of standing vertical jump: "countermovement jump" and "Squat jump" .In a 

countermovement jump (which will be applied during the lab), the jumper starts from an upright 

standing position, makes a preliminary downward movement by flexing at the knees and hips, then 

immediately and vigorously extends the knees and hips again to jump vertically up off the ground 

(Figure 1). A countermovement jump is an example of a movement that benefits from the ‘‘stretch–

shorten cycle.’’ Many human movements such as running, jumping, and throwing involve muscle 

actions in which the desired motion is preceded by a movement in the opposite direction. The muscles 

are said to be ‘‘pre-stretched’’ before shortening in the desired direction. Experiments have 

demonstrated that a pre-stretch enhances the force production and work output of the muscles in the 

subsequent movement. 

In a squat jump, the jumper starts from a stationary semi squatted position then vigorously extends the 

knees and hips to jump vertically up off the ground. 

 

 

 

 

 

 

 

 

 

 

 

Figure3: Vertical ground reaction force (Fz) 

measured by the force plate during a standing 

vertical jump 

Figure 2: Division of Gait 

Cycle phases 



 

  

Remember: 

 

 
Eq. (1) 

 

 
Considering just the vertical component of this vector equation, the forces acting on the body in the z-

direction are the ground reaction force Fz (t) and the force due to the mass of the body, mg. This can be 

related to the vertical acceleration dVz/dt. 

 

 
Eq. (2) 

 
 

Solving Eq. (2) for dVz/dt and integrating results in an expression for the velocity of the whole body 

center of mass as a function of time: 

 

 
Eq. (3) 

 

Time of flight: 

Center of mass jump height is purely a function of take-off velocity after take-off. Hence during a vertical 

jump, the total impulse that is imparted to the body will determine the jump height that can be achieved. 

 

 

  

 

 

 

 

 

Part C: Force Plate and Running 

Running is a method of terrestrial locomotion allowing humans to move rapidly on foot. Running is a 

type of gait characterized by an aerial phase in which all feet are above the ground (though there are 

exceptions. This is in contrast to walking, where one foot is always in contact with the ground, the legs 

are kept mostly straight and the center of gravity vaults over the stance leg or legs in an inverted 

pendulum fashion. A characteristic feature of a running body from the viewpoint of spring-mass 

mechanics is that changes in kinetic and potential energy within a stride occur simultaneously, with 

energy storage accomplished by springy tendons and passive muscle elasticity. The term running can 

refer to any of a variety of speeds ranging from jogging to sprinting. 

Running requires: Greater balance, Greater muscle strength, Greater joint range of movement 

 



 

  

 

 

 

 

 

 

 

 

 

Equipments: 

1. Kistler type 9260AA6 force plate 

2. DAQ connected to the force plate 

3. PC Computer with BioWare software, connected to the DAQ 

 

Procedure 

Starting up the equipment  

a. Turn on the computer  

b. Turn on the DAQ and let it warm up for at least 30 minutes. 

 

Getting the force plate software ready 

• Start the BioWare software by double clicking on the desktop shortcut or Start      Programs                           

       BioWare. 

 

 

 

 

 

 

 

 

 

 

 

• Select Acquire Trial from the Data menu, or press the Acquire Trial button underneath 

Figure4: Phases of Running 



 

  

the menus. 

• Adjust the length of the trial and the sampling rate as instructed. 

• Click on the Weigh button in the Acquire Trial dialog. 

• While the offsets are being read, do not touch the force plate or any buttons. 

• Once the Body Weight dialog pops up, ask the subject to stand on the force plate. 

• Click on the Okay button. 

 
Collecting force data from a trial 

• In the Acquire Trial dialog, click on the Start button. 

• Do not touch the force plate or any buttons while the offsets are being read. 

• When the Press enter to begin acquisition dialog appears, you are ready to start the trial. 

• Press Enter, or click on the Okay button to start the trial. 

• Walking 

• Instruct the test subject to walk normal along the length of the walkway and making sure that 

he/she starts and ends walking before going on the walkway. 

• Instruct the test subject to walk slow along the length of the walkway and making sure that 

he/she starts and ends walking before going on the walkway. 

• Instruct the test subject to walk fast along the length of the walkway and making sure that he/she 

starts and ends walking before going on the walkway. 

• Export the data for each case. 

 

• Vertical Jump 

• Instruct the test subject to start countermovement jump: start out standing straight up, then 

bend his/her knees, then push off and jump up as high as he/she could, and land back on 

the force plate. 

• Export the data. 
 

• Running 

• Instruct the test subject to start countermovement jump: start out standing straight up, then 

bend his/her knees, then push off and jump up as high as he/she could, and land back on 

the force plate. 

• Export the data. 
 

 

 
• To export data from BioWare, select the Save As option from the File menu. 

� Type in your desired filename. 

� Change the Save as type from BioWare files (.dat) to Text files (.txt) so that you can 

open the data in Excel or other software. 

� Check off all of the variables that you wish to export in the Export Device Data 

dialog box that appears, and click on the Export Data button. 
� This creates a tab-delimited text file that you can open in many different software. 

 


