Estimation of Forces Acting on Human Joints via the Kinect Camera
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Abstract: The Microsoft Kinect camera has been studied extensively in recent years for its ability to capture human motion. This study explored the use of the Kinect camera to evaluate
the forces acting on a person’s joints while exercising. The motion trajectories recorded with the Kinect camera, in conjunction with a set of anthropometric parameters are
applied to a dynamic model to calculate the forces affecting the human’s joints. Since these forces are created, dampened, or counteracted by the muscles, the analysis of these
data can be used to quantify muscular performance and provide recommendations for appropriate exercises.

Motivation Key Concepts

* The elderly and disabled tend to experience reduced mobility that makes it difficult to see a doctor
regularly for advice and treatment.

* The Kinect camera’s ability to capture human motion has been studied thoroughly for 1ts
availability and ease-of-use in-home.

* One of the key aspects of a person’s overall health 1s their muscular strength, or, their ability to
apply force to the joints of their body.

» We seek to determine the forces about the joints of an exercising person using the Kinect camera.

2 Euler Angles

* Euler Angles are a set of three angles specified about
three axes to fully describe the relative orientation of a
body.

* Euler Angles are a convenient way to calculate angular
velocity and acceleration for use in the dynamic model.
* Euler Angles are susceptible to “gimbal lock,” causing
; the temporary loss of a degree of freedom and

/ \ mathematical difficulties. A
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Methods
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* Through the use of these concepts, the human body and its
The dynamics are motion can be reconstructed.
calculated based on
the TMT dynamic Body Parameters and Calculated Forces
model. l * The dynamics of a person can vary widely depending on a
number of factors.
— * To compensate for this, we have built a model that determines
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» This data may be smoothed through the use of a quaternion filter to better represent observed motion.
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* A model can be created that will evaluate the person’s overall health based on these data and recommend
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