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Khoshelham 2012).  The method of determining 3D position for a given object in the scene is 

described by the Kinect’s inventors as a triangulation process. (Freedman 2010) Essentially, a 

single infrared beam is split by refraction after exiting a carefully developed lens.  This refraction 

creates a point cloud on an object that is then transmitted back to a receiver on the assembly.  

Using complex built-in firmware, the Kinect can determine the three-dimensional position of 

objects in its line-of-sight by this process. (Freedman 2010)  The advantage of this assembly 

(shown below in Figure 1) is that it allows 3D registration without a complex set-up of multiple 

cameras and at a much lower cost than traditional motion labs and robotic vision apparatuses. 

 

Figure 1.  Image of the Kinect with arrows indicating the identity of the cameras. (Dutta 2011) 
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° in all three metrics: 

flexion/extension, varus/valgus, and internal/external rotation. (Gao et al. 2012)  This study 

demonstrates the current “gold standard” in three-dimensional kinematic analysis and yields 

insight into what accuracy is currently expected in the body of research.

O’Donovan

Indeed, it has 

proven so critical that many research teams have addressed this issue. In a study by Khoshelham 

et al., the accuracy of the Kinect’s depth images was evaluated.  First, a camera calibration was 
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performed using a checkerboard setup and parameter bundle adjustment. Next, the Kinect’s 

infrared point cloud was compared with that of a “high-end” laser scanner, the FARO LS 880. In 

this instance, the mean and median discrepancies between the two were very nearly zero. 

(Khoshelham et al. 2012) The results are shown below in Figure 1. 

 
Figure 2.  Discrepancies between the Kinect and commercial laser scanner's point clouds.  Results are plotted as 

histograms indicating the discrepancy length versus number of occurrences. (Khoshelham et al. 2012) 
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Figure 3. Resulting 3D model from the study by Tong et al. The set-up used to attain the model is also displayed. (Tong et 

al. 2012) 
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Figure 4. Interactive GUI. From left to right: RGB camera view, optical tracker data table, 2D graphics with 

accompanying knee angle calculation, viewer window for 3D tibia/femur scene. 
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Figure 5. Schematics of a gait cycle analysis system that analyzes subject movement perpendicularly. 
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Figure 6. Schematic of Kinect gait analysis setup showing a 45° viewing angle.  

 

Finally, it is suggested that analysis be performed with a subject on a treadmill, and a schematic 

for this analysis is provided as well in Figure 7. 

 

 

Figure 7.  Kinect analysis schematic utilizing a treadmill for gait analysis. 
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In order to perform the experiment, the first subject stood in front 

of the Kinect with the knee brace on.  He faced it directly and without flexion of the knee. As the 

subject stood facing the Kinect with a straight leg, a reading was taken of the calculated knee 

angle of the Xbox Kinect.  A reading was then taken from the knee brace.  Next, the subject 

stood at approximately a 45 angle to the Kinect, and the two readings were again taken.  Finally, 

he stood at a 90 angle to the Kinect, and readings were again taken from the Kinect and the knee 

brace.  This process was repeated for knee angles of twenty degrees, forty degrees, and sixty 

degrees, each at relative subject angles of zero, 45 and 90 to the Kinect.  It was again repeated 

with a new subject in order to obtain data for differing body types.  The experimental method is 

pictured below in Figure 5. 
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Figure 8. Experimental method for testing of the Kinect compared to the knee brace.  From left to right: testing a 0 

degree angle, 45 degree angle, and 90 degree angle of the subject relative to the Kinect.  Above are the RGB images with 

their associated 2D rendering directly below. 

 

 

The results of this study yielded some insight into the Kinect’s accuracy (results below in 

Figure 6).  It does not appear that any one particular angle of the subject relative to the Kinect 

seems to improve accuracy.  It is not surprising, however, to note that on the whole, accuracy at a 

90 angle to the Kinect proved to be poor.  This stems from the way that the Kinect determines 

where a human is in a frame.  Because of the way it was trained using machine learning, it 

“expects” to see the person facing it straight on and therefore must make many assumptions if it 

doesn’t see both sides of the subject. (Freedman 2010) These assumptions may have led to the 

decreased accuracy at a 90 subject angle. Furthermore, when the subject is facing the Kinect 

directly and the knee is at an angle that occludes the ankle (i.e. a small angle), the Kinect must 

make inferences about the location of the ankle that also negatively affect the accuracy.   
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Figure 9.  Kinect's measured knee angle as a function of the brace's reading of the knee flexion angle.  Note that for the 

bottom axes, the knee flexion angle = 180 - brace reading. 

  

Results of the study were very similar between subjects. 

Furthermore, many assumptions were made in this experiment and various errors could 

contribute to the results.  Because the purpose of this experiment was to compare the Kinect to a 

knee brace, an assumption was made that the angle given on the knee brace was “correct.”  This 

may not be the case, as human error may play a factor in how the subject is bending his or her 

knee, leading to invalid conclusions regarding the Kinect’s accuracy.  Further error could be 

caused by the noise in the Kinect’s calculations.  Skeleton positions may vary frame-to-frame, 

and depending on when the conductors of the experiment pressed the button to grab a frame of 

data and calculate a knee angle, the Kinect’s results could vary as much as a few degrees.  This 

would further affect the results of the experiment. 

 Overall, this was an interesting experiment to take a cursory look at how the Kinect 

compared to a standard knee brace, but further work must be done in order to get a better idea 
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about the accuracy of the Kinect’s calculations.  It will be interesting to compare the Kinect to an 

optical tracker and see how the results of a deep knee bend compare among the two.  

Furthermore, future work should include a study of the noise in the Kinect’s calculations and 

attempts made to smooth out the data it produces.  A calibration may also provide a way to 

obtain more accurate results.   

 
Figure 10. Above shows a depth image using a single Kinect.  Below is the difference when two are used.  Note the 

surprising lack of excess speckling in the left picture, but marked speckling on the right. 



21 



22 



23 

"Getting Started with Microsoft Kinect SDK - Skeletons." I Programmer. Web. 15 Feb. 2012. 

<http://www.i-programmer.info/programming/hardware/3503-getting-started-with-

microsoft-kinect-sdk-skeletons.html?start=1>. 

 

"Qt - Cross-platform Application and UI Framework." Qt from Nokia. Web. 1 Nov. 2012. 

<http://qt.nokia.com/>. 

 

"Quintic Sports Biomechanics Video Analysis Software.” Quintic Sports Biomechanics Video Analysis 

Software and Sports Bio Mechanics Consultancy. Web. 5 Feb. 2012. <http://www.quintic.com/>. 

 

"Skeletal Tracking Fundamentals (Beta 2 SDK)." Channel 9 - MSDN. Microsoft. Web. 15 Feb. 2012. 

<http://channel9.msdn.com/Series/KinectSDKQuickstarts/Skeletal-Tracking-Fundamentals>. 

 

"Video Motion Analysis for Sports." SportsCAD Video Motion Analysis for Sports. Web. 5 Feb. 2012. 

<http://www.sportscad.com/>. 

 

"Working with Depth Data." Channel 9 - MSDN. Web. 21 Jan. 2012. 

<http://channel9.msdn.com/Series/KinectSDKQuickstarts/Working-with-Depth-Data>. 

“DARPA Grand Challenge Overview,” 2005, 

 

B, Joseph, Reddy K, Varghese RA, Shah H, and Doddabasappa SN. "Management of Severe Crouch 

Gait in Children and Adolescents with Cerebral Palsy." Journal of Pediatric Orthopedics 30.8 

(2010): 832-39. PubMed. Web. 5 Mar. 2012. 

 

Beckett, J., W. Jin, M. Schultz, A. Chen, D. Tolbert, B. R. Moed, and Z. Zhang. "Excessive Running 

Induces Cartilage Degeneration in Knee Joints and Alters Gait of Rats." Journal of Orthopedic 

Research (2012). Web. 

 

Choppin, Simon. "Kinect Biomechanics: Part 1." Engineering Sport Blog. The Centre for Sports 

Engineering Research, 9 May 2011. Web. 13 Oct. 2011. 

<http://engineeringsport.co.uk/2011/05/09/kinect-biomechanics-part-1/>. 

 

Cooper, Glen, Ian Sheret, Louise McMillian, Konstantinos Siliverdis, Ning Sha, Diana Hodgins, 

Laurence Kenney, and David Howard. "Inertial Sensor-based Knee Flexion/extension Angle 

Estimation." Journal of Biomechanics 42.16 (2009): 2678-685. Taylor & Francis Online. Web. 

 

Crémers, J., R. Ba Phan, V. Delvaux, and G. Garraux. "Construction and Validation of the Dynamic 

Parkinson Gait Scale (DYPAGS)." Parkinsonism Related Disorders (2012). Web. 

 

Dutta, Tilak. "Evaluation of the Kinect™ Sensor for 3-D Kinematic Measurement in the Workplace." 

Applied Ergonomics 43.4 (2011): 645-49. Elsevier. Web. 

 

Freedman B., Shpunt A., Machline M., Arieli Y. Depth Mapping Using Projected Patterns. May 13, 

2010. U.S. Patent 2010/0118123 



24 

 

Gao, Bo, Mitchell L. Cordova, and Naiquan Zheng. "Three-dimensional Joint Kinematics of ACL-

deficient and ACL-reconstructed Knees during Stair Ascent and Descent." Human Movement 

Science 31.1 (2012): 222-35. Elsevier. Web 

http://www.darpa.mil/grandchallenge/overview.html 

 

Iorio, R., G. Bolle, F. Conteduca, L. Valeo, J. Conteduca, D. Mazza, and A. Ferretti. "Accuracy of 

Manual Instrumentation of Tibial Cutting Guide in Total Knee Arthroplasty." Knee Surgery, 

Sports Traumatology, Arthroscopy (2012). SpringerLink. 

 

James, Mike. "Getting Started with Microsoft Kinect SDK - Depth." I Programmer. Web. 21 Jan. 2012. 

<http://www.i-programmer.info/programming/hardware/2714-getting-started-with-microsoft-

kinect-sdk-depth.html>. 

 

Jolles, B. M., A. Grzesiak, A. Eudier, H. Dejnabadi, C. Voracek, C. Pichonnaz, K. Aminian, and E. 

Martin. "A Randomised Controlled Clinical Trial and Gait Analysis of Fixed- and Mobile-

bearing Total Knee Replacements with a Five-year Follow-up." Journal of Joint and Bone 

Surgery, Britain 94.5 (2012): 648-55. Web. 

 

Khoshelham, K., and S. O. Elberink. "Accuracy and Resolution of Kinect Depth Data for Indoor 

Mapping Applications." Sensors (Basel) 12.2 (2012): 1437-54. MDPI Open Access. Web. 

 

Lieber, Richard L. Skeletal Muscle Structure and Function: Implications for Rehabilitation and Sports 

Medicine. Baltimore: Williams & Wilkins, 1992. Print. 

 

Liu, Kun, Yoshio Inouea, and Kyoko Shibata. "Physical Sensor Difference-based Method and Virtual 

Sensor Difference-based Method for Visual and Quantitative Estimation of Lower Limb 3D Gait 

Posture Using Accelerometers and Magnetometers." Computer Methods in Biomechanics and 

Biomedical Engineering 15.2 (2012): 203-10. Taylor & Francis Online. Web. 

 

Morris, Julie. Design of an Active Stereo Vision 3d Scene Reconstruction System Based on the Linear 

Position System Model. Thesis. University of Tennessee, Knoxville, 2006. PDF. 

 

O’Donovan, Karol J., Roman Kamnik, Derek T. O’Keeffe, and Gerard M. Lyons. "An Inertial and 

Magnetic Sensor Based Technique for Joint Angle Measurement." Journal of Biomechanics 

40.12 (2007): 2604-611. Elsevier. Web. 

 

Reinbolt, Jeffrey, Tom Buchanon, David Delp, Scott Delp, Ajay Seth, and Rob Siston. Inverse 

Kinematics II, Lecture 16. Knoxville: University of Tennessee. PPT. 

 

Stone, Erik E., and Marjorie Skubic. "Passive In-home Measurement of Stride-to-stride Gait Variability 

Comparing Vision and Kinect Sensing." IEEE EMBS Conference 2011 (2011). IEEE Xplore. 

Web. 

 



25 

Tong, Jing, Jin Zhou, Ligang Liu, Zhigeng Pan, and Hao Yan. "Scanning 3D Full Human Bodies Using 

Kinects." IEEE Transactions on Visualization and Computer Graphics 18.4 (2012): 643-50. 

IEEE Online. Web. 

 

Winter, David A. Biomechanics and Motor Control of Human Movement. New York: Wiley, 1990. 

Print. 


	Three-Dimensional Kinematic Analysis Using the Xbox Kinect
	Recommended Citation

	tmp.1336423253.pdf.7KLLd

