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Kinect Validation Studies - 05/11/2018 
 

Stone, E. E., & Skubic, M. (2011). Passive in-home measurement of stride-to-stride gait 
variability comparing vision and Kinect sensing. In 2011 Annual International Conference 
of the IEEE Engineering in Medicine and Biology Society (pp. 6491–6494). 
https://doi.org/10.1109/IEMBS.2011.6091602 
 

Abstract: We present an analysis of measuring stride-to-stride gait variability passively, in a 
home setting using two vision based monitoring techniques: anonymized video data from a 
system of two web-cameras, and depth imagery from a single Microsoft Kinect. Millions of older 
adults fall every year. The ability to assess the fall risk of elderly individuals is essential to 
allowing them to continue living safely in independent settings as they age. Studies have shown 
that measures of stride-to-stride gait variability are predictive of falls in older adults. For this 
analysis, a set of participants were asked to perform a number of short walks while being 
monitored by the two vision based systems, along with a marker based Vicon motion capture 
system for ground truth. Measures of stride-to-stride gait variability were computed using each 
of the systems and compared against those obtained from the Vicon. 
 
We presented an analysis of the ability of two passive, in-home vision based monitoring 
systems to capture stride-to-stride gait variability which has been shown to be predictive of 
future falls in older adults. First, measurements of length, time, and velocity for individual strides 
obtained from the systems were compared against those from a Vicon motion capture system 
on a set of 87 individual strides. Next, the ability of the systems to measure the standard 
deviation in stride-to-stride gait parameters was compared against the Vicon for the set of 18 
short walking sequences. Results suggest the current implementation of the web-camera 
system may have sufficient accuracy in measuring stride-to-stride variation in stride length, 
while the current implementation of the Kinect system may have sufficient accuracy in 
measuring stride-to-stride variation in stride velocity. Future work will look to refine 
algorithms and further assess the ability of these systems to measure stride-to-stride gait 
variability using a larger number and variety of subjects and walking sequences. 
 

Nguyen, H. A., Auvinet, E., Mignotte, M., Guise, J. A. de, & Meunier, J. (2012). Analyzing gait 
pathologies using a depth camera. In 2012 Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society (pp. 4835–4838). 
https://doi.org/10.1109/EMBC.2012.6347076 
 

Abstract: In this paper, we present a new approach to construct a 3D human skeleton model, 
which is then used to quantify gait pathologies, using a depth camera. First, thanks to the depth 
map, we obtain a human depth silhouette in 3D, from which our method is based to estimate 
each body part position. Second, the angle between the upper and lower legs of the 3D 
skeleton model is calculated. Finally, we show that using only this angle information is enough 
to quantify motion asymmetry. This result has been verified through an experimental study with 
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3 different subjects. Due to its advantages (simple, markerless and low-cost), this method 
is a promising solution for gait clinics in the future. 
 

Clark, R. A., Pua, Y.-H., Fortin, K., Ritchie, C., Webster, K. E., Denehy, L., & Bryant, A. L. (2012). 
Validity of the Microsoft Kinect for assessment of postural control. Gait & Posture, 36(3), 
372–377. https://doi.org/10.1016/j.gaitpost.2012.03.033 
 

Abstract: Clinically feasible methods of assessing postural control such as timed standing 
balance and functional reach tests provide important information, however, they cannot 
accurately quantify specific postural control mechanisms. The Microsoft Kinect™ system 
provides real-time anatomical landmark position data in three dimensions (3D), and given that it 
is inexpensive, portable and simple to setup it may bridge this gap. This study assessed the 
concurrent validity of the Microsoft Kinect™ against a benchmark reference, a multiple-camera 
3D motion analysis system, in 20 healthy subjects during three postural control tests: (i) forward 
reach, (ii) lateral reach, and (iii) single-leg eyes-closed standing balance. For the reach tests, 
the outcome measures consisted of distance reached and trunk flexion angle in the sagittal 
(forward reach) and coronal (lateral reach) planes. For the standing balance test the range and 
deviation of movement in the anatomical landmark positions for the sternum, pelvis, knee and 
ankle and the lateral and anterior trunk flexion angle were assessed. The Microsoft Kinect™ 
and 3D motion analysis systems had comparable inter-trial reliability (ICC 
difference = 0.06 ± 0.05; range, 0.00–0.16) and excellent concurrent validity, with Pearson's 
r-values >0.90 for the majority of measurements (r = 0.96 ± 0.04; range, 0.84–0.99). However, 
ordinary least products analyses demonstrated proportional biases for some outcome measures 
associated with the pelvis and sternum. These findings suggest that the Microsoft Kinect™ 
can validly assess kinematic strategies of postural control. Given the potential benefits it 
could therefore become a useful tool for assessing postural control in the clinical setting. 
 

Han, J., Shao, L., Xu, D., & Shotton, J. (2013). Enhanced Computer Vision With Microsoft Kinect 
Sensor: A Review. IEEE Transactions on Cybernetics, 43(5), 1318–1334. 
https://doi.org/10.1109/TCYB.2013.2265378 
 

Abstract: With the invention of the low-cost Microsoft Kinect sensor, high-resolution depth and 
visual (RGB) sensing has become available for widespread use. The complementary nature of 
the depth and visual information provided by the Kinect sensor opens up new opportunities to 
solve fundamental problems in computer vision. This paper presents a comprehensive review of 
recent Kinect-based computer vision algorithms and applications. The reviewed approaches are 
classified according to the type of vision problems that can be addressed or enhanced by 
means of the Kinect sensor. The covered topics include preprocessing, object tracking and 
recognition, human activity analysis, hand gesture analysis, and indoor 3-D mapping. For each 
category of methods, we outline their main algorithmic contributions and summarize their 
advantages/differences compared to their RGB counterparts. Finally, we give an overview of the 
challenges in this field and future research trends. This paper is expected to serve as a 
tutorial and source of references for Kinect-based computer vision researchers. 
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Funaya, H., Shibata, T., Wada, Y., & Yamanaka, T. (2013). Accuracy assessment of kinect body 

tracker in instant posturography for balance disorders. In 2013 7th International 
Symposium on Medical Information and Communication Technology (ISMICT) (pp. 
213–217). https://doi.org/10.1109/ISMICT.2013.6521731 
 

Abstract: The accuracy of the body-tracking algorithm of Microsoft Kinect SDK was investigated 
with the aim to apply the device to the medical care of balance disorders. We focused on the 
inclination of body posture, assuming that Kinect is used for instant posturography in the test of 
balance. Subjects were asked to participate in several balance tests and the positions of 
motion-capture markers on subjects were recorded simultaneously with Kinect body-tracking 
measurements. After calibrating coordinates and compensating for temporal delay between the 
two sensor systems using a hybrid marker, the correspondence between the body-part locations 
of Kinect and those of motion capture was modeled by a linear combination model of 
neighboring markers with optimal parameters, which were estimated according to the criterion of 
trajectory minimization. The experiment for six healthy adults showed that [Kinect] can 
track body motion at the accuracy required for standard balance tests. 
 

Pfister, A., West, A. M., Bronner, S., & Noah, J. A. (2014). Comparative abilities of Microsoft 
Kinect and Vicon 3D motion capture for gait analysis. Journal of Medical Engineering & 
Technology, 38(5), 274–280. https://doi.org/10.3109/03091902.2014.909540 
 

Abstract: Biomechanical analysis is a powerful tool in the evaluation of movement dysfunction 
in orthopaedic and neurologic populations. Three-dimensional (3D) motion capture systems are 
widely used, accurate systems, but are costly and not available in many clinical settings. The 
Microsoft Kinect™ has the potential to be used as an alternative low-cost motion analysis tool. 
The purpose of this study was to assess concurrent validity of the Kinect™ with Brekel Kinect 
software in comparison to Vicon Nexus during sagittal plane gait kinematics. Twenty healthy 
adults (nine male, 11 female) were tracked while walking and jogging at three velocities on a 
treadmill. Concurrent hip and knee peak flexion and extension and stride timing measurements 
were compared between Vicon and Kinect™. Although Kinect measurements were 
representative of normal gait, the Kinect™ generally under-estimated joint flexion and 
over-estimated extension. Kinect™ and Vicon hip angular displacement correlation was very 
low and error was large. Kinect™ knee measurements were somewhat better than hip, but were 
not consistent enough for clinical assessment. Correlation between Kinect™ and Vicon stride 
timing was high and error was fairly small. Variability in Kinect™ measurements was smallest at 
the slowest velocity. The Kinect™ has basic motion capture capabilities and with some 
minor adjustments will be an acceptable tool to measure stride timing, but sophisticated 
advances in software and hardware are necessary to improve Kinect™ sensitivity before 
it can be implemented for clinical use. 
 

Xu, X., & McGorry, R. W. (2015). The validity of the first and second generation Microsoft 
Kinect™ for identifying joint center locations during static postures. Applied Ergonomics, 
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49, 47–54. https://doi.org/10.1016/j.apergo.2015.01.005 
 

Abstract: The Kinect™ sensor released by Microsoft is a low-cost, portable, and marker-less 
motion tracking system for the video game industry. Since the first generation Kinect sensor was 
released in 2010, many studies have been conducted to examine the validity of this sensor 
when used to measure body movement in different research areas. In 2014, Microsoft released 
the computer-used second generation Kinect sensor with a better resolution for the depth 
sensor. However, very few studies have performed a direct comparison between all the Kinect 
sensor-identified joint center locations and their corresponding motion tracking system-identified 
counterparts, the result of which may provide some insight into the error of the Kinect-identified 
segment length, joint angles, as well as the feasibility of adapting inverse dynamics to 
Kinect-identified joint centers. The purpose of the current study is to first propose a method to 
align the coordinate system of the Kinect sensor with respect to the global coordinate system of 
a motion tracking system, and then to examine the accuracy of the Kinect sensor-identified 
coordinates of joint locations during 8 standing and 8 sitting postures of daily activities. The 
results indicate the proposed alignment method can effectively align the Kinect sensor with 
respect to the motion tracking system. The accuracy level of the Kinect-identified joint 
center location is posture-dependent and joint-dependent. For upright standing posture, 
the average error across all the participants and all Kinect-identified joint centers is 76 
mm and 87 mm for the first and second generation Kinect sensor, respectively. In 
general, standing postures can be identified with better accuracy than sitting postures, 
and the identification accuracy of the joints of the upper extremities is better than for the 
lower extremities. This result may provide some information regarding the feasibility of 
using the Kinect sensor in future studies. 
 

Auvinet, E., Multon, F., & Meunier, J. (2015). New Lower-Limb Gait Asymmetry Indices Based on 
a Depth Camera. Sensors, 15(3), 4605–4623. https://doi.org/10.3390/s150304605 
 

Abstract: Background: Various asymmetry indices have been proposed to compare the 
spatiotemporal, kinematic and kinetic parameters of lower limbs during the gait cycle. However, 
these indices rely on gait measurement systems that are costly and generally require manual 
examination, calibration procedures and the precise placement of sensors/markers on the body 
of the patient. Methods: To overcome these issues, this paper proposes a new asymmetry 
index, which uses an inexpensive, easy-to-use and markerless depth camera (Microsoft 
Kinect™) output. This asymmetry index directly uses depth images provided by the Kinect™ 
without requiring joint localization. It is based on the longitudinal spatial difference between 
lower-limb movements during the gait cycle. To evaluate the relevance of this index, fifteen 
healthy subjects were tested on a treadmill walking normally and then via an artificially-induced 
gait asymmetry with a thick sole placed under one shoe. The gait movement was 
simultaneously recorded using a Kinect™ placed in front of the subject and a motion capture 
system. Results: The proposed longitudinal index distinguished asymmetrical gait (p < 0.001), 
while other symmetry indices based on spatiotemporal gait parameters failed using such 
Kinect™ skeleton measurements. Moreover, the correlation coefficient between this index 
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measured by Kinect™ and the ground truth of this index measured by motion capture is 0.968. 
Conclusion: This gait asymmetry index measured with a Kinect™ is low cost, easy to use 
and is a promising development for clinical gait analysis. 
 

Kiefer, A. W., Kushner, A. M., Groene, J., Williams, C., Riley, M. A., & Myer, G. D. (2015). A 
Commentary on Real-Time Biofeedback to Augment Neuromuscular Training for ACL 
Injury Prevention in Adolescent Athletes. Journal of Sports Science and Medicine, 14(1). 
Retrieved from https://www.jssm.org/review.php?id=jssm-14-1.xml# 
 

Abstract: Anterior cruciate ligament injury and the associated long-term sequelae, such as 
immediate reductions in physical inactivity, increased adiposity and increased risk of 
osteoarthritis throughout adulthood, are a major health concern for adolescent athletes. Current 
interventions for injury prevention may have limited effectiveness, are susceptible to issues of 
compliance and have not achieved the widespread acceptance necessary to promote full 
adoption. Neuromuscular training (NMT) is a well-established training intervention introduced to 
affect change in modifiable biomechanical risk factors to reduce the risk of injury in these 
athletes. Despite moderate success, neuromuscular training is still limited by its reliance on 
subjective feedback and after the fact (i.e., offline) objective feedback techniques. The purpose 
of this commentary is to discuss technological tools that could be used to enhance and objectify 
targeted biofeedback interventions to complement NMT. Electromyography, force plates, 
motion sensors, and camera-based motion capture systems are innovative tools that 
may have realistic feasibility for integration as biofeedback into NMT programs to 
improve training outcomes. Improved functional deficit identification and corrective 
analysis may further improve and optimize athletic performance, and decrease the risk of 
sports-related injury during sport performance. 
 

Lv, Z., Penades, V., Blasco, S., Chirivella, J., & Gagliardo, P. (2016). Evaluation of Kinect2 
based balance measurement. Neurocomputing, 208, 290–298. 
https://doi.org/10.1016/j.neucom.2015.12.128 
 

Abstract: In this paper, the balance measurement software based on Kinect2 sensor has been 
evaluated. Kinect2 sensor is used to analyze the body data tracked from the user and the user׳s 
center of mass (CoM) as well as its motion route on a plane has been obtained. The evaluation 
process includes three steps: (1) compare with golden standard balance measure platform 
intuitively; (2) compare with Wii balance board in numerical analysis level, and further improve it 
according to the consideration of BFP (body fat percentage) values of the users with different 
body types; (3) compare with Wii balance board with various locations of the user in the view of 
Kinect, the relative position of the user׳s feet and WBB, as well as the stance of the user. The 
evaluation results have verified the reliability of the balance measurement approach 
based on Kinect2 sensor. 
 

Gray, A. D., Willis, B. W., Skubic, M., Huo, Z., Razu, S., Sherman, S. L., … Siesener, N. J. 
(2017). Development and Validation of a Portable and Inexpensive Tool to Measure the 
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Drop Vertical Jump Using the Microsoft Kinect V2. Sports Health, 9(6), 537–544. 
https://doi.org/10.1177/1941738117726323 

 
Abstract: 
Background: 
Noncontact anterior cruciate ligament (ACL) injury in adolescent female athletes is an 
increasing problem. The knee-ankle separation ratio (KASR), calculated at initial contact (IC) 
and peak flexion (PF) during the drop vertical jump (DVJ), is a measure of dynamic knee valgus. 
The Microsoft Kinect V2 has shown promise as a reliable and valid marker-less motion capture 
device. 
 
Hypothesis: 
The Kinect V2 will demonstrate good to excellent correlation between KASR results at IC and 
PF during the DVJ, as compared with a “gold standard” Vicon motion analysis system. 
 
Study Design: 
Descriptive laboratory study. 
 
Level of Evidence: 
Level 2. 
 
Methods: 
Thirty-eight healthy volunteer subjects (20 male, 18 female) performed 5 DVJ trials, 
simultaneously measured by a Vicon MX-T40S system, 2 AMTI force platforms, and a Kinect V2 
with customized software. A total of 190 jumps were completed. The KASR was calculated at IC 
and PF during the DVJ. The intraclass correlation coefficient (ICC) assessed the degree of 
KASR agreement between the Kinect and Vicon systems. 
 
Results: 
The ICCs of the Kinect V2 and Vicon KASR at IC and PF were 0.84 and 0.95, respectively, 
showing excellent agreement between the 2 measures. The Kinect V2 successfully identified 
the KASR at PF and IC frames in 182 of 190 trials, demonstrating 95.8% reliability. 
 
Conclusion: 
The Kinect V2 demonstrated excellent ICC of the KASR at IC and PF during the DVJ when 
compared with the Vicon system. A customized Kinect V2 software program 
demonstrated good reliability in identifying the KASR at IC and PF during the DVJ. 
 
Clinical Relevance: 
Reliable, valid, inexpensive, and efficient screening tools may improve the accessibility of 
motion analysis assessment of adolescent female athletes. 
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Shani, G., Shapiro, A., Oded, G., Dima, K., & Melzer, I. (2017). Validity of the microsoft kinect 
system in assessment of compensatory stepping behavior during standing and treadmill 
walking. European Review of Aging and Physical Activity, 14(1), 4. 
https://doi.org/10.1186/s11556-017-0172-8 

 
Abstract: 
 
Background 
Rapid compensatory stepping plays an important role in preventing falls when balance is lost; 
however, these responses cannot be accurately quantified in the clinic. The Microsoft Kinect™ 
system provides real-time anatomical landmark position data in three dimensions (3D), which 
may bridge this gap. 
 
Methods 
Compensatory stepping reactions were evoked in 8 young adults by a sudden platform 
horizontal motion on which the subject stood or walked on a treadmill. The movements were 
recorded with both a 3D-APAS motion capture and Microsoft Kinect™ systems. The outcome 
measures consisted of compensatory step times (milliseconds) and length (centimeters). The 
average values of two standing and walking trials for Microsoft Kinect™ and the 3D-APAS 
systems were compared using t-test, Pearson’s correlation, Altman-bland plots, and the 
average difference of root mean square error (RMSE) of joint position. 
 
Results 
The Microsoft Kinect™ had high correlations for the compensatory step times (r = 0.75–0.78, 
p = 0.04) during standing and moderate correlations for walking (r = 0.53–0.63, p = 0.05). 
The step length, however had a very high correlations for both standing and walking (r > 0.97, 
p = 0.01). The RMSE showed acceptable differences during the perturbation trials with 
smallest relative error in anterior-posterior direction (2-3%) and the highest in the vertical 
direction (11–13%). No systematic bias were evident in the Bland and Altman graphs. 
 
Conclusions 
The Microsoft Kinect™ system provides comparable data to a video-based 3D motion 
analysis system when assessing step length and less accurate but still clinically 
acceptable for step times during balance recovery when balance is lost and fall is 
initiated. 
 
Synopsis 

The articles listed here, demonstrate that Kinect 2 cameras, with the right software algorithms, 
have a level of reliability necessary for clinical and field research. While they cannot match the 
accuracy of multicamera systems like Vicon, their affordability and portability means that they 
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are a preferred tool in many contexts.  
 
In addition to the above articles, Eltoukhy has published a number of articles that validate use of 
Kinect 2 camera. Although the research was done with a proprietary system, Physimax, the 
conclusions of the research validates the Kinect 2 for 3-D mapping and assessment of postural 
control (see Eltoukhy, et. al., 2016).  
 
Since Kinetisense uses Kinect2 camera for markerless MOCAP, practitioners can expect what 
the academic research shows: reliability, portability, and affordability. Beyond this, Kinetisense’s 
unique algorithms means that it well situated to be the preferred biomechanical tool for clinical 
and field research. With Kinetisense, you get  a MOCAP system that instantly produces 
augmented reality that not only speeds up assessment time, but is also used to educate, 
integrate, and motivate the client.  
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