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ABSTRACT

Analysis, diagnosis and intervention methods in the biomechanics approach of  the human movement have shown to be 
a field in need of  new tools concerning health sciences, sports, quality of  life and related areas. Therefore, this very study 
has the objective of  verifying standard error of  the Centers of  Mass (CM) on human body segments through Microsoft™ 
Kinect™. Methods: a single subject, height 1.87m, wingspan 1.75m, and body mass 101.10kg, was placed 3.60m far from 
Kinect’s™ lens. For data collecting, the subject was instructed to walk towards the forementioned hardware in a straight 
line until reaching the marked distance of  1.80 from it, and then return to the starting position, repeating this movement 
thrice. Data acquisition rate was set at 30Hz, and 14 body segments CM positions were captured on X, Y and Z axes 
related to the global referential. Data were filtered by FFT, 7Hz cut-off. Standard error was calculated in all of  the three 
situations. Results: the standard error calculated for the 14 body segments  CM matched an equivalent of  1.0x10-4m 
(meaning tenths of  millimeters). Those results corroborate other tests already run, such as accuracy, precision and RMS 
error tests, consolidating Kinect™ potentiality as an analysis, diagnosis and intervention instrument for health sciences, 
sports, medicine, logistics, marketing, human movement, among other fields.
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RESUMO
Métodos de análise, de diagnóstico e de intervenções no aspecto biomecânico do movimento humano tem demonstrado 
ser um setor carente de novas ferramentas no que se trata das ciências da saúde, esporte, qualidade de vida, e áreas afins. 
Sendo assim, o presente estudo tem por objetivo verificar o erro padrão dos Centros de Massa (CMs) dos segmentos 
corporais com a utilização do Kinect® da Microsoft™. Métodos: Um sujeito com estatura de 1.87m, envergadura de 
1.75m e massa corporal de 101.100kg foi posicionado à distância de 3,60m da lente do Kinect®. Para a coleta dos dados, 
o voluntário foi orientado a caminhar em direção ao referido hardware, em linha reta, de modo que o mesmo chegasse a 
distância demarcada de 1.80m do mesmo e voltasse à posição de saída, repetindo essa movimentação três vezes. A taxa de 
aquisição de dados foi de 30Hz e capturadas as posições dos Centros de Massa (CMs) de quatorze segmentos corporais, 
nos eixos X, Y e Z em relação ao referencial global. Tais dados foram filtrados com FFT e cut-off  de 7 Hz, e calculado o 
erro padrão nas três situações. Resultados: O erro padrão calculado para a posição dos 14 CMs foram da ordem de 1,0.10-
4m, ou seja, de décimos de milímetros. Tais resultados corroboram outros testes já realizados, tais como testes de acurácia, 
precisão e erro RMS, consolidando a potencialidade do Kinect® como instrumento para análise, diagnóstico e intervenção 
na área das ciências da saúde, esporte, medicina, logística, marketing, movimento humano, dentre outras.
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	 INTRODUCTION

	 Instruments development and validation 

for the human movement analysis presents great 

relevance both in academic environment and 

daily life situations. The hardware Kinect™ by 

Microsoft™ has demonstrated great potentiality 

in this way for application into medicine, physical 

therapy, sports, neurology, orthopedics, among 

other related areas, attending the anxiety for the 

human movement analysis1.

	 The mentioned hardware presented a great 

evolution from its first to its current version. For 

example, improving the sight field 23% and up to 

200% when it comes to the ability of  identifying a 

number of  individuals simultaneously2.

Concerning Kinect™ reliability, systematic and 

random errors, accuracy and precision, several studies 

approach those aspects1,3,4,5,6,7,8,9. Otherwise, even 

considering those physics quantities calculations, the 

Root Mean Square (RMS) value still consists in the 

most adequate method for instruments validation 

processes, even though it remains associated to the 

static positioning, once it demands a fix referential 

value to allows its calculation10,11.

Determining the CM of  a certain body segment 

must not be mistaken for its Center of  Gravity. 

This last one is defined as a point in a segment 

upon which the gravity force is applied, also being 

identified as barycenter. Otherwise, CM is a fix point 

that represents a body or a bodies cluster whole 

mass, meaning it is a point that behaves as if  all of  

the mass from that segment were concentrated on 

it12.

	 Calculating RMS error values for the body 

segments CM through Microsoft™ Kinect™ 

demonstrated satisfactory results. However, such 

admeasurement has been performed with an 

individual on orthostatic position. Otherwise, it 

suggests2 the calculation of  the standard error 

values having the assessed subject moving, which is 

the objective of  this study.

	 METHODS

	 It has been developed specific software for 

the CM coordinates acquirement from each body 

segment using C# programming language, through 

Visual Studio 2013™ and Kinect for Windows™ 

SDK 2.0 software. The minimal configuration 

demanded for that software utilization are, Windows 

8; 64 bits (x64) dual-core 3.1GHz data processor; 

4GB RAM; 3.0 USB door dedicated exclusively to 

Kinect for Windows or Kinect V2 connection. 

This last one requires an adapter.
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	 Kinect™ was set on a three feet stand, 

and its lens optical center has been kept parallel to 

the floor at 0.75m from it. A single subject, height 

1.87m, wingspan 1.75m, body mass 101.10 kg, was 

placed 3.60m far from Kinect’s™ lens. For data 

collecting, the subject was instructed to walk in a 

straight line towards Kinect™ until reaching the 

marked distance of  1.80m from it, then returning 

to starting position, and repeating this movement 

thrice. Data acquisition rate was set at 30 Hz and 

14 body segments CM positions were captured on 

X, Y and Z axes related to the global referential. 

Those data were filtered by FFT, 7 Hz cut-off, 

accordingly Okazaki et al13.

As the movement for data collecting was drilled, the 

subject started to move from the starting position. 

The demand of  the subject’s body segments CM 

was to be analyzed13 according to Figure 1.

(1) Head – C7-T1 to ear canal. 

(2) Trunk – Greater trochanter to glenoumeral joint. 

(3) Upper Arm Right (6) Upper Arm Left – 

Glenoumeral joint to wrist center. 

(4) Forearm Right, (7) Forearm Left – Elbow to 

wrist center.

(5) Hand Right, (8) Hand Left – Wrist center to 

knuckle II of  third finger.

(9) Thigh Right, (12) Thigh Left – Hip to knee 

center.

(10) Leg Right, (13) Leg Left – Knee to ankle center.

(11) Foot Right, (14) Foot Left – Ankle to ball of  

foot.

Figure 1 - Centers of  Mass (CM) localization

This research has been submitted and 

was approved by the Committee of  Ethics and 

Research from the Methodist University of  

Piracicaba (CEP-UNIMEP) under protocol 

#49/2014 according to the National Health 

Council rules #466/2012. The subject 

volunteered himself  and signed a Free Consent 

Form.

Statistic data treatment by Levine 

equation aimed to verify the Effect Size (ES)15 

due to minimize any possible type II16 error 

occurrences. Power Test matched 0.80, and 

ANOVA two-way adopted as significance p≤0.05. 

Origin 9.0 software was utilized to run data for 

both treatment and statistical analysis.
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	 RESULTS AND DISCUSSION

	 Effect size was calculated for each body segment (Table 1).

	 The obtained Effect Size results (Table 1) 

are considered small accordingly Cohen criteria. 

Otherwise, we shall highlight it is inversely proportional 

to the sample size. In Table 2 it is possible to find 

quite satisfactory results for Microsoft™ Kinect™ 

validation process as a potentially promising tool for 

three dimensional analysis of  the human movement in 

a broad applicability spectrum and as a consequence, 

comprising its use in clinics, rehabilitation and sports.

Table 2. Mean, standard deviation and standard error values for CM position during walking movement.
X(m) Y(m) Z(m)

Mean ±SD SE Mean ±SD SE Mean ±SD SE
Head 1.5323 0.0191 0.0001 1.1904 0.1062 0.0004 0.3828 0.1075 0.0004
Trunk 1.5344 0.0191 0.0001 1.2692 0.0875 0.0004 0.3042 0.0888 0.0004
Upper Arm Right 1.4668 0.0355 0.0001 1.2891 0.0796 0.0003 0.3018 0.0874 0.0004
Upper Arm Left 1.6004 0.0145 0.0001 1.2833 0.0832 0.0003 0.2895 0.0834 0.0003
Forearm Right 1.4365 0.0459 0.0002 1.3836 0.0529 0.0002 0.2319 0.0700 0.0003
Forearm Left -0.0577 0.0207 0.0001 0.1894 0.0550 0.0002 0.9784 0.0114 0.0000
Hand Right 1.4113 0.0565 0.0002 1.4881 0.0242 0.0001 0.1803 0.0612 0.0003
Hand Left -0.0748 0.0264 0.0001 0.0845 0.0282 0.0001 0.9929 0.0044 0.0000
Thigh Right 0.0709 0.0251 0.0001 0.0897 0.0233 0.0001 0.9928 0.0039 0.0000
Thigh Left 0.0095 0.0113 0.0000 0.0901 0.0242 0.0001 0.9955 0.0022 0.0000
Leg Right 0.0863 0.0301 0.0001 -0.0715 0.0285 0.0001 0.9928 0.0046 0.0000
Leg Left -0.0034 0.0082 0.0000 -0.0712 0.0299 0.0001 0.9970 0.0021 0.0000
Foot Right 0.0800 0.0251 0.0001 -0.2473 0.0868 0.0004 0.9611 0.0241 0.0001
Foot Left 0.0067 0.0041 0.0000 -0.2409 0.0876 0.0004 0.9663 0.0214 0.0001

Table 1. Effect Size values for each body segment CM on three axes
Segment X Y Z

Head 0.3163 0.2173 0.2205
Trunk 0.3271 0.2285 0.2334
Upper Arm Right 0.3324 0.2319 0.2466
Upper Arm Left 0.0069 0.2293 0.2227
Forearm Right 0.3259 0.2419 0.2758
Forearm Left 0.0649 0.2192 0.2116
Hand Right 0.2968 0.2467 0.2941
Hand Left 0.0894 0.1799 0.1260
Thigh Right 0.3849 0.2256 0.3571
Thigh Left 0.1488 0.2313 0.2716
Leg Right 0.3305 0.2116 0.3390
Leg Left 0.0081 0.2072 0.2469
Foot Right 0.2744 0.2232 0.2695
Foot Left 0.0444 0.1938 0.2273
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In Table 2 it is possible to find quite 

satisfactory results for Microsoft™ Kinect™ 

validation process as a potentially promising tool 

for three dimensional analysis of  the human 

movement in a broad applicability spectrum and 

as a consequence, comprising its use in clinics, 

rehabilitation and sports.

CONCLUSION

The calculation of  the Standard Error for 

the 14 body segments CM matched an equivalent 

of  1.0x10-4m (meaning tenths of  millimeters). 

Those results corroborate others tests that have 

already been run, such as accuracy, precision 

and RMS error tests1,2, consolidating Kinect™ 

potentiality as an instrument for analysis, 

diagnosis and intervention on health sciences, 

sports, medicine, logistics, marketing, and human 

movement fields, among others.

REFERENCES

1 – Vieira. FSF. Dos Santos. AGM. Da Silva. AE. Novelli. 
C. Silvestre. F. Martins. GC. Oliveira. HFR. Pereira. JJF. 
Buck. KH. Camargo. LB. Domotor. P. Casagrande. RM. 
Vilela Junior. GB. Microsoft Kinect™ accuracy in the 
kinematic analysis of  the human movement. Revista 
CPAQV, ISSN:2178-7514, Vol. 7, Nº2, Pages., 1-7. 2015.
2 - Vieira. FSF. Dos Santos. AGM. Da Silva. AE. Novelli. 
C. Silvestre. F. Martins. GC. Oliveira. HFR. Pereira. JJF. 
Camargo. LB. Domotor. P. Casagrande. RM. Vilela 
Junior. GB. Calculating the center of  mass RMS error 
of  body segments obtained through Kinect™ for 
Windows™. Revista CPAQV, ISSN:2178-7514, Vol. 8, 
Nº1, Pages., 1-7. 2016.
3 – Khoshelham K. Accuracy analysis of  kinect depth 

data. In Proc. Int. Soc. Photogram. Remote Sens. 
Workshop Laser Scanning. pages 133-138. 2011.
4 - Clark. RA. Pua YH. Fortin K. Ritchie C. Webster KE. 
Denehy L. Bryant AL. Validity of  the Microsoft Kinect 
for assessment of  postural control Gait & Posture. 
Volume 36. Issue 3. Pages 372-377. 2012.
5 - Khoshelham K. Elberink SO. Accuracy and resolution 
of  kinect depht data for indoor mapping applications. 
Sensors. vol. 12. no. 2. pages 1437-1454. 2012. 
6 - Pedro LM. Augusto G. Caurin DP. Kinect Evaluation 
for Human Body Movement Analysis. 2012;1856–61.
7 - Clark RA. Pua YH. Bryant AL. Hunt MA. Validity 
of  the Microsoft Kinect for providing lateral trunk lean 
feedback during gait retraining Gait & Posture. Volume 
38. Issue 4. Pages 1064-1066. 2013.
8 - Chin LC. Basah SN. Yaacob S. Accuracy and 
Reliability of  Optimum Distance for High Performance 
Kinect Sensor. 2015;(March):30–1.
9 - Yang L. Zhang L. Dong H. Alelaiwi A. Saddik 
A El. Evaluating and Improving the Depth 
Accuracy of  Kinect for Windows v2. IEEE Sens 
J [Internet]. 2015;15(8):4275–85. Available from: 
http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.
htm?arnumber=7067384
10 - Allard P. Strokes IAF. Blanchi. JP. Three-
dimensional analysis of  human movement. In.: 
Selected papers from an invited symposium on three-
dimensional analysis held in Montreal in July. 1991.
11 – Figliola RS. Beasley DE. Teoria e projeto para 
medições mecânicas, 4ª ed. Rio de Janeiro, Editora LTC, 
466p, 2007.
12 – Vilela Junior GB. Determinação do Centro 
de Gravidade. Centro de Pesquisas Avançadas em 
Qualidade de Vida – CPAQV. Available: http://www.
cpaqv.org/biomecanica/centrodegravidade.pdf
13 – Okazaki VHA. Teixeira LA. Rodacki ALF. 
Frequencia de amostragem e filtragem na cinemática. 
In: XI Congresso Brasileiro de Biomecânica, 2007, 
São Pedro – SP, Brasil. XII Congresso Brasileiro de 
Biomecânica, v. XII. P. 1-4, 2007. 
14 – Robertson, D. Gordon. E. Research methods in 
biomechanics. 2nd edition. 2014. 
15 – Loureiro LMJ. Gameiro MGH. Interpretação 
crítica dos resultados estatísticos: para lá da 
significância estatística. Revista de Enfermagem. III 
Série, n°.3 – Mar 2011.



Standard error of  the center of  mass (CM) position in a three dimensional space obtained through kinect™

Revista CPAQV – Centro de Pesquisas Avançadas em Qualidade de Vida | Vol.8| Nº. 3 | Ano 2016| p. 6

	 16 - Vilela Junior. G.B. Effect Size. Centro 
de Pesquisas Avançadas em Qualidade de Vida – 
CPAQV. Available: http://www.cpaqv.org/estatistica/
indexestatistica.html/ .
17 – Benoit DL. Ramsey DK. Lamontagne M. Xu L. 
Wretenberg P. Renström P. Effect of skin movement 
artifact on knee kinematics during gait and cutting motions 
measured in vivo. Gait & Posture, n. 24, pag. 152-164, 
Elsevier, 2006.
18 - Cappozzo A, Catani F, Leardini A, Benedetti MG, 
Croce UD. Position and orientation in space of bones 
during movement: experimental artifacts. Clin Biomech 
1996;11:90–100.
19 - Leardini A, Chiari L, Della CU, Cappozzo A. Human 
movement analysis using stereophotogrammetry. Part 
3. Soft tissue artifact assessment and compensation. Gait 
Posture 2004.
20 - Reinschmidt C, van den Bogert AJ, Nigg BM, Lundberg 
A, Murphy N. Effect of skin movement on the analysis 
of skeletal knee joint motion during running. J Biomech 
1997;30:729-32.
21 - Lafortune MA, Cavanagh PR, Sommer III HJ, Kalenak 
A. Three dimensional kinematics of the human knee during 
walking. J Biomech 1992;25:347–57.
22 - Lundberg A. On the use of bone and skin-markers 
for human movement research. Hum Movement Sci 
1996;15:411–22.
23 – Carson MC. Harrington ME. Thompson N. 
O’Connor JJ. Theologis TN. Kinematic analysis of a multi-
segment foot model for research and clinical applications: 
a repeatibility analysis. Journal of biomechanics n. 34, pags. 
1299-1307, 2001. 
24 - Kadaba MP. Ramakrishnan HK. Wooten ME. Gainey 
J. Gorton G. Cochran GVB. Repeatability of kinematics, 
kinetic and electromyographic data in normal gait. Journal 
of Orthopaedic Research. 7, 849–860, 1989.
25 - DeLozier G. Alexander I. Narayanaswamy R. A 
method for measurement of integrated foot kinematics. 
International Symposium on Three-Dimensional Analysis 
of Human Movement, Montreal, Canada, pp. 79–82, 1991.
26 - D’Andrea S. Tylkowski C. Losito J. Arguedas W. 
Bushman T. Howell V. Three-dimensional kinematics of  
the foot. Proceedings of the Eighth Annual East Coast 
Clinical Gait Conference, Rochester, MN, USA, May 5–8, 
pp. 109–110, 1993.

Obs: Os autores declaram não existir conflitos de 
interesses.


