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ABSTRACT 
 
Understanding the biomechanics of motion related to human walking gait is important in the area of rehabilitation. Infrared cameras motion 

capture systems have been widely used. Nevertheless, the system is very expensive and thus alternative solutions are explored. This study is 

aimed to measure the angle of ankle during walking and then assess the reliability of Kinovea in analysing walking gait. Firstly, a motion 

capture-analysis system combining HD VideoCam-Kinovea was validated. Then, a motion capture-analysis system combining HD DSLR 

Camera-Kinovea was used to capture the motion of walking and the relative angles of ankle during walking gait phases are measured. Three 

volunteered healthy subjects without any gait disorders, age ranged from 20 - 24 years were recruited for this study. Basic statistical analysis was 

carried out to compute the mean, standard deviation (SD) and variance. In terms of walking gait analysis that is the main part of the current 

study, the results revealed no statistically significant difference (variance < 5%) in the measured data for the same subject under five trials. This 

proves that the protocol is repeatable and the current system combining HD DSLR Camera-Kinovea is reliable.  

 

 
INTRODUCTION 
 

The study of the motion of living things applying the science of 

mechanics is also known as biomechanics (Knudson, 2004). Motion 

analysis of human gait is a famous branch of biomechanics, where the 

studies has started since the late 1900s (Soutas-little, 1998; Kadaba et 

al., 1989; Baker, 2006; Johanson et al., 2006; Moriguchi et al., 2007). 

Therefore, this proves that understanding the biomechanics of motion 

related to human walking gait is important (Palmer, 2002; Umberger, 

2010), especially in rehabilitation (Brockett, 2016; Muro-de-la-herran, 

2014). Due to that, valid and reliable assessment tools are necessary 

(Elwardany et al., 2015). Infrared cameras motion capture systems 

have been widely used, where generally these are the established 

systems. Nevertheless, these systems are relatively very much 

expensive and thus alternative solutions have been explored 

(Damsted, 2015). Microsoft Kinect is one of the potential tools to be 

further developed as a motion capture tool due to its low cost, 

portability and ease of use (Bonnechere et al., 2014; Bujang et al., 

2015). Many types of research have been conducted to explore Kinect 

for motion capture-analysis purposes (Mustapha et al., 2016; Raposo 

et al., 2013, Yusuff et al. 2015). Nevertheless, Kinect is the motion 

capture system but for motion analysis, a programme of software is 

needed. 

Kinovea is an open-access video analysis software and available 

online (https://www.kinovea.org), which could be explored for motion 

analysis (Guzmán et al., 2013; Elwardany et al., 2015). Despite it is 

increasingly popular to be used for video analysis related to sports 

performance, its accuracy and repeatability as a motion analysis tool 

in gait analysis have not been well address. 

Therefore, this study aims to measure the angle of ankle during 

walking and then assess the reliability of the Kinovea in analysing 

walking gait. This is novel as no similar work employing HD Camera-

Kinovea used for analysing walking gait and assessing its 

repeatability, has been reported before. 

 

 

 

MATERIALS AND METHOD 
 

System Validation 

Initially, to assess the reliability of the Kinovea in tracking and 

analysing, a motion capture-analysis system using of a Sony HD 

VideoCam–Kinovea has been developed and tested. Performed at the 

Biomechanics Lab, Shibaura Institute of Technology, Omiya Campus, 

Japan,  a volunteered healthy volunteer without any gait disorder was 

asked to walk on a preset platform. For validation purposes, the 

walking gait was simulatenously recorded using an established 

infrared motion capture system (Hawk–Cortex, M.A. Corporation, 

2015) and a Sony HD VideoCam. The outputs (video recordings) 

from the HD VideoCam were input into Kinovea (an open-source 

software) and the walking gait pattern was tracked and analysed. 

These data are compared with the walking gait pattern tracked and 

analysed earlier using the Hawk–Cortex system. Using basic 

statistical analysis, the value of mean, standard deviation and variance 

were computed and the results obtained (walking gait pattern) using 

the HD VideoCam–Kinovea are close to the results obtained using the 

established motion capture system. The system setup, protocol and 

results have been presented in details by Hisham et. al. (2017). 

 

Parameters and Experimental Setup 
Prior to coming up with the optimum set up and field of view, the 

camera system (Digital Camera, CANON EOS 600D) was explored 

thoroughly. Important parameters such as Subjects Area, Camera 

Position, Camera Focal Length and Aperture, Focus Point, Motion 

Speed, Capturing Speed have been tested to obtain the best possible 

video quality and optimum field of view. Finally, the optimum camera 

position and  angle was found, where the camera was placed on a 

level tripod, perpendicular to the centre of the pathway at a distance of 

2.43m (8ft) and approximately 0.3048m (1ft) above the floor for the 

preset field of view (Fig. 1). This calibrated field of view covered 
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clearly the subjects’ the lower limb during motion. The optimum 

camera lens focus point and aperture were also preset to produce clear 

and sharp 2D images and videos.The location chosen was the UiTM 

Stadium where the camera was placed and the subjects walked on the 

track to ensure the good quality, level, aligned walking path. Signs 

and markings are put on important locations, such as the camera 

position, walking start point, centre point, etc. This is to ensure that all 

the positions are the same for all subjects at any time and day of 

capture. In general, for one subject, the complete experiment 

including marker placement, took  total of about 20 minutes. 

 

Fig. 1: Illustration of the calibrated plane, camera position and field of 
view. 

 

Experimental Protocols 
A total of three volunteered healthy subjects without any gait 

disorders, age ranged from 20 - 24 years (mean BMI of 28.60 ± 1.40) 

were recruited for this study. Each subject was given a full 

explanation, verbal instruction concerning the purpose and procedure 

of the study. Informed consent was obtained from all the volunteered 

subjects with ethical approval from Universiti Teknologi MARA 

Research Ethics Committee, under the part of the study related to the 

development of motion capture-analysis system. Upon agreed, 

markers were placed on the lower limb at a specific location as shown 

in Fig. 3. It is important to note that even though the system used 

(DSLR Camera- Kinovea) is considered as markerless motion capture 

system, the markers provide a good focal point during motion tracking 

(video playback) using Kinovea. Each subject was asked to walk at 

normal pace on the preset track (Fig. 4). For each subject, the walking 

protocol was repeated for five times and the motion (focusing on the 

walking gait) was video recorded using a DSLR Camera, CANON 

EOS 600D.  

 

Fig. 2: The markers’ position on a subject. 

 

 

Fig. 3: Heel strike position captured by the HD digital camera and 
displayed in Kinovea. 

 

 

Motion Tracking Using Kinovea 
Kinovea was used to retrieve all of the outputs (images and 

videos) from the DSLR camera. All of the recorded video (video files) 

was first playback to check for any obvious error. Low quality 

captures were also discarded. For the accepted videos, Kinovea was 

used to locate and specify all the five main markers (Fig. 2), which the 

process was very similar for tracking markers using the infrared 

motion capture system. Kinovea kept track of the marker movement 

for the whole capture (walking gait). The example procedure for 

tracking and the example output at heel strike is shown in Fig. 3.   

 

 
Angle Measurement 

Fig. 3 shows a sample instance (image) from a complete cycle of 

a walking gait. Using Kinovea, three points (markers) were selected in 

order to measure the relative angle of the ankle for any instance. The 

main marker under consideration was the ankle. The other two 

markers include the two markers adjacent to the ankle. From these 3 

points (markers), the relative angles of ankle were determined. During 

walking gait, the relative angles of ankle change with respect to the 

motion. Instead of time, the important parameters determined in this 

study are angle changes with respect gait cycle. The data is stored 

according to subject and trials. Since 3 subjects performed 5 trials, in 

general, 15 videos have been analysed and the data is stored for 

Repeatability Analysis     

 

Repeatability Analysis 
To measure the repeatability of the system, the data for all 

subjects and trials (total of 15 videos) were analysed. Basic statistical 

analysis was carried out to compute the mean, standard deviation (SD) 

and variance using Eq. (1) to Eq. (3) (Interval, 2003; CollegeBoard, 

2015). Even though the data is complete for the full walking gait 

cycle, for this study the data is analysed only on the 8 gait phases 

(Hisham et. al., 2017; Kharb et al., 2011), which are during Heel 

Strike (start of cycle), Footflat, Midstance, Heel Rise, Toe off, Initial 

swing, Mid swing and Terminal swing (end of cycle).  

 

 Mean ( )                    (1) 

 

 Standard deviation (SD)            (2) 

 

 Variance               (3)       

                                                    

RESULTS AND DISCUSSION 

 
The results and discussion to validate the current system 

compared to Hawk–Cortex system, has been presented in detail by 

Hisham et. al., (2017), prior to this paper. In general the results prove 
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that show that the current system has been validated, thus conforming 

its accuracy. The main objective of this paper is to measure the angle 

of the ankle during walking and then assess the reliability of Kinovea 

in analysing walking gait.  Therefore, the results and discussion of the 

current study focuses on these objectives, which are related to ankle 

angle measurement using Kinovea and the reliabilty of the current 

system in analysing walking gait. 

In general, the tracked relative angles of ankle and statistical data 

for all subjects and trials have been obtained. These data are plotted 

into graphs showing the walking gait for each subject and trials. The 

data (Table 1) and graph (Fig. 4) for Subject 1 are presented as an 

example of outputs in Table 1 and Fig. 4. Table 1 shows the  Relative 

Ankle Angle for Walking Gait Phases for Subject 1. The data 

originally is obtained from the graphs in Fig. 4 that depicts the 

Measured Relative Ankle Angle (⁰) of walking gait cycle for the same 

subject. It shows the walking gait for all the five trials captured using 

the DSLR camera and tracked using Kinovea. The mean curve is 

highlighted. Except during Foot flat, in general, the data reliable since 

the protocol is considered repeatable when variance < 5 % as in Table 

1 (Mahmud et al, 2010). Therefore, the results revealed no statistically 

significant difference in repeatability of the measured data. The 

biggest variance is found in Trial 1. The trend is clearly observed in 

Fig. 4, where in general the all the curves are close to each other. 

 

 
Table 1: Relative Ankle Angle for Walking Gait Phases (Subject 1). 

 

 

 

Fig. 4: Measured Relative Ankle Angle (⁰) of walking gait cycle  
(Subject 1). 

 

Fig. 5 shows the mean curves for the Relative Ankle Angle (⁰) of 

walking gait cycle for all subjects. Generally, all the graphs exhibit 

relatively the similar curve. This is true as all subjects are healthy and 

normal, thus should exhibit a normal gait.  The differences in peaks 

values at each phase were due to the variability of subjects as different 

subjects possessed their own walking gait cycle. 

 

Fig. 5: Graph of Relative Ankle Angle (⁰) at each walking gait phases of 
every subject. 

CONCLUSION 

 

This paper has presented the measuring of ankle angle during 

walking and the assessment of reliability in analysing walking gait 

using Kinovea. Prior to this paper, earlier results presented by Hisham 

et. al., (2017) show that the current system has been validated when 

compared to Hawk–Cortex system, thus conforming its accuracy. 

In terms of walking gait analysis, the main results and finding of 

the current study reveal that there is no statistical significant 

difference (variance < 5%) in the measured data for the same subject 

under five trials. Therefore, this proves that the protocol is repeatable 

and the current system combining HD DSLR Camera-Kinovea is 

reliable.  

When comparing the walking gait for all three subjects, the curves 

in general exhibit a relatively similar walking gait. By testing on many 

more subjects, the walking gait cycle for normal and healthy subjects 

could be established. The current study will also be expanded to cover 

other applications such as sports biomechanics and rehabilitation, 

other range of motions and test on many more subjects. In addition, a 

more comprehensive analysis will be conducted to further assess the 

accuracy and reliablity of Kinovea in order to explore its full 

potential. As a conclusion, this study and paper have contributed 

significant and new knowledge about walking gait analysis using HD 

DSLR Camera-Kinovea system. 
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