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1 Data pre-processing 

The Kinect for Windows Software Development Kit (SDK 2.0, www.microsoft.com) provides 3D 

time series of 25 body points using inbuilt and externally validated human-pose estimation 

algorithms [1-5]. These body points are: head, neck, spine shoulder, spine mid, spine base and left 

and right shoulder, elbow, wrist, hand, thumb, hand tip, hip, knee, ankle and foot. For offline data 

analysis, the 3D positional data for these body points were first pre-processed per Kinect sensor 

separately. Body points labelled as inferred (i.e., Kinect’s human-pose estimation software infers 

positions when segments are partially occluded for example) were treated as missing values. The 

body point’s time series were linearly interpolated using Kinect’s time stamps to ensure a constant 

sampling frequency of 30 Hz, without filling in the parts with missing values. We removed data 

points from the time series when they did not meet our stringent requirements for valid human-pose 

estimation (e.g., a minimum of 15 out of the 25 possible body points should be labeled as tracked, 

including the head and at least one foot and ankle, without outliers in segment lengths). In addition, a 

manual check of the data was added to remove errors of the algorithm due to occlusion of the right 

leg by the left leg. Subsequently, data of the four Kinect sensors were combined by taking for each 

sample the 3D positions of the body points of a validly estimated human pose. If, for a given sample, 

more than one sensor contained valid human pose data, the associated body point’s 3D positions 

were averaged for that specific sample. 

Body point’s time series with more than 50% of missing values were excluded from further 

analyses. However, percentages of missing data for both groups did not exceed 27.2% with an 

average of 5.3±1.6% for the body points’ time series of interest (i.e., ankles, spine base and spine 

shoulder). The missing values were interpolated with a spline algorithm. The so-obtained time series 

were used for the calculation of the Interactive Walkway outcome measures of unconstrained 

walking, adaptive walking and dual-task walking. 

The outcome measures of the Interactive Walkway assessment were calculated from specific 

body points’ time series, estimates of foot contact and foot off and step locations, as detailed in Table 

2. Estimates of foot contact and foot off were defined as the maxima and minima of the anterior–

posterior time series of the ankles relative to that of the spine base [3,6,7]. Step locations were 

determined as the median anterior–posterior and mediolateral position of the ankle joint during the 

single-support phase (i.e., between foot off and foot contact of the contralateral foot; [3,6]). Shoe 

edges and center of the foot were also needed to calculate several outcome measures. Ankle-to-shoe 

calibration trials, in which the subject was standing in two shoe-size-matched targets at a position on 

the walkway in front of the last Kinect, were included to determine the average distance between 

shoe edges and the ankle. 
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