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Abstract. The Skeleton Tracking System in Kinect is known for being noisy
and unstable, hence, in practice, a noise reduction filter or smoothing filter needs
to be employed before consuming the data in order to obtain smooth joint position
data over time. In this paper, we present a comparative study on applying four
different smoothing filters (Simple Moving Average Smoothing, Savitzky–Golay
filter, Exponential filter, and Double Exponential filter) in “Alone Together”
(Tang et al. 2015), a virtual play environment augmented with multiple sets of
Kinects. Overall, among the four filters, the Exponential Smoothing Filter yields
the best results in the game. The comparative study only provides quantitative
observations on the four smoothing filters, the qualitative examination in terms
of player satisfaction remains unclear, which is one of our immediate future
research paths in this direction.
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1 Introduction and Background

Microsoft Kinect for Windows is a motion capture sensor, integrated with a build-in
color camera, an infrared (IR) emitter, and a microphone array; it is capable to track up
to six people simultaneously, and full skeleton with 25 joints can be tracked for two
users (Tang et al. 2015). Hence, as a relatively low-cost skeleton tacking and uninstru‐
mented sensor, the popularity of its integration into video games have sour especially
with its high promise in home entertainment (Harper and Mentis 2013). However, the
Skeleton Tracking System in Kinect is known for being noisy and unstable (Microsoft
white paper 2005; Yang et al. 2013), hence, in practice, a noise reduction filter or
smoothing filter needs to be employed before consuming the data in order to obtain
smooth joint position data over time (Edwards and Green 2014; Yang et al. 2013; Harper
and Mentis 2013). In practice, it had led to perceived latency which was reported in our
mix-reality multiplayer Kinect game “Alone Together” (Tang and Wang 2015a). In
order to overcome this issue and considering the balance between the smoothing effect
and filtering delay particularly in “Alone Together”, two filters were applied:

Savitzky-Golay smoothing filter (Microsoft white paper 2005) and simple moving
averaging filter (Microsoft white paper 2005). Both filters are known as low-latency
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filter (Edwards and Green 2014; Yang et al. 2013), which is suitable for animating a
person’s avatar. We made a comparison for both filters, the video demonstrating the
differences can be watched at: http://youtu.be/jMz0GhI6UTo.

The results showed no significant improvement before and after the filters were
employed (Tang et al. 2015b).

This paper presents the comparison of four smoothing filters introduced in (Microsoft
White Paper 2005), specifically, Simple Moving Average Smoothing, Savitzky–Golay
filter, Exponential filter, and Double Exponential filter; the first two are known as low-
latency filter (Edwards and Green 2014; Yang et al. 2013). We applied the four filters
in our game “Alone Together” (Tang et al. 2015b) and report our comparative results
here.

2 Experiment Methodology and Discussion

Experiment Environment and Methodology. In order to make valid comparison
across four different types of the smoothing filters, Kinect Studio V1.8.0 (Fig. 1) was
implemented in our experiment. Kinect Studio V1.8.0, an extension for Kinect SDK 1.8,
has the capability of recoding, fine-tuning and adjusting raw Kinect streams data
including color and depth streams which can be utilized to retrieve skeleton data.
Furthermore, through repeated play of the recorded data, Kinect Studio can further inject
raw information into Kinect applications without revising the code, which allows devel‐
opers to share the same original data streams across different applications implemented
with different filters (Edward and Greens 2014).

Fig. 1. Kinect Studio with the recorded Color and Depth Stream Data (Color figure online)

In our experiment, we use our game “Alone-Together” (Tang et al. 2015b) as the
sample video game application. “Alone-Together” is a Kinect-based multiple player
ball-passing game which enables up to three players to interact with each other among
certain distance. The game played in motion can be watched at: https://
www.youtube.com/watch?v=SYE2mFqOBMo&fe.
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Figure 2 (Tang and Wang 2015a) shows the game moment where players’ physical
environment was also mirrored behind their virtual play environment in the last version
of the system.

Fig. 2. Game play moment in “Alone Together” where players’ physical and virtual
environments interact

The “Alone-Together” game was further revised to integrate with four types of filters
without other adjustments.

Experiment Procedure and Data Collection. A player will first be invited to play
“Alone Together” as a warm-up session. The experiment starts after he/she is familiar
with the game. The player is first instructed to play the game normally; he/she will then
be required to perform some extreme movements such as a sudden approach to the
Kinect sensor and an immediate action to be back to his/her original position. Such
exaggerated actions will result in the loss of data capture which in turn lead to data signal
jitter and noise for which the filters will be applied. Note that the exaggerated movements
acquired by the Kinect, though seemed “un-natural”, provides fun and laughter espe‐
cially in home and close-friend-circle entertainment (Harper and Mentis 2013). After
player actions had been recorded, the data are then injected into the four type of filters
with different parameters. And the filter results will be exported as the .xls file for further
interpretation. Figure 3 below shows the player’s action as recorded in Kinect Studio
and its corresponding 3D view.

Fig. 3. Testing moment showing the test player’s: (left) depth data (right) 3D view

Data Tuning and Evaluation Protocol. In our experiment, the x coordinate value of
the left wrist is interpreted for analyzing the filter result. Due to the nature of the fact
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that “Alone-Together” is a ball game, the hand position with the wrist will be vital to
the whole system. However, it is known that the hand position tracked by Microsoft
Kinect Version 1 is much less stable than those tracked in the wrist, therefore, 3D coor‐
dinates of the left wrist position is the considered in the filter.

“Alone-Together” is as a ball game, the hand position with the wrist will be vital to
the whole system. However, it is known that the hand position tracked by Microsoft
Kinect Version 1 is much less stable than those tracked in the wrist, therefore, 3D coor‐
dinates of the left wrist position is the considered in the filter.

3 Brief Discussion on Experiment Results and Concluding
Remarks

Unlike previous studies measuring the sensory-motor performance mainly in terms of
movement smoothness (Hogan and Sternad 2009, Edwards and Green 2014), the aim
of our study is to ensure lower latency incurred from the possible noisy raw Kinect data
so as to increase player engagement in such an online multiplayer game as “Alone
Together”. Hence, we introduced the latency per unit frame as a measurement to
compare the four filters. Through comparing the results from different filters from the
exported files, the peak of each curve was marked. The distance (in frame) of the relative
closest peak between the raw input data and the filter result is counted as the latency.
Based on the latency value, a table with the filter and latency was generated (see Table 1).

Table 1. Average latency per frame for the four filters

From the table, we can observe that the Double Exponential Filter, Exponential Filter
(With alpha = 0.5) and Exponential Filter (With alpha = 0.9) have the least latency
which have the value in 0, though the smoothing effects are not satisfactory. Overall,
the exponential smoothing filter (with alpha = 0.1) leads to the best smoothing results
in “Alone-Together.”
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The comparative study only provides quantitative observations on the four
smoothing filters, the qualitative examination in terms of player satisfaction remains
unclear, which is one of our immediate future research paths in this direction.
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