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A Video Feedback System Providing Motions Synchronized with

Reference Examples for Motor Learning
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Abstract: This paper proposes a video feedback system for motor learning which provides a video feedback
synchronized with reference example with a delay of a few second. For motor learning, it is quite effective
that a trainee checks the self-motion by comparing to the reference motion which is synchronized with the
self-motion. So far, some systems realized a synchronized video feedback system by using a marker-based
motion capture system for motion synchronization. However, it is difficult to be popularized due to the
severe limitation to the capturing environment and the high cost operation of motion capture system. The
proposed method provides a video feedback system that works with no strict limitation to the video cap-
turing environment, with a input from one camera, can be applied to wide variety of motions, and works
with tablet devices. To achieve these traits, it uses motion history image, or MHI, as a feature for motion
synchronization. Experiments verified that the proposed method achieved precise synchronization of motions
of different actors, different clothes, and under different illumination conditions.
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Fig. 1 Typical example of the proposed system.
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Fig. 2 Flowchart of the proposed method: The proposed
method consists of two steps, registration of ref-
erence motion (upper part) and synchronization

video playback with delay (lower part).
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Fig. 5 An example MHI for a human raises his arms.
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Fig. 7 Snapshots for basket ball layups in gym; actors of ref-
erence and training are different and wear different
clothes. As shown in figures, the proposed method
can be applied to motions with large changes in po-

sition.
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Fig. 8 Snapshots for cartwheel; the actors wear different

clothes. The reference motion was carried out in
gym and the training was carried out in outdoor.
As shown in figures, the proposed method synchro-
nized well under different illumination conditions

and different backgrounds.
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Fig. 9 An example of synchronization with incompleted mo-

tion: Because the proposed method aims at motor
learning, it is required to synchronize the reference mo-
tion with trainee’s incompleted one. This makes the
proposed method possible to give feedbacks to trainees

of various skill levels.
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Fig. 10 Syncronization at ball release timing.
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Fig. 11 Syncronization at taking back.
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Fig. 12 Temporal transition of dissimilarity (distance).
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Fig. 14 Pose information obtained from Kinect for Windows
SDK.
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Table 1 Number of successful video synchronization for ten

trials: Free throw shoot.
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Table 2 Number of successful video synchronization for ten

trials: Pitching.
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Fig. 15 Snapshots for free throw shot and Kinect-based pos-

tures.
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Table 3 Number of successful video synchronization for ten

trials: Layup and Cartwheel.
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Fig. 16 Postures during cartwheel obtained by Kinect.
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Fig. 17 Video feedback with overlay video representation: Free

throw.
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Fig. 18 Video feedback with overlay video representation:
Cartwheel.
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