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Skill training system for rowing motion
using integrated presentation of motion and muscle activation
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Abstract

In many sports, essential skills exist in terms of muscle activation in order to improve performance. However, it is
difficult to identify the important muscle activation, and moreover novices cannot observe and imitate it since muscle
activation is hardly visible. This study especially focuses on human rowing motion to extract an important skill in terms

of muscle activation and we develop skill education system for novices to learn the skill. Firstly, strength and activation
timing of lower leg muscle are evaluated to detect the expert skill based on their peak value and cross correlation during
movement. Next, new skill education system is suggested by simultaneous presentation of real human movement and
muscle activations of the targeted muscle. In the proposed system, muscle color is continuously changed based on its
activation level for novices to perceive their muscle activation visually. Both experts and novices participated at our
skill extraction experiment to compare their muscle activation. Results showed that experts had larger peak activation
level and different profile in rectus femoris muscle. Therefore, our skill education system focused on rectus femoris
muscle to present its activation level and movement simultaneously. In order to evaluate efficacy of the developed
system, four different education instructions were conducted to novices; linguistic education, simultaneous presentation
of motion and muscle activation of the expert, off-line presentation of novice’s motion and muscle activation, and real time
presentation of novice’s motion and muscle activation. Performance of novices was evaluated after each instruction based
on peak activation level, cross correlation, and exerted power on the rowing ergometer. These performance change after
each education implied providing integrated view of novice’s motion and muscle activation in real-time could improve
performance of rowing motion.
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Fig. 1 Rowing motion. Above figure shows how the rowing motion is performed. Humans repeat pulling a wire
connected to an ergometer. The beginning of the motion is called “catch” and when they pull to the end,
its posture is called “finish”.
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Fig. 2 Considered muscles. Six muscles are focused in this study; tibialis anterior (TA), gastrocnemius (GAS),
soleus (SOL), rectus femoris (RF), biceps femoris (BF), gluteus maximus (GM).
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Fig. 3 Color chart. Color of muscles changes gradually from blue to red through green.
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Fig. 4  Skill education protocol. Above figures show how the skill education is performed. (a) Expert tells novice
orally about important muscle activation. (b) Novice watches the video of simultaneous presentation of
movement and muscle activation of experts. (c) Novice watches the video of simultaneous presentation of
movement and muscle activation of novice himself. (d) Novice watches the video of real-time feedback of
his own movement and muscle activation.
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Fig. 5 Suggested system to present integrated view of muscle activation and motion. Above figure shows setup
to visualize muscle activation during rowing motion. A participant sits down on the rowing ergometer to
perform rowing motion. The optical motion capture system measures marker positions which are attached
to muscle. Muscle activation is recorded from the SEMG sensor. The camera is used to record image
of rowing movement. All data is collected in the control computer, and monitor is put in front of the
participant if real-time visual feedback is necessary.
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Fig. 6 Results of skill extraction. Above figures show performance comparison between experts and novices.

Each graph shows mean and standard deviations. (a) This shows experts could exert statistically
significantly larger power than novices do. It implies that there is a different skill among two groups.
(b) The peak value of six muscles was compared among two groups. It showed that there was significant
difference for amplitude of rectus femors (RF) and biceps femoris (BF). (c) This implies that expert has
characteristic methodology to activate RF muscle rather than novices. (d) Experts have a peak in the early
phase of the motion whereas novices activate it later. Also, experts generate larger force than novices do.
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(a) Integration of motion and muscle activation (b) Experimental setup for skill education system

Fig. 7 Integrated presentation of motion and muscle activation. (a) Above pictures show integrated presentation
of expert movement and his muscle activation of rectus femoris. Our developed system measures muscle
activation and its position simultaneously and it provided overlaid images. (b) Above figure shows how a
novice practices rowing motion with real-time feedback. The monitor is put in front of the participant.
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Fig. 8 Performance after training. Above figures show performance of two participants after training. These
results showed that both participants could improve four outcomes (peak value, cross correlation, and
power). This also showed that larger improvement was found after fourth education.
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