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various existing technologies is that it can retrofit the existing acoustic pianos. We have 

retrofitted the system into several grand pianos made by different companies (e.g., Kawai, 

Steinway, Yamaha), which took half an hour to complete, including the calibration process. To 

the best of our knowledge, the existing high-resolution sensing system should be built-in prior 

to shipment, which contrasts with our system. In addition, the spatiotemporal resolution of our 

sensing system is as high as that of other built-in sensing systems, such as Disklavier and 

SPIRIO. 
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FIGURE Legends 

Figure 1. 

Schematic illustration of the system for sensing the key positions. (A) Each of the 88 photo 

reflectors were mounted beneath each of the piano keys. (B) The photo reflector projected 

infrared light on the bottom surface of the key, and the derived voltage signal changed linearly 

with the distance between the photo reflector and the bottom surface of the key in relation to 

the intensity of the reflected infrared light. 

 

Figure 2. 

The experimental task. The experimental task required the repetition of two sets of 

simultaneous keystrokes of the two keys, leaving one white key in between (i.e., major third 

interval), using the right index and ring fingers for one set and the right middle and little fingers 

for another set. 

 

Figure 3. 

Definition of the six characteristics of the key-depressing and key-releasing motions. (i) 

peak_des_vel: peak descending velocity during key depression, (ii) peak_asc_vel: peak 

ascending velocity during key release, (iii) max_depth: the maximum key-moving distance 

during key depression, (iv) peak_to_bottom: the time difference between the moment when 

the key reaches its peak descending velocity and the moment when the key reaches its 

bottom during key depression, (v) release_to_peak: the time difference between the moment 

when the key leaves from its bottom and the moment when the key reaches its peak 

ascending velocity during key lift, (vi) depression_ratio: the ratio of the duration when the key 

touched the bottom relative to the duration between the onset and offset of key motion. 
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Figure 4. 

Schematics of the results of the penalized regression explaining the interindividual variance of 

each of the IOIs at the fastest tempo and loudness balance across the participants. (A) R2 of 

the regression model for the IOI at the fastest tempo was 0.852. The individual differences 

across the pianists of the IOI at the fastest tempo were mostly accounted for by the interstrike 

mean of the peak descending velocity of the key, the interstrike mean of the key-depression 

ratio, and the interstrike mean of the time to key release. (B) R2 of the regression model for 

the loudness balance at the paced tempo was 0.759. The individual difference across the 

pianists of loudness balance was mostly accounted for by the interstrike variability of the peak 

key descending velocity, the interstrike variability of the key depression ratio, and the 

interstrike mean of the peak ascending velocity of the key. 
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(std)
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(std)
max_depth

(std)
peak_to_bottom
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(std) α L1 ratio R 2

fastest IOI -0.376 0.018 -0.101 0.077 0.652 1.150 0.014 0.000 0.000 0.017 0.011 0.000 0.030 1.000 0.852

Loudness balance 0.086 0.129 0.000 0.000 0.000 0.000 0.806 0.024 0.000 0.000 0.000 -0.125 0.032 1.000 0.759
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