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Abstract

Playing the Chinese flute requires accurate coordination of blowing technique and fingering. This complex
performance demands fine control over airflow velocity, embouchure angle, and the control of six finger
mechanical to achieve accurate pitch and tonal quality throughout the musical performance.

The robot features an artificial embouchure that simulation human lip formation, coupled with a two-way
bellows system that alternately supplies air to apressure- regulating-bellows. A microcontroller-integrated
system controls six mechanical fingers for hole covering and releasing during performance.

To address the 1ssue of air leakage at the end of notes, an air gate has been designed, which can also
simulate tonguing techniques through its opening and closing movements, enabling more precise
articulation of flute sounds.

For sheet music recognition, the system collects musical score samples divided into three sets: staff lines,
musical notes, and rhythm patterns. These are processed through a Multi-Task Learning (MTL) deep
learning sturcture to develop a recognition model capable of 1dentifying notes within three lines above and
below the staff, as well as note values ranging from whole notes to sixteenth notes, including dotted notes.
Through testing has demonstrated that when the musical score falls within the appropriate range, the system
can achieve complete recognition, successfully convert the notation into note data, and transmit this data

to the flute-playing robot for performance execution.
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1. Precision CFEHE)
A AE A P E BB EFMLLE] » A3tk -
True Positives(TP)
True Positives(TP) + False Positives(FP)

Precision =

2. Recall (H[EE)
EFE B IE A A TR T RE R I LB - AU ¢

True Positives(TP)
True Positives(TP) + False Negatives (FN)

3. mAP50 (mean Average Precision at 50% loU)

EToURMEAE 50%HF » SFE RS EXIAEHERE (AP)HI9ME » EASZKRERAPE Precision
Recall #H4F FAVTEIFE » mAPS0 RIVEFTE RIAPHY-IME » Al .

Recall =

N
MAP-, = lz ApY®
50 — N IoU=50
i=1

4. mAP50-95 ((mean Average Recision at IOU 50% to 95%)
SEFE 2 (B OUIRIE (50%-95%, 5% BT » 3t ELEMERIAPHITAIIE » A30A

N K
APy oz == 3 1Y 4p®
MAr50_95 = N K IoU=0.5+0.05+(j—1)
i=1  j=1

BiTRER > NRFIERIE KR IoURESR0.50,0.55-+-,0.95 3 10 (&) »
AP iR F B (EERIAEIoU = S0%05(JAP{E -
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