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Abstract: The ‘Helmholtz movement’ of a bowed string was analyzed, and a non-contact optical
measurement system based on high-speed photography was designed to measure the vibration of string
of a violin. By designing a special path and setting a marked point on the string, the three dimensional
vibration state of the marked point on string was measured on plucking and bowing the violin string
with a high speed shooting rate of 7 000 frame/s and image resolution of 336 X 480. On the imaging
processing algorithm based on the circular Hough transform, singular value decomposition algorithm
and an automatic batch program, a large number of sequential images recorded were processed and the
displacement and trajectory were extracted. The experimental results show that the proposed
measurement system accurately tracks the motion and trajectory of the violin string, and the data
processing accuracy of vibration displacement is 0. 03 mm. The designed measurement system and

image processing algorithm provide a valid experimental method for studying the mechanism of violin
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string vibration and developing an accurate theoretical model for string motion.

Key words: violin; violin string vibration measurement; 3D high-speed photography; Helmholtz

motion; Hough transform; sub-pixel resolution
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Fig. 1 Principle of Helmholtz movement
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Fig. 2 Non-contact optical measuring system
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Fig. 3 Optical path of measuring system
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(a) Experimental picture by full shot
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(b) Four pictures by enlarged shots
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Fig. 4 Images by high-speed photography
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Fig. 5 Cropped image
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Fig. 6 Raw image with circles detected (center positions

and radii marked)
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(a) Displacement curves
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Fig. 7 Vibration curves of marked points with plucking

G-string
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