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For the past century, much research has been done on the physics of stringed instruments, to
the extent that almost every aspect of stringed instruments are well understood. More recently, D)= 53 e 462 20
researchers and musicians alike have begun studying the synthesis of musical instruments. This - s B B
research has also progressed tremendously, and various techniques have been developed for e S -
realistic computer synthesis of the sound of stringed instruments. o > - (G sng = (G sung
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The Fourier transform is a complex mathematical formula that decomposes a signal into the L o | A T A R ] ’ ’ ’ ’ ’
frequencies that make it up. The equation shown below is the discrete form of the Fourier = e L | e 00l ]
transform, which can be used in a number of applications through Fourier analysis. b i Co I | Y A ] H . . . . .
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A musical instrument produces a unique sound wave, which can be analyzed through the Fourier " . i i i . P : : : :
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transform. The Fourier transform of this sound wave reveals that one note actually contains many Acquired Time Signal 0 e T ’ e S o S e
harmonics. These harmonics of varying amplitudes, when added together, are what constitute the
unique timbre of an instrument.
Comparison of the Same Note Between Different Strings
The purpose of this research projectis to synthesize a realistic violin sound through additive
synthesis by using the Fourier transtorm. By decomposing a violin sample into its primary L o ; ; ; B ; ; ; ; ;
harmonics through Fourier transform, the violin sound can be synthesized by recreating the sound 1B00 oo fooo -------------- e o -------------- o 1 s R T D D . 2
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For this research project,I used violin samples created by the University of Iowa Electronic redeney remencs
Music Studios, and conducted the Fourier analysis in Matlab. I originally considered creating _ . _
original violin samples, but settled with the samples created by the Electronic Music Studios, as Fourier Transtorm Linear Curve-fit
the professionally-recorded samples would provide the most accurate results. o (o U O RS (e o, i sl O o kD (s
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. . . . i synthesize a relatively realistic violin sound.
The initial step of the project consisted of feeding a violin sample of A, (440 Hz) through Y y
Matlab. Then, the Fourier transform of a slice of the violin sample decomposed the sample into Further exploration can be carried out in ral The Fourier
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the various harmonics that composed the note, also listing the amplitude that corresponded to e ! ! ; ; ; 40 : : : : : u 6.: CAPIOTALION Cah be Caled ou . severd .wa.lys c ot e.
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the note. and the amplitude Corresponding to each peak is taken 1400 |--- S SO SO SO ASNURUNS AR - mstrument. ThI’Ollgh similar methods, we Can compare the dCCOIIlpOSlthIlS of
’ ' instruments, or one violin against another violin. This may lead to discoveries
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The next step was to graph the frequencies against each harmonic, and find the LSRL of the 5 1000 """""" """" | S i Fhatt explaltn that c(?l;;es thte. dltfferencte in timbre between two of the same
resulting data points through curve-fitting. The purpose of this step was to find a more accurate s S00r - I HSHUMEHEL OF FWO CIUIETENT HSHTUHIERTS.
frequency of the note, to be used for synthesis later, as the LSRL would average out the error in oo R i . : . : .. :
O d . wl-N- K B-X 4 1N I S S S i Also, sound synthesis itself is not limited to just additive synthesis through
the frequencies calculated from the sample. i é i i the Fourier transform. Further exploration can involve the usage of the
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The following step was to analyze the graphs of the amplitude and phase of the harmonics 0 1000 2000 3000 4000 5000 6000 0 O 3000(H ) 4000 5000 6000 eIl SIS migtisl., oif 1 Clevel oSl oif GHner (sdmmienes
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versus the frequencies of the harmonic, which were also calculated through the Fourier
transform. :
Amplitude vs. Frequency Phase vs. Frequency

Finally, the amplitude and phases of the harmonics were superposed to create a complex
wave, which was the representation of the synthesized violin sound.
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http://theremin.music.uiowa.edu/MIS-Pitches-2012/MIS Violin2012 .html (sound
samples)
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