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Implementation of Parallel Processor for
Sound Synthesis of Guitar
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Physical modeling is a synthesis method of high quality sound which is similar to real sound for musical instruments,
However, since physical modeling requires a lot of parameters to synthesize sound of a musical instrument, it prevents
real—time processing for the musical instrument which supports a large number of sounds simultaneously, To solve
this problem, this paper proposes a single instruction multiple data (SIMD) parallel processor that supports real—time
processing of sound synthesis of guitar, a representative plucked string musical instrument, To contrel six strings
of guitar, we used a SIMD parallcl processor which consists of six processing elements (PEs), Each PE supports
modeling of the corresponding string. The proposed SIMD processor can generate synthesized sounds of six strings
simultaneously when a parallel synthesis algorithm receives execitation signals and parameters of each string as an
input, Experimental results using a sampling rate 44,1 kHz and 16 bits quantization indicate thal synthesis sounds
using the proposed parallel processor were very similar to original sound, Tn addition, the proposed parallel processor
outperforms commercial TI's TMS320C6416 in torms of cxecution time (3.9% better) and energy efficiency (39,8x better).
Keywords: Sound synthesis, physical modeling, guitar, SIMD parallel processor, digital waveguide
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Fig. 1. A block diagram of a plucked~-string instrument
model.
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Table 3. Implemented PE system parameters.

parameter value
Number of PEs 6
Memory/PElword] 512[32-bit word]
VLSI Technology 130 nm
Ctock Fregquency 720 MHz
intALLY intMUL/ Barrel Shifter/ intMACC | 1 /1 /1 /1

B 4 "7l X|E 2%
Tabte 4. Summary of evaluation metrics.
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Table 5. Performance results of each performance method of guitar on a 6 PE system.
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J[Egla Tﬁgc:?s?e instroetion | S¢aar nsteustion| |, Sy (%] %)r(sgu[l:r?;} Susral[r(l;egps%eﬁghm
none 2810129 1,847 980 862,149 90.29 380 270
Sliding 3,603.929 2,521,280 1.082.649 86.90 501 263
Hammering on 3515729 2,256,680 1.259,049 90.45 4.49 251
Vibrato 3793229 2.036,180 1,757,049 90.72 527 210
Hammering on pulling off | 4,750,529 3.094,580 1.655,949 8292 6.60 233
Bend and release 4,926,929 3,138,680 1.788,249 8217 6.84 2.26
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Table 6. Performance comparison between SIMD and C6416.

Tl C8418
internal RAM external SDRAM
parametes Units SIMD130 (27324, GoE) (221, fole)
gt gt o3 | HEEH | appigu gy | B
Technology [nm] 130 130 130 130 130
~ Clock Frequency (MHz] 720 720 720 720 720
Execution Time [msl] 3.90 3454 46.39 2,553.81 293487
Average throughput [Gops/sec) 2.1 1.21 0.96 0.016 0.015
Average Power Imw) 1.85 950 950 950 950 o
Energy (uioutel 721 32.813.00 44070.50 2426,119.50 2,788,126.50
Energy Efficiency [Gops/Joute] 1464.72 36.77 21.75 0.007 0.005
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Fig. 7. Execution time and energy efficiency comparison

between SIMD and C6416.
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