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Estimation of Mistuned Frequency for Suppressed-Carrier SSB by use of

Auto-Correlation Function of Log-Spectrum

Shin’ichiro KANEKOY, Jouji SUZUKI', and Tetsuya SHIMAMURA'
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Fig.1 The relation between received speech spectrum
and AF. upper sideband is employed.
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Fig.2 Carrier frequency measurement system [6].
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Fig.3 Waveform of modulated and demodulated signal
of SSB. (AF = 50 Hz)
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#1 EBROFET

Table 1 Conditions of analysis.

Sample data (FFE7—7%)

male, female voice (B, ZF) 11000ms
Sampling frequency of speech (FFEEAR{LEEED 10kHz, (16bit)
Sampling frequency of carrier (REEEA(CEREE) 40kHz
Carrier frequency (MXukEEE0) 7kHz
Mistuned frequency (BEFREEE) AF —150 Hz~150 Hz
Window length (#H&EE) 256,512 pts., Hanning window
Calculating period (5377 v — A FHH) 10 ms
Number of FFT pts. (FFT K4 > b #0) 2048
Added noise ({$hn#EE) (SN Eh) ‘White noise (oo dB~—5 dB)

SSB signal
a(t) * cos(p+2= Fe)t

detector

oscillator

received speech signal

cos2x Frt
downsampling m

sampling frequency 40kHz

sampling frequency 10kHz

®5 IESEEE SSB OEHER

Fig.5 Demodulation system of suppressed carrier SSB.
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Fig.7 Proposed procedures to speculate mistuned

frequency.
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Fig.8 Voiced speech spectrum received with mistuning.
(female voice /a/, AF = 0Hz and AF = 80 Hz)
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Fig.11 Results of proposed method. (female voice /a/)
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#2 AF oz [Hz] & SN HoBR BARME 11s

Table 2 Relation between error in estimation AF [Hz] and SNR, sampling length (11 s).

SNR 8 male speaker samples (mean/standard deviation) 8 female speaker samples (mean/standard deviation)
256 pts. 512 pts. 256 pts. 512 pts.
noise free 8.39/7.98 411/2.94 7.35/4.84 6.80/4.68
20 dB 6.37/2.55 2.44/2.41 7.13/2.96 3.18/3.03
10dB 5.24/2.59 2.57/8.89 6.33/8.07 2.89/4.21
5dB 5.85/7.20 3.25/8.96 5.68/5.60 5.99/10.34
0dB 9.79/11.71 5.90/8.91 13.63/18.53 21.34/25.44
~5dB 21.00/16.63 15.45/15.14 31.89/26.46 40.54/30.07
#3 AF oAz [Hz) & SN HoOBIR S 20
Table 3 Relation between error in estimation AF [Hz] and SNR, 20 sampling points.
SNR 8 male speaker samples (mean/standard deviation) 8 female speaker samples (mean/standard deviation)
256 pts. 512 pts. 256 pts. 512 pts.
noise free 8.61/15.17 5.91/11.43 13.61/29.99 18.80,/40.04
20 dB 7.96/15.97 4.93/13.97 14.57/33.55 14.53/38.45
10dB 7.50/11.71 4.93/14.07 13.02/31.91 14.19/36.48
5dB 8.69/15.36 5.04/12.98 13.29/30.98 16.60/36.62
0dB 15.02/17.57 8.78/14.63 21.60/32.76 27.41/36.69
—5dB 23.68/18.36 18.72/18.42 40.31/33.56 46.01/33.37
Fd hRER L SRV AF OfHEEE [Hz] L SN OB
Table 4 Relation between error in estimation AF' [Hz] and SNR.
SNR 8 male speaker samples (mean/standard deviation) 8 female speaker samples (mean/standard deviation)
256 pts. 512 pts. 256 pts. 512 pts.
noise free 15.62/33.38 7.44/14.93 16.60/34.99 21.44/43.15
20 dB 15.83/33.90 8.817/20.73 18.31/38.19 19.31/42.55
10dB 16.73/29.46 10.01/19.91 20.15/39.43 21.42/42.93
5dB 19.57/28.50 11.53/20.04 24.42/41.68 25.45/43.90
0dB 24.63/28.34 15.28/20.98 32.77/43.40 34.11/44.00
—5dB 30.25/26.35 22.41/21.77 45.93/41.84 47.62/38.24
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