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Test for the degree of randomness of audio signals
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Abstract

The purpose of this experiment is to analyze the degree of randomness of
different segments in the audio signal, and determine which segments are random
signals or not, and finally discuss the relationship between random signals and the
unvoiced and voiced features in speech, and will also discuss the relationship between

the length of the extracted segment and the judgment of random signals.

This experiment is based on the method on page 116 of the textbook. First, mark
all the turning points in the audio signal, and then count the number of turning points
in the segment by segment, and finally use the proportion of the number of turning
points in the partial segment of the audio signal to the segment to determine whether
the signal of this segment is a random signal.

The test signal used in this experiment is two recordings, the audio content is
"safety" and "Wu Yi-feng", the recording tool is a mobile phone (OPPO R11s), and
the audio sampling frequency is 44100 Hz.

After observing the results, it can be found that the characteristics are roughly
consistent with the theory. If the sound is unvoiced sound and plosive sound, the total

number of turning points will be larger. If the sound is voiced sound, the total number

of turning points will be smaller.

Keyword : Unvoiced and voiced sound, Randomness test, Audio signal processing

2 B RERER A iy ePaper(2021 £F)



RS SR RE AR A

[l

1]

M =

3 B RERER A iy ePaper(2021 £F)



RS SR RE AR A

—_— N

5 B

1. FEEEIRT - 5B FE 0 Loy A& & (unvoiced sound) ~ J&E (voiced sound)
RS (plosive sounds) e
AE R ERE L B REIRZER O g EL - BENESE
B E G H % Fr S U B IR N ) -
Y ZERSUREEY > [(TETEAIRESES  BEEARENH
Bilf% > FTDAss B S IR S )
IRAE - BET RN - NEEABIETFNERENISGES - REREE
T FTRERED BB A - BRI e 2 EE
THNERFE - (B - ABEESTeREAEEEN s NES
BAAL)

2. UgEr i = (E{ESEREATIRAL - & T OB EE RIS E S - T8 Rlig 5 UL REED
W > Tl Ry ke

3. HEJTHE(turning points) 5 AL R IEATR 7+ ©

4, GEE —BRIEEREAESEA - Bk N (@S98 - SE5T - Sy
(BRI E(N — 2) > HIRZE(E 5 ] iEac RBE i A -

4 K ERER A 545 ePaper(2021 )



RS SR RE AR A

=88 X 6%
T ERR S RO I A ek = UE T R R [ e R Eh i T Th B Rz IR 75
SBEAEL 77
SLELR IR A Y A = (ERRAS

< FEECRIE R A RRE (SRR (GRF-F IR 1R — R Ry I R 7)) >
A EEEY

Tt - BlEm AEYEER - HA 0O 1 Y] > 1 FoR B IEER % -

import numpy as np
# BESUIEER
def mark peak verl(sigs):

# STERERIA diff > WHRFERERER 1 ARERER -1~ REREZ
= 0

diff = np.dift(sigs)

diff[diff > 0] =1

diff[diff < 0] =-1

# & diff Fifgsl 0 FHRHZBRTAVASE SR mark » FEEF mark Hogzild
TENEER 2 KAUBENES S 2 FEHVIENES F&(-1,0,1) -

# PRI MG - BTl RIRE IR A HIME - K mark i abs
FHEER 2 R RS BN ES R 1 MBS 0 -
# mark = np.concatenate(([0], diff)) - np.concatenate((diff, [0]))

mark = np.concatenate(([0], diff, [0]))

mark = np.diff(mark)

mark = abs(mark)
# mark[mark <2]=0

mark = mark // 2

# RECPEGEER R 0) & PHEARIESOL S - AR P ETVR % — R
FytifE

# BEHETERER > WECE FEATRIVRER - - FHAHERER R —I1E—
& gt PR R ERNESY 1 -

diff = np.dift(sigs)

diff = np.concatenate(([0], diff))

flag = False

start_slope =0

end_slope =0

start_index =0

end index =0

for 1 in range(len(difY)):
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if diff[i] == 0:
if flag == False:
if diff[i- 1] > 0:
start_slope = 1
else:
start_slope =0
start_index =1- 1

flag = True
else:
if flag == True:
if diff[i] > 0:
end_slope =1
else:
end slope =0

end index =1
if (start_slope == 1 and end_slope == 0) or (start_slope == 0
and end_slope == 1):

# mark[start _index : end index] =1
mark[i-1]=1
flag = False
# (SIRAVBHIAIRGT RAVBIA S8 - EREaly 0
mark[0] =0
mark[-1]=0
return mark

< FRECHUER AR (3B R (R IER R I 8O ) >
A - EE(EY

Tt - ElEm AEYEER - A 01 (Y] > 1 FoRBIIEENR A -

import numpy as np
# RO IR 7
def mark peak ver2(sigs):
import scipy
# local max Fyf5Elf7&RY index [HZI > local min ffFE0K ARy index
5]
local max = scipy.signal.argrelextrema(sigs, np.greater)[0]
local min = scipy.signal.argrelextrema(sigs, np.less)[0]
#ORFRIEER Y index FEAIEGFHEHRY » LA mark

mark = np.concatenate((local max, local min))
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mark = np.sort(mark)

# Hi R A SYHFRIZEMEL] - MR IR S T BT TR

temp = np.zeros(len(sigs))
temp[mark] =1

return temp

< FERCRIER A AR ( B=RR ) (FR- VAR R e B0 ) >
A - BEEE

W - Bl AEWER > A 080 1 YR - 1 FoRRIRIEBOR S -

import numpy as np
# BEEUN IR &
def mark peak ver3(sigs):

# STERERRA diff > WK IERIERECRy 1~ BRERE N -1~ REREZH
= 0

diff = np.diff(sigs)

diff[diff > 0] =1

diff[diff < 0] = -1

# R diff FRAE 0 FERHEIBATAYEE R mark > b mark g
ITENESR 2 FAUENES S 2 FEHVCENES K(-1,0,1) -

# PSR ARG > Bl R IREN IS HYE K mark 5 abs
FEERR 20 HRpREG A ERES A 1 BEArER 0 -
# mark = np.concatenate(([0], diff)) - np.concatenate((diff, [0]))

mark = np.concatenate(([0], diff, [0]))

mark = np.diff(mark)

mark = abs(mark)
# mark[mark <2]=0

mark = mark // 2

# RIS ERERE Ry 0) » &5 VI RN IEE0R A - R A SRR R
i {E -

# EFETERRER > WECEFEATERIRER » S PHAEREE B—IE—
& St FENEER BN ES S 1 -

diff = np.diff(sigs)

diff = np.concatenate(([0], diff))

flag = False

start_slope =0

end slope =0

start_index =0
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end index =0
for 1 in range(len(diff)):
if diff[i] == 0:
if flag == False:
if diff[i- 11> 0:
start_slope = 1
else:
start_slope =0

start_index =1- 1

flag = True
else:
if flag == True:
if diff[i] > 0:
end slope =1
else:
end slope =0

end index =1

if (start_slope == 1 and end_slope == 0) or (start_slope == 0
and end_slope == 1):

mark[start_index : end index] =1

flag = False
# [ERBHAAIRAS RAVEE A S E - Ry 0
mark[0] =0
mark[-1]=0
return mark
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< TR REEEASEIE 1 REURER A% 55—hk )>
A o { peak : (EHRAEECE D R IER A

win_sec : &5 CIAYRF R RE

sample_rate : (SFRAVEREEAER }

ik« EHET  ERT— e PR IR A (R BT -

import numpy as np
# STRE—EEHRENIY TR
def count peak verl(peak, win_sec, sample_rate):
# ATREONRE
win_len = int(win_sec * sample rate)
# ik peak {FRFEAI
# 5 ZAEA{E win_len F&ERAVE - AT win_len BE(E
peak sum = peak.cumsum()

peak sum|[win_len:] = peak sum[win_len:] - peak sum[:-win_len]

return peak sum
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< EEEE I BEE L PR A R B ) >
B { peak : (SUREISR A B RN A E S

win_sec : &5 CIAYHFRERE

sample rate : {FHRAVREEHL }

gt EFET  ERT— e PRI IR e (R BT -

import numpy as np
# SHE—EEBRENIYTERE
def count_peak ver2(peak, win_sec, sample rate):
# SHEEONEE
win_len = int(win_sec * sample rate)
# ST [FIRE RS 2 T G IR S 4R
# REATSTPHIRIEEAN S » FrLMEF AT win_sec FPHYLEFT » H i
win_sec PM&E 1A G BRI H) -
peak sum =[]
for 1 in range(len(peak)):
if i <win_len:
peak sum.append(sum(peak|[:win_len]))
else:
peak sum.append(sum(peak[i - win_len : i]))

return np.array(peak sum)
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