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5 SIGNAL PROCESSING AND CLASSIFICATION METHODS
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Figure 2.1. Sound level weightings.
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Scatter'diagrams.

Figure 7.7. Classifier performance.

Figure 7-6.
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Figure 7-8. Selected spectralfeatures.

Figure 7-9- Selected spectraland additional feature 2.
Figure 7.10.Selected spectral and additional features.
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Intuition about the nature of the features

the design process may

the insight gained during
f the necessity of some
hardware and data

Y

lead to re-examination o

Ing 1n economies 1N Sensor

measurements (result

processing

) or may lead to new ones.
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Chapter 3

A, £

Figure ZF.1. Effect of

" fFolding” of high fregquencies in the
apectrum of an aliased signal

pPhenomenon i=s called aliasing

and its effect on the apectrum of
the sS=ignal Hi1i= =ahown in fig. =10 [N A component of freguency
£ > £y will be confused with a lower component £ where £©° =
Fag — L€ — Fx}.

aa ahown din Fig- T2 where the Two
ainusoids £ and ' share the same sample points.

aliasing causes all frequencies given by 2nfy
indistinguishable from T,

results o

In fTact
St T T Coel e
where £ < ;. with disastroas
Figure 5.5 displays the aliasing effect on the
spectrogram of a tome of 1linearly increasing Ffreguency - Al thouesh
the freguency of the tone increases abowve

the spechtrogram displays a v
freguencies .

the NWyguist freguency,

reflection" back toward= the lowsrco

There exist btwo practical methods of overcoming
problem . T e to choose the sampling

sufficiently sSmall =o that the Nyguis=t

thae @l iassirnng
firast is=

interval T

freqgquency di= higher than
the expected bandwidth of the signal.

A sampling rate of 2.%

pPasge L AD
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10n process 1§ quantization

.

1gitizat
f the analogue values of the sampled wave-

The second phase in the d

the actual

conversion o

to a Series of

No matter how many quantization levels

form (which may occupy a continuum of values)

numbers of finite length.



m
cD
tIo
o
P

oNKInLOBpO F.m.m.ww @a0£O0DTOL S QOPATOL LOOfF
8070 OL ®00 £O TOTLQOTTOL OAFooonlof opp gO QJoUoon
273 5S¢ | vorponEpoo noagoodio aowold op poooafdo
0oQQ SO (TVOTM 0ETORO OAEooonr oOaf ogp voop oop ©3V0Q0 ETE TaQO LOOW
oQr "on QIQ03z0 OQOTLLOAC 0QQl 5O O0OCOTOAELO005sO oOfL QAQLEW TOTLODEA®OO

0T 0OQQOF oQL 50 aowod £oIpod0oo oA QA QOTTON OLLOOTOTLR

1
8 UL T2TOQ00QIT TUTO TOOTVOVILTE TVOON ETLAOL ©000QDTLWOO 50 DOEFLTQ0AO

cQo o

orH

aogpo30Q TO

10AO O B OODTBIDZ0OQ OLOAIBTE [80Q004g
OoIo FBDY EBaQOOLg 3°
‘02080 OJQBIEBAB 0oF0Q o0QQ O0OLLnOOO TOZEQLET FZT TEoQ [BD IO

ogQ 0800 ToTEAoafl “wopofo TOTQBZIQLESTP B TE 0L0RQAO O 000LTOO

Qo8poof 0T coop opg QO ©0TO O OCOTLOT TOELBZELTBTQ 0Bap “oaogoaopp

%

8¢ 007 A5 ‘'001B80Q0e8 OFf 98 Qf TBAQ ©C00® QO OLQBL OOFO0DT 04 0BT IO
% 8D0E1 80LaMEB8 g80m a0p ° T8 TpOsissa 8JoA8] QEY EQ 0Q ©Q

g0 8%vs8a B 0 SvTzvolsocannoo T8QETQL Q OL Q oonf 8084 © 8 i

posal ©g °*o0%vBA QTN -3

o op 8pp s8s8flvoso PBDBE8 opn LB8PQ popIAoel “g2 Ol QUon® 8T HOLTD
®53° 0 = mkm 81 0Q TOLBIUO[BO 8Q TVSPL AB® TOISLS VOO QL -

3, 000 0FgBa 88FTOT 0 PBDVELIS opn  "8LI@ 8P808  3F' 0=3 I *8°%
180 T8 IRUTETL0 ®PL OQ ©2B8ETR 88TO0T DVOLLSZELT8DVE 8PL QO 8TPIA

S0TOTAOA =l

cT*

oq OLO0O0 OT 0WQWER

a)

ongL Lo 1§ T Q Of 25D

0STWao Qo

<3
in

0 VE\O-

Aq uwaa1d wonouny Aysuap Ayprqeqord ®ogim
uorynqusip Ayprqeqord wirogiun v oAey [[IM J0JJd uUoneziuenb
9Y) ‘UOISIOAUO0I [BAIPI 104 -G TIJ UL umoys se ‘S[QAQ]
judoe[pe omy Jo duo 0} papunol 2q jsnw [3AJ[ ddwes ay; ‘pasn aie



=3
=3

7600T° 0@ O

o
S]

TTe

erd

erd
ch

nd

Enh

co
P
cT
cb

gsve0TvTO

"0 o

Z0 0T ST
3 TvsTVeT0 vQ 0

0TUUV3@T

TTe 3

0%

erd

bO
R
nd
ord

P

Tome 67T

Tdoe

cd
Ph

oowailiove

voa Ty

T1Te

o

Te03TVO® O

-
Q

0w ©voT 0T

a

0547037

iv TTe 2

270

0TO2RTVOA66 000TT

00 Ueo6T 06 OF

el

T

To

erd

>>
r-d

erd

cd

erd

P

P
cd

nd

ord
nd

=40)

mToe® 6760 TTUTO

erd

0TUTV3OT

-
el

TTe

*

Sdvoe TTe

U 0307TU 02866 .
TuveveToTa

2
a

>
Q

Z0TT TVOZTUE VO
TTeo0T

3o
0TUEOT

T07
&

2
(=8

ua
©0 V0T ®

0%
2ol

a

10T3dow oF
TTe T

>
a

v0T0

K
Q

ord

>
[=%

0%

vevoe® TVUe oewveolua

>
Q

°8TVOT0 TQ O

150 80TTA0T O

Soown

nd

erd
P
ord

cd

erd

ord

erd
P
cd

nd
cd

ord

-P

mn>

00O TT

TVVOOOTTUO

Q
a2

=)

TWI 07
(]

T

vI0 TO 6T 6TOO

TUOOOOO

ord
rP

i0Tdo

303

T30 2606003

o)

® VOO0

736 7Tv000060 .

oW oF

a

FuuoT

o wviev TwuaveTowo

T7we 3

0%

TUOT6TI

Q
a

20

ord

>
pl
kJ

erd

erd

cd
rd

>
2Ta

0dmz nesm-

Ted

U—
N
2

0T TO 0T 6T60 UTTO

7396 7v0000606 © T

gl 2070047y
SvvoTliow oF

20T00000U618T30T

30T

ie TIe 70 0T 637607
20 T o
1012 Ti00 50TOT
v02v0Te |

I
80T000T

0eoc T80 67uvizvi

O>
LO

Pl

E-+
dd

woun

P

erd

Jome v epe0TUa OF

o~T

Tuve 06TiocgsTioT

50U

ceTB803

ord
zP

ord
32

E-i

EH

Te P B

oT

ivlvodvwoTdoT

T30

rd
erd

=3
27Ta

o1wliom

.
2
Q

s Tve

0T O7
T

273

To 10 67T 6T60TUTTN 667

=

5207 0007TTT
7pUVOR0D

Tve

o Sowv

nd
P
cd
ord
nd

erd

340713 T0Tli00 TY00TyY

26 TTe

ord



oy} Sunuosardar sojdwes jo 2ouanbas oy i

. S0 {(LY)X, J] O SMOJ[0J Se pauljap oq Aew Ty UL

0 00gONO0T QOTAAOK OQORLO0EL ORYE £°3°

©0Q0TL000 QLS00 OKRL 0T 00TROM20000T OfF

WoTgOg " QLICICOI[0oa 200 RETEITLOLO J[OOTQOETLOLO 200 SaT o20TW 020 o007
qocooa ‘ool ofT BQIW 200O0FO0000 owoygoad ogp 200 o0QTaIls (QOOCLOPLTE
oI 2000 ¢ Jonocnol wWon OI KOIY *Itg € O8F ‘ojoalI0 oyl 5O onnpon

0TOQ 04 200 00TRO0AQ OQTAIg ORL OLOW 00QA)QOAR0 000ZyQL 200000

woryg =~ ooao goanorpopndnoo roand ogy woag poodo — 00ILCAOTSsIR

aIomn oY nog<ono O0I®m) <O MOTIQIO200)QT 0RL QI 2I00 O3 = 0
0 [sr] [3p] Oyl S 0 = . ™ 5 [=iry

‘ogoan0ad 202207 g0 oon 2n0] ogr Saranl oapoodo

O =

0 0 £O 00O0T 0mog (OOILO0TNO0FO ogxL a0 z0aTaboo 0320 002 o0gQ £O Lqaoon

804z | occoa20201004 20T 5IR00

ogL ©00 QOILOO0T5I200 OIY 3

h

;

r/\/
MD
CH
mr-

Looao 000 f 0O0AO 30IB8000A0 ONIQ Q@ 0O O OF OQOWINCO ©O3Q “aangoodo

=

ogt o0 ocotnorgopo ogp oroalor o0 00200 OF * I3 [ Q0FLO000
080500 ] ooonzon 20TQ 0O0TIAOQOg o20cT QaTage8I0 © QoI 0002 £O
0paomnl00 googo Barpr3T0 oI 000IOQA00 QOIBOOTIPOE OLF - 08LBogoTITa
20I5T200 O¢L + 0WQOg woa O aT non20z20Taod ogL 00( LS50 0 ag T'® <
ogs | (¢ Io Lo 0 0 <<« 95 (<Y 0« oo fono oozrdsao

2

ol £O oorpoanz OQTATs Oe 04 0O ©.0RLO TOOFLOFAOLO £O oonoo00¢
0o ¥

opofonos? 0Q0E I[O0g ‘qB800¢qL ‘o000Q OF(EF '©QQEOLONTII IOCOTQOFLOLO
AT OFO ¢0ao 0008020I20@ 20]T00 ©0Q050g 20QO0LLAOCN ogponzoad 208%0L-0000
£O ooL og ©00gog 20A0]000 204Q0M OgL OQ QOITVIO 00 OF(L *poog

Q¢ - 00FQLO0Lg QOI)BCOLA000QAB Ol £O ©3aQ0 ogBIz0ooacpaf oan (i
2uTonodsT2 ongl *o0oocooad oqL £O OFL BO B 00 ‘5 E ¢ oL Sofiidds
SrpowaT2 Tq 28080ER00 8% owagoods 0o of oyl ° «IBO0Igroodg - =BLgoOLSs

O WOTLBWELBO (80InOBal cO 8uas8L TT A0 GOILTAE502 50 8 w0 OF

Q0T ®O 0 OTQE {00Q0 0gQ Bas O0ILSILTBL 0407 OZL - O BIIBIS orz0rna<s

aop<og0



<D

A"
(o]
so
(0]
A

{=¢j (28O0 0P OUOBOTLLO00 OX{L (O tgosLo {focown oug

oxq ™ ¢ HOA orwod o xqrw opzorwod oY O POONOOB 003
E¢ O(UOTPOB((O00 WoPWMOg (O 300 Ox( ‘¢ 20T@od o ¢qgr oF20¢ 90

c
i

ord

& = 00607800 oxa &38BX4 000NOOO Q' ¥ (O OOPLP BLOZ

VWO Ssougq WOBLWNOY OOWOSEL o4g & & wo 2T(

kE)

ox{ °F L < @ °%F ©X

in
erd
A

Cl
ord

twogo so k ogonr PR

mos<sx0



(0 aogpono X0 TOWIOL ‘2000210000 202004 Ol 00QCO 200 0QOLOL

000ddg¢ Lo Snppoolfoa 20WIOC OQOR O 200000 0)PAPL 0O (O

0O JOnO a0TAROgL ORL AP gaonoaal o wojnoad 200300 ogp ‘050 oog
*l1*1l* +& 0OPLOOO aT Of 20000400 O0O0H 20000 0O0L ‘2np<woo (O
Jooon O OF (OPHW ° aIoor *0goArOpOT Of PAPL AOAO0 20002 OUR 0L

-oro 20p<woo no ooponodo 0 <€ € Lol 020 OgL wWwoag =ngpqooon

T ¢ ¢ 00q §AT 2000200000 oworgood QoFow OWQ 000 00O

(=] £ .=
=00 OMPM 200 0=0 OOA 3°'0

‘RL0P OO0 [XOOQ Ogf QP ROLOCA) OLO 200 OWTIOgO0aon(

O L 0L £O o0o00ROLOgsE2 OQQ WOQ5 OOPAO 000MOLO5gB2 ORF ° QP00

~OBW 00QcO OF O [ ORBL 000 o0 0OBP LOOLTF2 O 00s "0 00 I O OQF AT
ogonon) © 20LO0RTONO0 O LORW  *FH ¢ ¢ ©¢L ‘ac o 0 =ooo00 onoRa
~PQRO0 o0Qp 0Q QOPIWEO 00O wopo poggoponcn) Aoaov3ong 2MWO CwWIf

Wapgouww¥o L Taoon g T o ¢ onp g0 oozpeodoad oag 50 Q0O

00EQ0OO

L oo ogp ®T 20aPgop won ozozaol 20

erl

ET20W 0QQ woag P O

ord

(o]
022500832

erl

og wonj woa0o20pn 0 ¢ on¥ o 207]00 00000ad oqp ¢O woanpoofo ao* o
¢ < 14
ogA 0 opowppoo oo op ¢ *oooooad 0pp00gO0Q0 © 50 oJwoo
o or oononBo0 ol ©00OB¥ 0000 oL Oy *30m0aBoag popa’d ogl 000go
otegowwlhlo ocowoaB0O pPooa © OF 0OTMOO OWF) Pooa 005 LOEBL 1 5.5
ové 3 « 07~ |} x oowoaBoo oqu IO neagoodo nowod ogL ©OATE
- N X
- X
L g e =7 5 ? = T <
o
o TOAES § & 0 OqL EO 8XDTR20 0Oql £O 008038 0P

0000 ORORAPNOO0 Ol £EO ooToooR30Ls OABLOSOO Ol 0Q QOLOPOATREO

00 0000 of Tow 3no0soo00L) OgL £O §PO 200000 OL ~©0&H opagoww o

~ggoo oP goof AnoaPR WoF oL 200 Ll 18 aompooow ooorBong

poepxsd ogl QLRO(O 0TLROW<C¥O OP [BTX §O psod poon oqa Homoommo
?BOQ EO OIOAPOOO ORPL OF 0000 OLL OF (OB Dooa op oonoR8oo
TWEPQ OgL Q0L - zorgoroson owmonBo00f WRWPERW ORG 08FB OF OBL{

(ft
<D

-P
P
co

o



0>=23Te7D

< >
o Li
P o A o a)
03 JG [e] P A
(o) o -P o P
—1 JG erd 0)
P > JG
co Pm o o
- P & o
o 3 o -P cD
0 c P 6
A o o
P o 6 A <P
ord 0) P
le) A Pm G5 (o] o
or< o P T rd o)
P 0 0) U <o
L< C E Pn JG o
03 o O Cp <P Pm
x ord JG z CD A
P (o)
>> o * cd o
O rd 0) Pm
of~D P o [e] o
a o P e P 83
o] Pn o JG 1
> A «P x (o] JG
-P 0 (o)
le) P JG
A P . (o)
0 P o z o P
o - o P en °rd
03 (o) A
tn cD > Pm ord
03 ord Pn A A
[ o 0 X
T3 03 P rd o
A o A 6 rd
a ord -P rd
A ord rd £ rd
tp 03 £ -P
A a? SG o cD
P u (0] P -P
-P [=] o cD
m o 03 03 o
ad A > A P
T3 P Pn o *
[e] Pm (o] 0) JG z
P . [e) o A [0} P
a3 En A P 6 O
-P <G [e] cr* cD
O‘ Pa 03 A o
o . 0y P Pn O
cD A $G A ord A ord
[e) P o
03 o Pm o cd
A g cD o A
)0 P k a ng A
o e« P P O
03 o ¢p $G o o oM
A P a & 6 -rd
03 a) > 03 ord A P
o A ct A o A 6
rd £ = D o 03 o

Figure 3.6. Derivation of the D.F.T.
from the continuous Fourier Transform.
(From Bergland [ 1969 ])
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This window has a very Interesting property, in addition to

having a -32dB sidelobe level
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her
The average estimate

One way 1§ to average toget

several periodograms [ weLch, 1967 ]

Px(1)! will be:

periodogram can be circumvented.
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Bogert and his colleagues defined the power cepstrum

are treated.

They called the 'frequencies' in the cepstrum quefrencies

as the square of the Fourier transform of the logarithm of the power
having units of time,

spectrum.
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[t can be shown [ pupa & HART, 1973 ] that the decision rule becomes
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follows based on a review by Hill
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4 PATTERN ANALYSIS I
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[t seems that one of the prominent environmental effects and

probably one that is best understood and cons

ground reflections.
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As previously mentioned, the operating modes of the sources

medium are time varying, thus the signal received by the microphone

and the geometry and acoustic properties of the environment and the
exhibits a harmonic content changing with time.

The above considerations, however, cover only one aspect of the

problem.
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This section, therefore, starts with the

exposition of the hardware in order to make the development of the

buffering (section 5.2.4).
software comprehensible.
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Chapter S

The blocking of the tape done as describaed abowe 43 time
SO TR S G T - If Nb i=m the total number of byteas on the tape and

Mb is the nmnumber of bytes o be Tead each time, then
Ci—1 DM +1, (d—1DM +2, -.... ,iM,

ares the bytes tranaferred on the ith iteration.

Tha tTotal numbaer of
iterations ia N; = M, JF M, . If T, i3 the time talken

fFfor the Mh bytea €0 be read from the tape, then the total time
necesded s s

(1+2+F+. o o*H,; }Ty, = N, (W, +1 23T, / 2

Ty, i3 proportiomal +to the "hblock”" size and inversely

proportional +t+o the byte Tate which is 2 times the
4=

sampling Tate
o times the time base expansion coefficient = - The tTotal

Ttime mneeded For the " block=" of data to tranaferred from the +tape

will +thus be:
My N w1 g S aAf

For a 12 second record, digitized at £ =20,850 Hzx and

W ss= 20,850 bytes, the number of iterations Ni i= 24

[1 2320, 850x= 20, 8500 - The abowve Fformula yields FIO0 seconds or S

minutes for the bPlockinsg of =uch a Tecord. This duration excludes

the time regulred for the tape to rewind at the end of ecach

iPdteration and the time reguired for the data o be
Floppy disk.

written om the
Al thouagh the 1ast two processes occocur .simul taneously,

they neverthelesa delay the proce=o. The rewveraese pProcessS, 3 .2a. e

tranasfer of data from +the floppy disk tao the tTape also reguires time

which is= 1er times the duaratiom of tThe record, aas far ao

writing on tape ias concernaed . ITm practice this is lonser, due Lo

Tthe time reguired for the data +to be read Ffrom the dislk. A record

of 12 seconds fills two floppy disks with data transferred fFfrom +the
tape .

DA e A
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To Summari=e,

displayed is giwven by the formalss

it SRR L (5 1 R B - S B B SR E S SRR © Pt S ot I

where "

Chapter S

the apectrogram that was fimally computed and

P N L5 .113

acl” denotes some " whitening functiomn® . Tt must be noted

tThat din this formula any scaling factoras that scale egqually =11

freguencies have besn dropped . Also, that the fFfirst N/ =2

components are used, =iince the second W2 are aymmetric.

5.2.2 Threahaoalding

spaectral

Al though +the smoothing of the logarithm is much too =evere and

lowser=s the contrast of the spectrogTram,

atructure of the noises is evidemt in figures 6.1 .
be

varjiations of power imn the spechtrogram which

background in which powesr decline= with fregquency.

is more or less Tthe same for all classes and hence

in discrimimating between the clas=ses.

structure it was extracted Ffrom +the background using the
variable thresholdingsg scheme,

developed for thias purpose:

the difference in the

However, it can
aseen that the characteristic structure is formed by fast

i=s supsrimposed on a
The backgrouwund
it doe= nmot help

To observe the usefual

Ffollowing

T e

average scaled spectram | X (1) }, over all spectra in the

spectrogram, was calculated .

[ I
{eme Gadkr=rb Ly > o USRS S I =15 & vt o, WA2

=10

A1 Freguency bands that consistently exhibit high power

preserveaed, whereas irregular peaks are smoothed out. In

heavy s=smoothing is applisd on this averase spectrum

e rmEy | U [ T AT, TR Y ) S L AR
o=

DA e 124

G 1 =0

are thus=

addition, a

DE S P,
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Worth noting are the horizontal

l

Inary spectrogram 1n revea

The performance of the b

1S case.

in th

ing

k
lines at low frequencies which are completely hidden in the grey

spectrogram.

structures 1S stri

Lines due to compressor whine are also present.



Chapter S

The train spectrogram {(figurea 6.1d and &.2c) shows a fairly
steady horizomtal patterm at threé freguency bands. A thoush the
sources 13 wideband, it is effectively at the m=ame hedight as the
microphone =mo that the bands cannot result from reflection inter—
Fferenmoces o They most probably are due to resonances of the engine and

the bodyworlk of the train. The rTegunlar wertical bars dndicate the

rail Joimt kxnocks of the wheels of the carriage.

5.5 SummarTy

Im +thi= chapter, spectrograms of actual sSources were computed and

displayed, as given by formulas (5.%5)Y, (6.6 ana {(6-.1173,

purpose digital computbter.

OTL = omenersl
Hamming windowing was applied for lealkagge

reduouc tiorn .. The window Si=me was 2494.56 ms with SOF owverlap, egiwvings

mnominal FfFreguemocy and time resolutioms of 40072 He and 12028 ma,
respecitively - A schemse for the processing of the apectrogsrams in order

to enhance the characteristic structurses was also presented .

The Spectrogcram=s obtaimned werifyr the rTesulitaes of the manalysia of
chapter 4 and Ssuggest features which may be used for ddentification of
the Ssources . The definmition and extraction of featares is the

of the next chapter.

subject
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IS no significant structure above 5

Therefore, 1t is justifiable to take the low 128 spectral

An observation of the spectrograms of figure 6.1 leads
components as candidates for the feature set, to cover the frequency-

to the conclusion that there
range up to 5,212.5 Hz.
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Figures 7.5a, b and ¢ show pseudospectra derived from the

average amplitude sequences of figure 7-5a, b and c,

7-5b, derived from

[t can be seen that in fig.

respectively.

1S are

the helicopter sound, a fundamental peak and It harmon

The fundamental peak 1S featured in the range 10 to 15

featured.
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No pronounced

Hz for the helicopters sounds of the data base.
peaks are featured in the other figures.
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feature depicting the peak in the 'pseudospectrum' (section 7-1.2.5),

referred to as 'add

The third set included, in

| feature 2.

1tiona

addition to the features of the first set, both features defined in

section 7.1.2.2 and 7.1.2.5, referred to as 'additional features . and



Chapter T

TaeZ2:.1T Evaluation of Spectral Features

The objective of the first experimeuts was to establish whether al)
the average spectra (as defined in relatiom (7.-1) and
figure T.-1) of the subrecords alone, aftter

discriminate the classes;

shown irmn
normali=zation, could

and b)) to Fimnd out which Ffrequency bands

prowvide best discriminmnation. In amddition, inm wiew of the eventuaal

hardware implementatiom of tYThe classifier, the effect of

modification of parameters such as the width of the bands on the

rerformance of ftThe classifier waas dnvestigated . The fundasamental

bandwidth of the gspectral components was approximately 4TH=,
mentioned sarli=sr.

E=g= ]
Thesse were averaged in groups of 2 up to 12 tTto
realise bandwidths from 41 to 48S8H= .

Te2Z2-2 Evaluation of Additional Featbtures

The sSsecond set of experimemnt=s was to see whether incorporatiom of

tThe cepstra and the variatiom of the average amplitude mas features

conrld Iimprove the performance of the classifier significantly. Th e

cepstrum was evaluated by taking the dnverse Fourier transform of

the average spectrum of each subrecord {definition [(7T.23). Most of

the asroplane records exhibited a cepstral peak in the Tange J5.58 to

5 . 8ms . The average amplitude”™ —gamnitude in cepstral term=s— in

this range was to be the cepstral feature.

The wariation of the average amplitude with time { figs.

T-4)
was thought (o bhbe another promising feature for noisces that exhibit

dmpulsiwve sSlow pericodicities such as the helicopter blade noise
(fig- T dhlia

For each subrecord the seguence of definidtiom (T30
woas normalised .,

appernds=sd wWwith =eroa to form a 64 sample window =@mnd

finally Fouriser tranasmformed . As the interval between succeasive

samples of ¥Fthe functiom was 12.2msa the freguency components were

1.28Hs apart. Helicopter noise=s ashowed a peak inmn the range 10 o

15H= and the average "Tamplitude"™ in thias range constituted +the

corresponding Ffeature.
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Nevertheless, If is
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computation and complexity of the recognition system that is
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Selected frequency bands & additonal feature

Figure 7.9a.
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Chapter B

B.1 Simalation Results: Implications

The results of the simulation of the previcus chapter indicated that

the features required for recognition better than 9Q5% are sither

a)

the averagese amplitudes of 6 freguernciyr ands,

preferably of 250 H=
barndwidtiy,’

averaged over 4%0 ms.

B) the average amplitudes of 5 freguency bands, as above, in addition
+to the "amplitude’ of the '"pseudospecihtram’ Lthe Fourier transform
of +the +time wariamtion of the averasage smplitude of the signal over
450 m=) in the range of 10 €to 153 H= or

<)

the average amplitudes of 4 bamdas as

im =) amabove in addition o
the "amplitude®

of the pseudospectrum and the

" gamni tude’ of the
Aaverage cepstrum in the range 3.8 to $5.8 ms.

Arn dmplementation of =an imstrument for the jidentification of noise
polluticon sources should be based on the results briefly mentioned
above . Howewver, as the rmange of noises that a source iddentifier in =
ead envir&nment is it seems that more feasatures than
tho=sme idindicated abowve would bhe needed to achieve the prescribed

recognition rate of more tThan L=

certainly wider,

A Figure of 10 freguency bands in
addition to the apecial features sSeceem=s Lo be neces=sarTy - By dncreasins

it ds unlilkely that any
further dmprovement in recognition rate could be

sraphs of figure T.7T.,

peaks when 9

+the number of freguency bands even more,

obtained . T +the

the perfromance curves have nearly reached their
spectral Ffeatures are included .
evern incure confusion,

H= bandwidthss. Th e

Any more featuares might
as can be seen in the curves for the 450 and 490
10 bands are given in table 2.1, together with

thedir rTanking (chapter 9, =section T.3)- They hawe been +taken from the

histogram for the 244 H= bandwidth of figure T.S85b.

Another consideration is that when more moise

ocomTr in the wicdnity of the didentifier,
that woumld

types are l1likely to
the =actual freguency bands=
incur the best recognition r™mte should be ascertained with =

simalation study similar to the one presented im +this

thesis - The
inmnstrument muat,

thereforae, have adjustable centre Ffreguencies of the

freguency band= .o

page a5



Table 8.1
Frequency Bands for Source Recognition

(244- Hz Bandwidth)
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Apperndix ITW

4.2 Program AMITAPE

This program performs editing of the data base created by the prewvioun

Prrogram . AMTAPE allows a) Change of identifier, b)) change of comments
<) change of sampling rTate dl deletion of rescord. The program accephbs
up to 20 ididentifiers for acceasing and modifying the corresponding
records= . BEach ddentifier is followed by the mew {if any) descriptors.
The form=st HG=-= Fecord identifier with flag {(format AG,O02) . When bita
0,1,.2 or 3 of the occtal flag are set the corresponding functions a,b,co
or 4d described above will be done B e & - ACT . O110 is delete record

ADT .01, AOD1.O107 is change identifier, comment and sampling rate of
AT O . I'f bDbits O, 1 or 2 of the flas are =<t +the corresponding new

items must follow im separate cards immediately and in order. Input 1=
terminated upon reading a card with identifier "STOP® or "LIST" . T e

latter instructs listing of all records.

A s e =350
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