
The Acoustical Society of Japan

NII-Electronic Library Service

The  AcousticalSociety  ofJapan

.J; Acoust. Sbc. .ipn. (E) 8, 6 (1987)

Loudness and  noisiness

Results of  round  robin

of  a

tests

repeated  impact sound:
in Japan  (II)

Toshio  Sone,*' Kiyoto Izumi,'2 Shunichi Kono,"i  Y6iti Suzuki,"t

Yasunori  Ogura,*t Masazumi  Kumagai,"3 Hajime Miura,*` Hisashi Kado,*4

Hideki Tachibana,*5 Kozo  Hiramatsu,*6 Seiichiro Namba,'7 Sonoko  Kuwano,*7
Otoichi Kitamura,*S  Minoru  Sasaki,*D Masanao  Ebata,*i" and  Takashi Yano*ii

*i
 Research institute ofElectrical (:bmmunicatien, 7bhoku  Uitiversity,

2-1-1,  1(btahira, Sendoi, 980 .lapan

*2
 Department ofArehitecture, Muroran  litstitute of 7lechitolbg7y,

27-1, Mizumoto-eho,  Mureran, 050 lapan
S8

 Sendai IVlational Cbllege of 7lechnokzg7y,
Miyqgi-cho, Adi7trgi, 98SL31 lapan
*4

 Laboratory of Acozastics, Eiectrotechnical Laboratot:y,

1-1-4, Umezono, Sakura-mura, IViihari-gtm, lbcp'aki, 3as Jbpan
'5

 institute ofJndustrial Science, 71he U)iiyer:sity of 7Z}A),o,
7r22-1. Roppotrgi, Miuato-ku, lbkyo, 106 Jbpan
*e

 theuLty of E}tgineering, K),eto Vitiversity,
}'bshido-hon-cho, SZikye-ku, K),oto, 606 lapcm
*T

 CbUege ofGenerat caucation, Osaka  Uhiversity,
1-1, Maehikaneyama-eho, 7byonaka, 560  Jbpan
*S

 Oszrka Vitiver;sity ofArts,
Z59, Higashiyama, Kbunan-cho, Miuamikawachi-gun, Osaka, 585 Japan
'9

 Department ofAcoustic Design, Kyushu institute ofDesign,
4-9-1, Sniobaru, Minami-ku, I7Likuoka, 815 Japau
*iO

 Department ofE7eetrieal Engineering  tznti Cbmputer  Scienee, Kinmcmloto Uhiversity,
2-39-1, Kberokami, Kizmamoto, 860 lapan
*ii

 Depcv･tment of Ehvironmental Cbnstruction Ehgineering, Ktimamoto Ubeiversity,
2-39-1, j(berokanti, Kitmamoto, 860 .lapan

(Received 22 Jbne 1987)

This paper  reports  and  discusses the results  of  the second  stage  of  experiments  of  a

round  robin  test on  the evaluation  of  impact sounds.  Two  psychological attributes.

Ioudness and  noisiness,  were  dealt with  in this study.  The  PSE's for both attributes
were  obtained  by using  the same  experimental  procedure. In this study,  a  repeated

impulsive soumd  whose  duration  is 3 s at the longest was  presented in a  diotic listening
condition.  The  results  of  tbe  study  are  summarized  as  follows: 1) The  coefidients  for
linear regressions  of  PSE  on  L,E  (the frequency-unweighted sound  exposure  level) were
O.62-O.63 for loudness, while  they were  O,93-1.11 fbr noisiness.  This  seerns  to indicate
that the time constant  fbr integration of  sensation  is longer for noisiness  than for loud-
ness.  2) For  both loudness and  noisiness,  L,E  showed  a high correlation  with  PSE  ob-
tained by our  experiments,  and  thus  loudness of  repeated  impulsive seunds  might  be
deseribed by L,E  vvith some  modifications,  and  noisiness  can  be expressed  by L,E with

minor  modifications.  3) The  difference between the results  of  carrier  signals  used  in this
study  has little effbcts  on  the experimental  data.

PACS  number:  43. 66. Cb, 43. 50. Ba
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            1. INTRODUCTION

  In evaluating  steady  or  slowly  fluctuating noises,

LAeq is widely  used  today.t,2) How  to evaluate

impulsive noise,  however, has not  yet been made

clear.S) Considering that we  often  encounter  impul-
sive  noise  in our  daily lives, such  as  the sound  of

slamming  doors, typewriting, hammering  and  so

forth, the  need  to  establish  a  method  for evaluating
such  noise  is imperative. This paper  describes the
-
 second  set  of  results  of  a  round  robin  test carried  out

in Japan, the purpose of  which  was  to  establish  a

method  of  evaluating  the level of  !oudness and  noisi-

ness  of  impulsive sounds.

  There is a method  of  evaluating  impulsive noise

which  is being temporarily used.  This is the method

of  using  an  impulsive adjustment  as  described in
ISO  R1996-1971,`) where  5dB  correction  can  be
added  to LA., when  the noise  is impulsive. This
value  of  correction,  5 dB, however,  was  omitted  from

ISOfDIS  199612-1985.5)

  Regarding  instruments fbr mea$uring  sound,  a

circuit with  an  
`I'

 detector-indicator characteristic  of

a  sound  level meter  as described in IEC  Pub. 6516)

is well  known. However,  neither  the  adjustment  nor

the characteristic  
`I'

 is based  on  experimental  results

acceptable  to  most  researchers.

  The  problem  of  how  te  evaluate  impact sounds
still remains  unsolved,  though  many  researchers

have studied  their loudness and  noisiness,  and  the

annoyance  they  cause.S,7"6)  Psychophysica! experi-

ments  are  often  affected  by several factors, such  as

instructions to subjects,  apparatus,  room  acoustics

of  a laboratory, etc. Therefore, it is not  easy  to

compare  the results from  different laboratories. The

authors,  who  belong to  different research  institutes,
made  a  plan to  do joint experiments  using  the  same

stimuli,  the  same  instruction, and  the  similar  type

of  equipment,  and  tried to make  clear  the  appro-

priate method  fbr evaluating  impulsive noises.  The
authors  have continued  participating in cooperative
studies  for finding a  solution  to  this problem  since

1982. An  experiment  on  loudness of  single  bursts of

irnpulsive sound  was  the  first step  in the  round  robin

test.3) The results of  the experiment  reveal  that

both L,E (to be discussed later) and  the maximum

output  of  an  r.m.s.  circuit with  a  time constant  of

125 ms  or  1s can  explain  the loudness of  a  single

burst of  impulsive sound  which  has a  quick onset

(1 ms  for 20 dB  change),  a  steady  part (OA. 1oo ms
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Table1 lhe names  of  the laborateries and

  the researchers  that participated in the
 round  robin  test.

Laboratories AfEUiated reseachers

Muroran  Inst. Technol.

  (Dept. Archit.)

Tohoku  Univ.

  (Res. inst. Electr. Comrnun.)

Sendai Natl. Coll. Technol.

  (Dept. Electron. Eng.)

Etectrotech. Lab.

  (Lab. Acoust.)
Univ. Tokyo  CInst. Ind. Sci.)

Kyoto  Univ.' (Fac. Eng.)
Osaka  Univ.

  (Coll. Gen. Educ.)

Osaka  Univ. Arts

Kyushu  inst. Des.

  CDept. Acoust. Des.)
Kumamoto  Univ.

Izumi, Kiyoto

Sone, Toshio

Suzuki, Y6iti

Ogura, Yasunori

Kono,  Shunichi

Kumagai,  Masazumi

Miura,  Hajime

Kado,  Hisashi

Tachibana, Hideki

Hiramatsu, Kozo

Namba,  Seiichiro

Kuwano,  Sonoko
Kitamura,  Otoichi

Sasaki, Minoru

Ebata, Masanao

  {Dept. Electr. Eng. Comput.  Sci.)

Kumamoto  Univ. Yano,

  (Dept. Environ. Constr. Eng.)

Takashi

duration) and  a  trailing part (30rv 300 rns  for 20  dB

changej.

  The  experiment  discussed here was  carried  out  on

repeated  impulsive sounds.  We  actually  experience

repeated  impact sounds  such  as  noise  from  a  diesel

pile hammer,  a  concrete  breaker, a  typewriter  or  a

helicopter.i6> In order  to  clarify  whether  the sarne

method  of  evaluation  used  with  a  single  burst of

impulsive noise  is applicable  to  a  repeated  burst or

not,  we  designed an  experiment  to measure  loudness

and  noisiness  of  repeated  impulsive sounds.
  Table 1 shows  the  naines  of  the  eleven  laboratories

with  which  the  authors  are  aMliated.

      2. LOUDNESSOFREPEATED
           nvPULSIVE  SOUNDS

2.1 ExperimentalProcedure

  The  constant  method  was  used  here in psycho-
acoustical  experiments  for both loudness  and  noisi-

ness  of  impulsive sounds.
  Table  2 describes the test stimuli  used  in the
experiment  where  their levels are  expressed  in terms
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              Table 2 Experimental eonditions  and  the levels measured  in diffet;ent ways.

Evaluatedlevelsbyseveral
evaluatingmethods'2(dB)

DataNo.Peaklevel
tphon)Risetime*i(rns)

Decaytime*i(ms)Repetitionrate(timesls)

LpE I F s

1 singleburst62.1 76.2 71.6 63.2

2 1 66.9 77.9 71.6 64.9

3 30 3 70,8 80.0 71.9 68.2

4 10 7S.4 82.0 74.3 72.9

5 30 80.1 83.4 78.3 77.5･

6 singleburst 67.3 79.6 75.8 68.1

7 1 72.1 80.8 75.9 69.9

8 85 1 1co 3 75.9 82.2 76.2 73.2

9 10 80.6 83.5 79.0 77.9

10 30 85,3 85,4 83.3 82.6

11 singleburst72.2 81.9 79.1 72.3

12 1 76.9 82.7 79.1 74,2

13 3oo 3 80,7 83.5 79.7 77.7

14 10 85.5 85.4 83.4 82.6

15 30 90.0 88.7 88.0 87.3

*1*sThe
 time  with  20 dB change.

Carrier signal  is 1 kHz  sinusoidal  wave.  L,E  is frequency-unweighted sound  exposure  level. I, F

are  the peak level through  
`I,'

 
`F'

 and  
`S'

 detector-indicator characteristic,  respectively.

and  S

of  loudness !evel. Figure 1 shows  the envelopes  of

test stimuli  which  have  exponentially  rising  and  de-

caying  parts. These fOrms were  chosen  on  the  basis

of  the  analysis  of  actual  impact sounds.tt)  The

stimuli  were  digitaily synthesized  by means  of  a  32-･

bit minicomputer  (TOSBAC  DS-6oo)  in which  a

single  burst of  impulsive sound  was  superimposed  on

the original  sound  with  some  time delay to create

a  repetitive  impulsive sound.  When  envelopes  of

bursts of  impulsive sounds  overlapped,  they were

synthesized  based on  the energy  rule.

  Figure 2 shows  an  example  of  the  time pattern of  a

pair of  stimuli  consisting  of  a  test stimulus  and  a

comparison  stimulus.  In this figure, the durations
of  the test stimuli  range  between 2 and  3s  ac-

cording  to the  decay time  except  for a  stimulus

of  a  single  burst, since  the time delay of  the starting

point of  the last impulse was  limited to 2.0s from
the beginning of  the  burst.

  The  carrier  signals  fbr stimuli  were  the same  as

those  used  in the previous  experiment,  i.e., a  1 kHz

sinusoidal  waye  and  a  mixture  of  two  asymmetric

rectangular  waves  with  fundamental frequencies of

440 Hz  and  1,175 Hz.a' The  ratio  of  the amplitude

of  the 440 Hz  component  to  that  of  the  1,175 Hz

component  was  three  to  two.  Both  frequencies are

in inharmonic  relation  and  the amplitude  ratio  was

chosen  so  as  to bring about  a  fusion of  bQth cornpo-
nents.  The  duty cycle  for the  rectangular  waves  was

15%  in order  to reveai  the  wide  frequency spectra.

This complex  signal will be hereafter referred  to as

the asymmetric  rectangulax  wave.

  The  peak  level of  an  impulse was  85 phon  fbr both
carrier  signals.  This level is the same  as that for
continuous  sound  having a  peak  level equivalent  to

that of  an  impulsive sound.  It is equivalent  te SPL,
85 dB  in a1kHz  sinusoidal  wave  and  SPL, 82 dB
in an  asymmetric  rectangular  wave.  This 3dB

esi
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Fig. 1 The  envelopes  of  the test stimuli.

  Rise and  decay time  is the time  required

  fbr 20 dB  change.
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Comparison
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Fig. 2 The time  pattern of  the stimuli  pair
  used  in the test.

difference was  subjectively  obtained  in a  preliminary
experiment.  It should  be noted  that the maximum

level of  the synthesized  envelope  could  be higher than
85 phon for test stimuli  with  the  higher repetition

rate  andlor  the longer decay time.

  The  comparison  stimulus  was  a  steady  sound

lasting 2s, and  its rise  and  decay time  were  both
5ms  fbr a 20dB  change  in level. The carrier

signal  of  the  comparison  stimulus  was  always  the

same  as  that of  the test stimulus  with  which  it was

compared.  The  level of  the  comparison  stimulus

was  one  of  nine  levels which  differed by a  step  of

2.5 dB. In the experiment  both  orders  of  stimulus

presentation were  randomized:  1) a  test stimulus

fbllowed by a  comparison  stimulus,  and  n  a  compari-

son  stimulus  fbllowed by a test stimulus.  Since each

pair of  stimuli  was  presented to a subject  three times,
he/she responded  to 54 pairs of  stimuli  for each

stimulus  condition.

  The  synthesized  stirnuli  were  produced  by  a  16

bits D/A  converter  at  a  sampling  rate  of  50 kHz  and

recorded  on  video  tape  in EIAJ  fbrmat  (44.056 kHz,
l4bits) of  PCM  code  for distribution among  the
cooperating  laboratories.

  Our agreement  upon  experimental  conditions  were

the foIIowing: l) binaural hearing through  head-

phones, 2) a  subject  sitting  on  a  chair  with  hislher

eyes  closed  during the experiment  ses$ien,  3) back-

ground  noise  in a  listening room  less than 35 dB
in A-weighted SPL, 4) a  dead listening room,  5) a
listening room  in which  there is enough  light to read

a  book.

  Headphones  used  in the experiments  were  YAMA-

HA  HP-1000 manufactured  in the  same  batch, and
their frequency response  characteristics  were  ascer-

tained to be unifbrm  beforehand. For the purpose
of  training 

'subjects,
 a  specially  recorded  tape  was

prepared. This･tape  contained  combinations  of

stimuli  which  could  be judged easily.  The  contents

of  the  instruction given  te subjects  were  prepared  at

NII-Electronic  
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Osaka University, and  it was  basically the  same  as

that used  in the previous experiment.  We  simply

asked  subiects  to judge which  stimulus  in a  pair was

louder  (2AFC paradigm).

  The  experiments  were  executed  between 1984 to

1985, and  the  detai!ed results  were  recorded  on

OCR  (Optical Card Reader)  sheets  or  fioppy discs fbr

collection.  The  subjects  were  111 young  adults  with

normal  hearing.

2.2 Results on  Loudness

  Experimental results  were  first analyzed  at Tohoku

University. Two  kinds of  PSE  (Point of  Subjective
Equality) averages  were  calculated  from the data;
one  is the  arithmetic  mean  of  PSE's calculated  for
an  individual subject,  and  the other  is a  PSE  obtained

from integrated data on  the  assumption  that  all

responses  of  the subjects  to stimuli  are  raridom  sam-

ples from  the same  population. The  fbrmer is called

,PSE(I) 
and  the latter PSE(T)  hereafter. PSE's  were

calculated  by using  the method  of  maximum  likeli-

hood estimation.i7>

  Tables 3 and  4 show  the  frequency distribution of

individual PSE's  as  well  as  the mean  values  (PSE(I))
and  the standard  deviations.

  There  were  a  few data which  could  not  be proces-

sed  by the method  of  maximtm  likelihood estima-

tien. They were  classified  into two  types: one  was

the type for which  the  psychometric function could

not  be fixed clearly  because of  the randomness  of

the  responses,  and  the other  was  the  type  fbr which
                                            .

PSE's fe11 far outside  the  range  of  comparison  stimuli

prepared for the  experiment.  One  subject's  data

belonging to  the  former type  were  discarded from

loudness estimation  due to his inability to discrimi-

nate  the difference between two  sounds.  Regarding

the latter type  of  data, almost  all of  the  comparison

stimuli were  judged louder or  softer  than the  test

stimuli.  Ten  data out  of  the 3,270 were  of  the latter

type  for loudness, while  about  9%  of  the data was

found to  be of  this type  fbr noisiness.  The  la.tter type

of  response  was  concentrated  on  the  single  burst of

impulsive sound,  and  furthermore, most  of  the

PSE's  in these cases  seemed  to  be below  the lowest

level of  the  comparison  stirnuli  prepared. The  num-

ber of  this type  of  data is indicated by UL  and  UG

in Tables 3 and  4. UL  is the  number  of  data in

which  almost  all test stimuli  were  judged softer than
the comparison  stimuli  irrespeetive of  their leyel,

while  UG  is the number  of  data in which  almost  all

test stimuli  were  judged to be loUder than  the com-

parison stimuli.

Table 3 Frequency distribution of  subiects  whose  PSE's for loudness are  within  the ranges.

   Carrier signal  is 1 kHz  sinusoidal  wave.  PSE  (I) is an  arithmetic  mean  of  individual PSE.

   UL  and  UG  are  the frequencies of  inestimable data  because of  one-sided  judgment. The

   data for UL  may  have PSE's less than 50  phon,  while  the data for UG  may  have PSE's

   greater than  92 phon.

No.-50-52.･54-S6-58-60-62-64KS6-68-70-72-7tF76..78M80-87-8tF86-88-90-92- ULUG  PSEa)  SD

1234567891011121314151 1 0  0 1 1 2

OOOOIOO

O O O O O I O

ooooooo

ooooooo

ooooooo

oooo  o'oo

ooooooo

ooooooo

ooooooo

ooooooo

ooooooo

ooooooo

ooooooo

oeooooo

5 14 15 16 19 12 12

e 7 11 10 27 22 16

O O 1 117  20 26

OOO1O312

OOOOO04

O O 7 411  13 25

OO1O2819

OOOO022

O  O O O O O I

ooooooo

O O O  0 5 9 6

O O O  O O I I

ooooooo

ooooooo

ooooooo

4719265252215oo108ooo 30000000

 63000000

18 6 1 O O O  O O

35 21 93OOOO

20 36 29 11 3 2 O O
15 6'O3OOOO
27 21 73OOOO

29 33 25 4 O  O O e
10 22 47 26 4  O O O

 311  33 39 21 2 1 O

28 22 17 10 2 O O O

14 37 31 15 3 O O Q
 O14  38 48 7 3 O O

 O62153M6OO

 O O 114  55 34 5 1

4oooo1oooo1oooooooooeooooooooo69.372.175.178.781.475.277.980.282.784.379.581.684.085.187.55.24.03.42.62.63.83.22,52.02.13.82.41.81.71.6

'253

NII-Electronic  



The Acoustical Society of Japan

NII-Electronic Library Service

The  AcousticalSociety  ofJapan

                                                    JL Acoust. Sloc. .ipn.  (E) 8, 6 (1987)'

Tabre 4 The  same  table as  Table 3 exoept  that the carrier  signals  are  asymmetric  rectangular

   waves.

No.-50-52-54-56-58-60-62-64-66-68-70-72-7ZF76-78-80-82-8tF86-88-90T92m  ULUG  PSE(I)  SD

123456789101112131415oooooloooooooooooooooooooooooo1oooo1ooooooooo1ooooooooo1oooooooooooooo1oooo11oooooooooooooooooo4oooo1oooo61oooo1oooooooo76ooo1ooooooooo922oo1ooooo1ooo25132oo2ooooooeoo16167oo611oo6oooo1626221186ooo2oooo1723308113142oo3oooo3152025427187oo147ooo 3 1 O O O O O O

 61  0 0  0 0 0 0
21 6 O O O  O O O

3226153OOOO

31 37 27  8 1 O O O

27 19 OOOOOO

32 28 9lOOOO

31 34 22 11 1 1 O O

 320  62 22  3 O  O  O

 O 723  54  21 5 O O

16  27 25 14 O O O  O

17 31 32 15 6 1 O  O

 622  38 36 6 2 O O

 O O  844  42 14 2 O

 OOO522  70 13 O

4ooooooooooooooooooooooooooooo70.372.775.579.480.975.878.480.983.084.979.681.883.486.288.54.63,82.92.42.25.83.12.51.61.85.12.92.11.61.3

Table5  PSECT)
  impact sound.for

 loudnessof  repeated

Pecaytime

 (ms)

 Repetition
   rate

(repetitions/s)

 1kHz
sinusoida4

  wave

 (phon)

Asymmetric
rectangular

   wave

  (phoni

 30

 30

 30

 30

 301oolooloolooloo3oo3oo3003eo3oo

single  burst

      1

      3

     10

     30

single  burst

      1

      3

     10

     30

single  burst

      1

      3

     10

     30

69.472.175.278.681.375.277.980.382.784.279.581.683.985.187.5707275798076788083848081838688

..

'

`

.

o7539349o8o8324

  Table 5 shows  PSE(T)'s.
with  Tables 3 and  4, we  can

PSE(T)  are  almost  the same.

2.3 Discussion

  Table  6(a) shows  the

Cornparing this

 see  that  PSE(I)

results of  the

table

 and

analysis  of

variance  of  individual PSE's. The  main  sources  fbr

this analysis  were  the laboratories  where  experi-

ments  were  executed  (1or, the  carrier signals  of

stimuli  (2), the  decay times  (3) and  the  repetition

rates  (5) of  stimuli. Sex  was  not  considered  in the
analysis  because it was  insignMcant in the  prelimi-
nary  analysis.  SPSSX statistical  package  was  used  for
this analysis.  All the main  sources  were  significant

beyond O.Ol points, The  results  of  multiple  classifi-

cation  analysis  (Table 6 (b)), however, show  that the

contributions  of  the laboratories (O.Olaj and  the
caniers  (O.O02) were  low  as  compared  with  those  of

the decay times  (O.33a and  the repetition  rates

(O.348). Moreover,  the maximum  deviation among

categories  of  the laberatories (about ± 1dB)  and

the carriers( ± O.2 dB) were  fai; !ower  than those of

the decay times (± 4dB)  and  the repetition  rates

(± 5 dB). Therefbre, the influences of  the laborato:

ries  and  the carriers  on  the experimental  results,

though  statistically significant,  were  considered  to

be small  eneugh  as  their contributions  and  deviations
were  relatively  small.

  As  a  result  of  the previous experiment  of  the round

robin  test, we  concluded  that  L.E was  appropriate

for describing the loudness of  a  single  burst of  im-

pulsive  sound,  where  L,E equais  the frequency-
unweighted  sound  exposure  level as  expressed  by Eq.

(1).S,iS) In this paper the  relation  between the  ex-

perimental results  and  L,E is examined  as  well.
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     Table 6 Result of  analysis

       psEa).

(a) Resultofanalysisofvariance.

of  variarleeand  multipleclasshicationanalysis  forloudness

Source of  variation Sum  of  squares DF Mean  square F

Main  Effects
 LABO
 CARRIER
 DECAY
 REPEAT

2-way interactions

 LABO  CARRIER
 LABO  DECAY

 LABO  REPEAT
 CARRIER  DECAY

 CARRI[ER  REPEAT
 DECAY  REPEAT
Explained

Residual

Total

75,837.877

 1,389.705
  174.982
36,630.753
38,oo6.947

 3,764.013
  340.054
  5e2.691

 1,937.037
   2.948

   27.727

  970.809
79,601.889
27,233.661

106,835.551

 16
 9

 1
 2

 4
 77
 9
 18

 36
  2
  4
  8

 9331663259

4,739.867
 154.412
 174.982
18,31S.376

9,SOI.737
  48.883

  37.784
  27.927

  53.807
   1.474
   6.932
  121.351
  8S5.934

   8.602
  32.782

 551.025

 17.951**
 20.342**
2,129.221**
1,104.607**
  5.683
  4.392**
  3.247**
  6.255**
  O.171

  O.806
  14.107**
  99.505

'  Sigriificant beyond O.05 point.
"'

 Significant beyond O.Ol point.

(b) Result of  multiple  classification  analysis.

   Grand  mean==79.90

Variable+category N Deviation Contribution ratio

LABO
   1 MURORAN

   2 TOHOKU

   3 SENDAI

   4 ETL
   5 TOKYO
   6 KYOTO

   7 OSAKA
   8 KYUSHU

   9 KUMAMOTO(E)

   10 KUMAMOTO(A)

CARRIER

   1 SINEWAVE
   2 REerWAVE
DECAY
   1 30

   2 1oo

   3 3oo,
REPEAT
   1 SINGLE
   21

   33

   4 10

   5 30

18046S4163902982523oo390329240

1,6141,646

1,0821,0891,089

644654654654654

-O.46-O,06

 O.33
 1.14

 O.Ol-O.99-O.31-O.05-O.95

 O.82

-O.23

 O.22

-4.31

 O.45
 3.83

-4.84-2.47-O.03

 2.62
 4.65

O.O12

O.oo2

O.336

O.348
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Aag

 90.EtuCLeto

 808g8"

 70t'

i560

           60  70  BO 90･

                LpE of  TEST  STIMULt  (dB)
     Fig.3  Relation between L,E  of  the test

       stimuli  (abscissa) and  their  PSE's  of  the

       loudness (ordinate). L,E means  the leyel
       of  the squared  integral of  sound  pressure.

       In this figure, PSE's  are  PSEa)  that was

       an  arithmetric  mean  of  indiyiduai PSE's.

       This  figure shows  the results  of  the experi-

       ments  in which  the carrier  of  stimuli  was

       a1kHz  sinusoidal  wavc.  The  solid  1ine

       is a  regression  line. `r'

 is the  correlation

       coeMcient.  
`S.E.'

 is the  standard  error

       of  estimation.

         L,E =  10 1og [- t!,co 
P;:;)

 de] (i)

         7h =  1 s, p(t) : sound  pressure, po =  20 psPa

  Figures 3 and  4 show  the relations  between L,E
and  PSE(I)'s. FZrom these figures it can  be seen  that

L,E  and  PSE(I) are  strongly  correlated  with  each

other.  The  regression  coeMcients  of  O.63 and  O.62

in Figs. 3 and  4 mean  that  PSE  increases by  about

6 dB  as  L,] increases by 10 dB. This result  is thought

to arise  from the character  of  our  auditory  system,

i.e., the auditory  time  window  for loudness is shorter
than  the  whole  length of  stimuli  used.

  Nevertheless, the strong  correlation  between L,E
and  PSE's  suggests  that L,E has the  potential to  be

a  descriptor of  the loudness of  repeated  impulsive

sounds  used  in our  experiment,  theugh  some  modifi-

cation  might  be needed.

  The  correlation  coeMcients  between experimental

PSE(T)'s and  L,E are  O.969 (1 kHz  sinusoidal  car-

rier)  and  O.968 (asymmetric rectangular  carrier),

and  regression  coeMcients  are  O.63 aitd  O.62. These
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Aeg

 90.EWndca

 80eeg8"

 70t'

ki60

J. Acoust. Sbc. lpn. (E) 8, 6 (1987)

          60 70  80  90

                LpE of  TEST  STIMULI  (dB)
     Flg. 4  The  same  relation  as in Fig. 3 except

       that the canier  was  the asymmetric  rec-

       
tangular

 vyave.
values  are  much  the  same  as  those  in PSE(I)'s.

  As  for the effects  of  carriers, we  have concluded
that the difference in frequency spectrum  has little

influence on  the  results  as  far as  our  experiment  is

concerned.

      3. NOISINESSOFREPEATED
           I]veULSIVE  SOUNDS

  In this phase of  the round  robin  test, the experi-

ment  bn noisiness  was  also carried  out  to establish

a  method  of  evaluating  impulsive noises  from  a

rather  practical point of  view.  This experiment  was

executed  between late 1985 to early  1987.

3.1 ExperimentalProcedure

  The  experirnental  prooedure was  basically the
same  as that used  in the experiment  on  loudness.

The  instruction used  here was  .also the same  as  that
used  in loudness evaluation  except  that the word
"loud"

 was  replaced  by 
"noisy."

 The  instruction was

reconsidered  by co-worker$  of  Osaka Uniyersity.

  Since there  was  an  interval of  more  than several

months  after  the loudness experiment  was  concluded,

subiects  were  chosen  irrespective of  their experience

in the previous experiment.  The  number  of  subjects

was  109 (83 males  and  26 femalesi for the sinusoidal
carrier,  and  101 (79 males  and  22 females) fbr the

asymmetric  rectangular  carrier.  All were  young
adults  with  normal  hearing.
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3.2 ResultsonNoisiness

  Two  types of  statistics,  PSE(I) and  PSE(T), were

calculated  again.  Tables 7 and  8 show  the frequency
distributions of  individual PSE's as  well  as  their mean
values  (PSE(I)) and  the standard  deviations. Table

9 indicates PSE(T).  A  little difference is seen  between

PSE(D's and  PSE(T)'s in the tables.

  As  rnentioned  in the  previous section,  there were

some  data from which  PSE's could  not  be estimated.

The  actual  number  of  this type  of  data was  270 out

of  3,030 (8.91 %). Twe  hundred and  sixty  of  the  270
seemed  to show  that  PSE's were  far below the lowest

level ofcomparison  stimuli  prepared. The  remaining

10 data suggested,  on  the  contrary,  that  PSE's  were

far greater than  the highest comparison  stimulus.

These data have  some  effects  in estimating  PSE(T),
although  PSE(I) could  not  be obtained  clearly.  The

data of  eight  subjects  (three for sinusoidal  wave  and

Table 7 Frequency  distribution of  subjects  whose  PSE's  for noisiness  are  within  the  ranges.

   Carrier signal  is 1 kHz  sinusoidal  wave.  PSEa)  is an  arithmetic  mean  of  indiyidual PSE.

   UL  and  UG  are  the frequencies of  inestimable data because of  one-sided  judgment. The
   data for UL  may  have PSE's less than  50 phon,  while  the data for UG  may  have PSE's
   greater than 92 phon.

No.-50-52-5tF56-58-60-62-6466--68-70-72-747CF-78-80-82-8tF86-88-90-92-  ULUG  PSEa)  SD

1234567891011121314154143IO10oo1140Oloooo301120oooo61546912  98431
2 3 2 4 S11  5 710  10  10  8
O112431556111012

11OO134376711

O I O  O O 0 2 1 1 2 2 5
23134416  610  12  87
OO1112411  13 8812
OOO11222510  711
OOOOII022263
O O O O 0 2 0 0 0 1 0 2
2O33O56310  12 79
OOO121255911  8
O l l O O O O  1 2 0  3 6
O O O O O O I O O  0 2 2

oooooooooooo

o39134312138681271ooooooooo
 10000000
 8 5 0 0  1 0 0 1
17 14 7331OO
14  18 24 11 8 4 3 1
 3 0 0 0 0 0 0 0
10 4 1 O O O  O O
12 15 83OOO1
11n22  14 512O
 415  16 30 17 11 1 1
 7 s l o e o  o o
17 15 62OOOO
l2 22 20 20 4 1 O O
11 724  33  18 3 3 O

 4 2  316  36  29  14 2

331811352214124o22841oooooooooooooooo62,46S.671.07S.581.167.471.075,880.383.670.074.979.983.687.27.88.67.17.25.86.98.36.45.4･4.68.36.87.43.82.6

Table  8 The  same  table as  Table  7 except  that the carrier  signals  are  asymmetric  rectangular

   waves.

No.  -50-52-5tF56-58-60--62-6tF66-68-70-72-7476-78-80-82-84-86-88-90-92-  ULUG  MEAN  SD

1234s678910111213141523Oloooooo1602Oloooo10oooooooo1245O7711  832O
5 4 3 8 O 710  10 10 515  3
1OO2'9  O
OOO020
oooooo
2 2 4 3 4 1
O3O1312
1 0 1 1 3 0
oooooo
oooooo
1 2 1 5 2 3

O O I O I O
O O O I O O
oooooo

oooooo

211  5 913  10
1 0 2 3 5 9
1 0 0 0 3 4

8 4 8 8 9 6
1 O 8 10 11 9

12O4816
O 0 3 0 2 0
oooooo

5O15  311  4

24O10  712

O 1 2 0 1 2

O  O O I O O

oooooo

1341485874o757oo 1 0  1 0 0 0 0 0
 4 0  1 0 0  0 0 0
14 3 3 1 1 O O  1

20 11 811  5 2 O O

10 20 21 11 10 5 1 O

 2 3 1 0 0 0 0  0
 9 7  2 1 0 0 0 0
13 12 12 4 6 1 1 O
 824231849OO
 O 414  40  20 14 2  1
 8 6 2 3 0 0 0 0

131212831OO

13 22  24  13 5 3 1 O
 1 1 427  39  17 4  1
 O O 1 211  54 26 2

3875oo1991o11751oooo232oo11oooo1o64.066.672,379.081.967.171.577.182.38S.871.177.581.486.689.37.47.47.05.44.38.9Z87.64.12.28.36.24.52.61.5
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Table9  PSE(J) for noisiness  of  repeated

  impact sound.

Decay
 time

 (ms)

 Repetition
   rate

Crepetitionsls)

 1kHzslne
 wave

 (phon)

Asymmetric
rectangular
   wave

  fphoni

 30

 30

 30

 30
 301oolooloo1001oo3oo3oo3oo3oo3oo

single  burst

      1

      3

     10

     30
single  burst

      1

      3

     10

     30

single  burst
      1

      3

     10

     30

61.967.372.377.482.168.072.976.981.584.771.076.481.584.387.661.767.773.380.282.568.173.578.983.385.871.977.882.585.989.2

five for asymmetric  rectangular  wave)  were  of  the
type  for which  the  psychometric  function could  not

be fixed clearly  because of  the  randomness  of  the

responses.  Thus,  these data were  discarded from
noisiness  estimation.

3.3 DiscussiononNoisiness

  Table 10 shows  the results  of  the  analysis  of  vari-

ance  and  the multiple  classification  analysis  of  indi-

vidual  PSE's. All the main  sources  were  significant

beyond the O.Ol point,  as well.  Contributions were

O.036 for the  laboratories, O.oo6 for the  carriers,

O.109 for the decay times  and  O.436 for the repetition

rates.  The maximum  deviation among  categories

were  ± 3dB  for the laboratories, ± O.8 dB  fbr the
carriers, ± 4 dB  for the  decay times, ± 9 dB  for the

repetition  rates.  The  influences of  the  carriers  on

the  experimental  results,  though  statistically  signifi-

cant,  were  considered  to be small  enough  as  the

contribution  and  the  deviation of  the carriers  were

relatively small. On  the other  hand, the maximum
deviation among  the  !aboratories was  fairly large.

However,  as  shown  in the right  most  column  ofTa-

bles 3 and  4, the standard  deviation of  PSE  among

the subiects  was  larger than the deviation among

the  laboratories. Thus  we  attribute  the  marked  in-

erease  of  the deviation in PSE  of  noisiness  among

25S
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     60  70  80  90

          LpE of  TEST  STIMULI  (dB)
Fig.5  Relation between L,E of  the test

  stimuli  (abscissa) and  their PSE's of  the

  noisiness  (ordinate). L,E means  the level

  of  the squared  integral of  sound  pressure.

  In this figure, PSE's  is PSE(I)  that  was  an

  arithmetric  mean  of  individual PSE's.
  This figure show  the results of the experi-
  ments  in which  the carrier  of  stimuli  was

  a  1 kHz  sinusoidal  waye.  The  solid  1ine

  is a  regression  line. `r'

 is the correlation,

  coeficient.  
`S.E.'

 is the standard  error  of

  estlmatlon.

     60  70 BO  90

          LpE of  TEST  STIMULI  (dB)
Fig. 6 The  same  relation  as  in Fig. 5 exoept

  that the canier  was  the asymmetric  rec-

  tangular  wave.
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      Table 10 Result of analysis  of  variar)oe  and  multiple  classracation  analysis  for
        PSE(D.

(a) Result  of  analysis  of  variance.

nolsmess

Source of  variation Sum  of squares DF Mean  square F

Main  effects

 LABO
 CAR.RIER
 DECAY
 REPEAT
2-way interactions

 LABO  CARRIER
 LABO  DECAY
 LABO  REPEAT
 CARRIER  DECAY
 CARRIER  REPEAT
 DECAY  REPEAT
Explained

Residual
Total

151,342.493
13,285.825

 1,993.964

30,426.362
113,258.999

 7,808.645

  916.101
 1,091.919

 4,735.219
  156.710
  268.719
  771.031
159,l51.138
85,325.469

244,476.607

 15
  8

  1

  2
  4
 70

  8
 16

 32

  2

  4
  8
 852,6632,748

10,089.5oo
1,660.728

1,993.964

15,213.181
28,314.750
 111.552
 114.513
  68.245

 147.976

  78.355

  67.180
  96.379
1,872.366

  32.041
  88.965

314.89251.831**

62.231*k
474.802**
883.701**
 3.482
 3.574**
 2.130**
 4.618**

 2."5

 2.097

 3.008**
58.436

  *

 **

(b)

Signdicant beyond  O.05 point.
Significant beyond O.Ol point.

Result of  rnultiple  classMcation  analysis.

(irand mean=76.80

Variable+category N Deviation Contribution ratio

LABO

   1 MURORAN
   2 TOHOKU
   3 SENDAI
   4 ETL
   6 KYOTO
   7 OSAKA

   8 KYUSHU

   9 KUMAMOTO(E)

  10 KUMAMOTO(A)
CARRIER
   1 SINEWAVE
   2 REcr  WAVE
DECAY

   1 30

   2 1oo
   3 3oo
REPEAT

   1 SINGLE
   21
   33

   4 10

   5 30

 190
 2oo
 303
 589

 2oo

 251

 313
 473
 230

1,4221,327

 878
 921

 950

 451
 540
 568
 593
 597

 O.43

 2.13-O.56

 o.ca-O.72

 O.49
 3.oo-3.06

 O.73

-O.72

 O.77

-4.01-O.Ol

 3.72

-9.56-5.29-o.ca

 4.37

 8.08

O.036

O.oo6

O.109

O.436
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laboratorios

to the large

than to  the

among  the

Ace

 90Ehl-d8

 so!s9.

 7oszan60

over  the deviation in PSE  of  loudness

variance  of  PSE  among  subjects  rather

 difference of  experirnental  conditions

laboratories.

     60 70  80  90

          LpE of  TEST  STtMULi  (dB)
Fig. 7 The  same  relation  as  in Fig. 5 except

  that PSE's were  PSECI)'s. PSECr)  is a

  mean  of  the distribution from  accumulated

 judgments of  all the subject$,  assuming

  that the all the 2AFC  responses  of  the

  subiects  are  samples  from a  oertain  normal

  distribution.

Aag

 90EWad8

 soZ:.8.

 7o

£

txat60

       6o  7o  so  ga

             LpE of  TEST  STIMULt  (dB)
  Kg.  8 The  same  relation  as  in Fig. 7 exoept

    that the carrier  was  the asymmetric  rec-

    tangular  wave.

26D

               X  Acoust. Sbc. .ipn.  (E) 8, 6 (198D

  Figures 5 and  6 indicate the relations  between
L,E  and  PSE(I), while  Figs. 7 and  8 show  the rela-

tions between L,E and  PSE(T). The  correlation

coeMcients  between L,E  and  PSE(D  are  O.991 and

O.987 for the sinusoidal  and  the asymmetric  rec-

tangular carriers,  respectiyely,  and  those  between
L,E and  PSE([I) are  O.989 and  O.980, respectively.

From  these  values,  a  strong  correlation  was  fbund
between  L,E and  PSE  in this case  as  well.  The  regres-

sion  coeMcients  are  O.93 (1 kHz  sinusoidal  wave)

and  1.00 (asymmetric rectangular  wave)  for PSE(I),
while  those  for PSE(T)  are  1.04 and  1.11. These

values  are  significantly  greater than those fbr loud-

ness,  and  close  to 1.0, which  suggests  that  L,E is

more  suitable  fbr describing noisiness.

3.4 Comparison ofNoisiness  with  Loudness

  The  standard  deviations of  the' individual PSE's
for noisiness  (see Tables 7 and  8) is generally  greater
than  those for loudness (see Tables 3 and  4). Fur-

thermore,  the number  of  data from  which  we  could

not  estimate  PSE's came  to 9%  for noisinesS.  These
facts seem  to show  that the noisiness  judgment is
infiuenced by more  complex  factors than  in the case

of  loudness judgment. 
'

  Regarding  the coeMcients  fbr linear regressions

of  PSE  on  L,E, those coethcients  were  O.62AJO.63

for loudness, while  they  were  O.93tu 1.11 for noisi-

ness.  This fact seems  to indicate that the time con-

stant  for integration of  sensation  is longer  fbr noisi-

ness  than fbr loudness, i.e., the difference in regres-

sion  coeMcients  between  loudness and  noisiness  can

be explained  by the  difference in the length of  an

auditory  time  window.i9'22)

  In any  case,  L,E showed  a high correlation  with

PSE  obtained  by our  experiments,  and  thus  loudness

of  repeated  impulsive seunds  whose  duration is at

most  3 s might  be described by L,E with  some  modifi-

cation,  and  noisiness  can  be expressed  by L,E with

minor  modMcation.

             4. CONCLUSION

  The present papef has discussed the results  of  the

second  stage  of  experiments  of  a  round  rbbin  test on

the  evaluation  of  impact sounds.  Two  Psychological
attributes.  Ioudness and  noisiness,  were  dealt with

in this study.  The  PSE's  for both attributes  were  ob-

tained  by using  the same  experimental  prooedure.

  The  results  of  the study  are  summarized  as

follows:
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  1) Loudness

  a)  Correlation between  PSE  and  L,E is high.

  b) Regression coeMcients  of  PSE  on  L,E are

about  O.6 which  shows  that the  increase in loud-

ness  level is less than  that  in sound  energy  level.

  c)  From  the above  results  it is seen  that L,E

might  be used  with  some  modification  fbr describ-
ing loudness of  repeated  impact  sounds  that are

at  most  3s  Iong.

  2) Noisiness

  a) Correlation between  PSE  and  L,E  is high.
  b) Regression coeMcients  of  PSE  on  L,E are

close  to 1.0.

  c) From  the  above  results  it is seen  that･ L,E

could  be  suitable  for describing noisiness  of  re-

peated impact sounds  that are3sat  most.

  3) The  difference between results  of  carrier

signals  used  in this study  has little efTects  on  the

experimental  data.
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