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ANNOYANCE OF HELICOPTER 

IMPULSIVE NOISE 

F. d'Ambra and A. Damongeot 
S.N.I. Aerospatiale 

SUMMARY 

Psychoacoustic studies of helicopter impulsive noise have been conducted in 
ordkr to qualify additional annoyance due to this feature and to develop physical 
impuisiveness descriptors to develop impulsivity correction methods. 

The paper reviews the explored impulsiveness parameters and the subjective 
evaluation data. The currently proposed descriptors and methods of impulsive- 
ness correction are compared using a multilinear regression analysis technique. 
It is shown that the presently IS0 recommended descriptor and correction method 
provides the best correlation with the subjective evaluations of real helicopter 
impulsive noises. The equipment necessary for data processing in order to apply 
the correction method is discussed. 

INTRODUCTION 

During the last few years, environmental agencies of different countries 
have expressed a need to establish and enforce a certification rule for all 
types of flying vehicles and in particular for helicopters. 
problems to be solved in order to promote such a certification rule, the question 
of representative noise unit is of utmost importance. 

Among the different 

Indeed it should obviously: 

- Reflect the true annoyance felt by the public 

- Allow comparisons with the annoyance due to operations of other types 
of flying machihes 

- Reflect truly the efforts that the aircraft manufacturer and operator 
put in the design and operations of their vehicle to fly more quietly 

- Not affect the present units used for aircraft 

- Be as simple as possiHe for data processing 
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In view of this forthcoming c e r t i f i c a t i o n  scheme of h e l i c o p t e r  no ise ,  
several count r ies  have undertaken some work on t h e  p a r t i c u l a r  f ea tu re s  of 
he l i cop te r  no i se  i n  order  t o  assess representa t ive  no i se  u n i t s  based on 
cor rec t ions  t o  t h e  present ly  accepted aeronaut ica l  no ise  un i t s .  
a l ready take  i n t o  account t h e  e f f e c t  of p a r t i c u l a r  d i s t r i b u t i o n  of acous t t c  
energy i n  t h e  audio frequency range (Noy) and t h e  e f f e c t  of tone and durat ion 
of t h e  no i se  (EPNL). A new f e a t u r e  which has n o t  ye t  been taken i n t o  account 
i n  the  no i se  s igna tu re  of f l y i n g  machines is t h e  inipulsive type of pressure  
s i g n a l s  which the  majori ty  of he l i cop te r  shows i n  some f l i g h t  configurat ions.  
This impulsive f e a t u r e  is  a l s o  found i n  o the r  no i se  sources of day t o  day 
l i f e ,  l i k e  r e p e t i t i v e  hammer blows, pneumatic d r i l l s ,  and motorcycles. 

These u n i t s  

The work reported i n  t h i s  paper w a s  supported by the "Ministzre de l a  
Culture et  de l'environnement ," t h e  "Service technique Agronautique - Section 
Moteurs" and S.N.I. g r o s p a t i a l e .  

For t h e  motivations previously s t a t e d ,  t h e  work has been conducted i n  
such a way t o  promote poss ib le  cor rec t ion  methods t o  a l ready e x i s t i n g  aeronauti-  
cal, and t o  a lesser degree, c iv i l  engineering, no i se  uni t s .  A l a r g e  p a r t  
of t h e  sub jec t ive  da t a  which are analyzed o r i g i n a t e s  from psychoacoustic tests 
performed i n  France by a j o i n t  team of t h e  Hel icopter  and Aircraft Divis ion 
of Aerospatiale.  
f o r  psychoacoustic tests performed i n  o ther  count r ies  have been kindly made 
ava i l ab le  i n  t h e  f r h e w o r k  of IS0 and ICAO-WG.B working sessions.  
have a l s o  been incorporated t o  t h i s  study. 

Other sub jec t ive  da t a  and magnetic tape  recordings used 

These da t a  

The paper i s  divided i n t o  fou r  main sec t ions :  

( I )  Physical  impulsiveness parameters: Subject ive eva lua t ion  methods 
and r e s u l t s  

(11) Data I n t e r p r e t a t i o n  : Impulsiveness desc r ip to r s  and poss ib le  
methods of cor rec t ions  ~ 

(111) Mul t i l i nea r  Regression Analysis: Qual i ty  criteria of t he  proposed 
methods 

(IV) Instrumentat ion and d a t a  processing 

Some aspec ts  of t h i s  r epor t  have already been presented at t h e  t h i r d  
European Rotorcraf t  and Powered L i f t  A i rc ra f t  Forum by D r .  S. E. Wright and 
A. Damongeot ( r e f .  1). They per ta ined mainly t o  t h e  above mentioned sec t ions  
I and 11. 
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SYMBOLS 

I Impulsive no i se  s i g n a l  

Nonimpulsive no i se  s i g n a l  

Impulsive no i se  l eve l ;  PNdB, TPNdB, EPNdB u n i t s  

'n 

(1) 

(HI) Nonimpulsive noise  level; PNdB, TPNdB, EPNdB u n i t s  

CFMax,CFN Maximum Crest Factor  (peak) 
(r.m.s) 

Crest Factor  during a 0.5 sec t i m e  i n t e r v a l  

Mean 0.5 sec Crest Factor  during a t r a n s i e n t  s i g n a l  

Pressure and "A" weighted pressure t i m e  h i s t o r y  

CFO. 5 

CFO. 5 

,'A 

- 

- 
X,X 0.5 sec and mean value of t he  IS0 desc r ip to r  

A,B,C Coef f ic ien ts  of t he  regression l a w  i n  dB, 
dB per  u n i t  value of the impulsive desc r ip to r ,  
dB p e r  u n i t  value of t h e  r e p e t i t i o n  rate 

SA,SB,SC Standard devia t ion  of A,B,C 

r ,re Mult iple  co r re l a t ion  coe f f i c i en t s  

Se Overal l  s tandard deviat ion 

e 

AS Subject ive cor rec t ion  (dB) 

hC Computed cor rec t ion  (dB) 

f Pulse r e p e t i t i o n  rate (Hz) 

IMPULSIVENESS PARAMETERS AND SUBJECTIVE EVALUATION mTHODS 

It has been shown elsewhere ( r e f .  2) by ca re fu l  recordings of he l i cop te r  
no ise  s i g n a l s  performed e i t h e r  with microphones on t h e  ground and a i r c r a f t  i n  
hover o r  i n  f l i g h t  (descent 'or f lyover  a t  high speed) o r  w i th  microphones set 
i n  the  same reference frame as t h e  he l i cop te r  i n  motion t h a t  t h e  impulsiveness 
content of he l i cop te r  no i se  s i g n a l s  is mainly l inked t o  aerodynamic phenomena 
on t h e  main r o t o r  and t o  a lesser exten t  t o  t h e  t a i l  ro to r .  This impulsive 
charac te r  arises when the re  is e i t h e r  a s t rong  in t e rac t ion  between t h e  main 
r o t o r  blades and the  w a k e  v o r t i c e s  ( f l i g h t  of descent o r  hover) or  when a high 
aerodynamic speed relative tp t he  t i p  of t h e  advancing blade is  reached 
(compressibi l i ty  and/or thickness  e f f e c t )  . 
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Physical  Impulsiveness Parameters 

The main physical  parameters which descr ibe  t h e  pressure trace of sta- 
t ionary  no i se  s i g n a l  i n  these  circumstances are shown i n  f i g u r e  1. 

(a) The impulse shape may b e  d i f f e r e n t ,  as i l l u s t r a t e d  f o r  a l i g h t  o r  a 
heavy he l icopter .  

(b) The degree of impuls iv i ty  can vary widely from a pure random no i se  
t o  a weak, a medium, and a s t rong  impulsive noise .  

(c) The pulse  r e p e t i t i o n  rate - which is equal  t o  t h e  r o t o r  angular  
frequency t i m e s  t h e  number of blades - can a l s o  vary i n  a wide range depending 
on the  h e l i c o p t e r  weight ( r o t o r  diameter and t i p  speed) and t h e  number of b lades  
used (two t o  s i x  in  present  design).  

(d) F ina l ly  the  no i se  l e v e l s ,  expressed i n  the  present ly  agreed no i se  
u n i t s  of PNdB, can vary t o  a lesser exten t  a t  the d is tances  which are a c t u a l l y  
sought f o r  poss ib le  c e r t i f i c a t i o n  scheme. Figure 2, which reproduces no i se  
traces taken a t  d i f f e r e n t  t i m e s  during t h e  f lyover  of a heavy he l i cop te r ,  
shows t h a t ,  f o r  t r a n s i e n t  no i se  s igna l s ,  t he re  is i n  addi t ion  t o  t h e  previously 
s t a t e d  parameters an evolut ion of t h e  degree of impulsivi ty  of t he  no i se  s i g n a l ,  
t h e  t rend  being t h a t  t h i s  degree increases  before  the  maximum no i se  l e v e l  is 
obtained, then decreases sharply afterward. 

Subject ive Evaluation Methods 

The p r i n c i p l e  of a sub jec t ive  evaluat ion experiment is t o  submit t o  a 
c e r t a i n  j u r y  t h e  no i se  s i g n a l  t o  be qua l i f i ed  and a reference no i se  of known 
annoyance. 
from which t h e  u n i t  of PNdB (Perceived Noise decibel)  has been derived. There- 
f o r e ,  it can represent  a very good reference,  e spec ia l ly  i f  it is  taken a s  t h e  
broad band no i se  of a he l i cop te r .  

Broad band no i se  has been t h e  s i ibject  of many sub jec t ive  eva lua t ions  

Elaborat ion of Impulsive Noise Recordings 

I n  order  t o  be ab le  t o  change at  w i l l  t h e  d i f f e r e n t  parameters which 
w e r e  pointed out  i n  t h e  previous paragraph, i t  is necessary t o  e l abora t e  t h e  
impulsive no i se  s i g n a l  t o  qua l i fy  i n  such a way t h a t  one can separa te  these  
parameters, while  using as much as poss ib le  t h e  a c t u a l  h e l i c o p t e r  no ise  
traces. 
by e l e c t r i c a l l y  mixing h e l i c o p t e r  broad band no i se  signals wi th  real 
h e l i c o p t e r  impulse s i g n a l s ,  as shown i n  f i g u r e  3. This allows the  pulse  
amplitude and r e p e t i t i o n  rate t o  b e  var ied  a t  w i l l  so  t h a t  t h e  four  phys ica l  
parameters, shape, degree, r e p e t i t i o n  rate, and o v e r a l l  no i se  l e v e l s ,  could 
be t e s t e d  separa te ly .  

I n  the 'French psychoacoustic tests performed, t h i s  has been achieved 
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The same technique has  been appl ied t o  e labora te  t h e  t r a n s i e n t  impulsive 
ioise s i g n a l s  t o  be t e s t ed .  
:ime h i s t o r y  of t h e  pressure  s i g n a l  b u t  with a v s r i a t i o n  of t he  degree of 
.mpulsivity according t o  the  previously mentioned trend: 
iefore maximum PNL, sharp decrease t h e r e a f t e r .  

The same pulse  shape is maintained during t h e  

increas ing  degree 

Method of Comparisons by P a i r s  

I n  the  French s tudy,  t he  method used t o  sub jec t ive ly  eva lua te  impulsive 
ioise is t h e  method of comparison by p a i r s ,  i l l u s t r a t e d  i n  f i g u r e  4. 
!valuate given impulsive noise  I, f i v e  levels of nonimpulsive no i se  Rn are 
>layed twice. 
zach comparison, t h e  Jury  is asked- simply Which'  no i se  is the  most annoying?" 
Che percentage of the  Jury  who f i n d s  t h e  nonimpulsive no i se  more annoying is 
:hen p l o t t e d  aga ins t  t h e  d i f f e rence  i n  l e v e l  between t h e  nonimpulsive (NI) and 
:he impulsive no i se  (I) measured i n  present  sub jec t ive  no i se  un i t s :  APNdB and 
lTPNdB f o r  s t a t i o n a r y  s i g n a l s ,  AEPNdB f o r  t r a n s i e n t  s igna l s ,  Two " s e n s i t i v i t y  
x rves"  are obtained as shown i n  f i g u r e  5: one r e l a t i v e  t o  (NI) being played 
>efore  (I), the  o the r  r e l a t i v e  t o  (NI) being played a f t e r  (I). The mean curve 
Is chosen t o  be t h e  c h a r a c t e r i s t i c  response curve. The annoyance cor rec t ion  
1s i s  then considered t o  be such that 50% of the  Jury  f i n d  the ( I )  and (NI) 
Levels equal ly  annoying. 

To 

The ten  p a i r s  ( I ,%) and (Rn,I) are compared a t  random. For 

One can n o t i c e  from f i g u r e  5 t h a t  t he  impulsive noise  (I) is found more 
This t rend ,  mnoying when i t  is  played a f t e r  t he  nonimpulsive no i se  (NI). 

constantly 'not iced throughout t he  complete s tudy,  shows t h a t  t he re  is a memory 
s f f e c t  which tends t o  emphasize the last  event f e l t  by t h e  Jury  as compared 
to  the  previous event. 

This method of comparison by p a i r s  needs an anechoic chamber and a l a r g e  
But it does no t  r equ i r e  sub jec t s  acquainted t o  t h e  s p e c i f i c  problem t o  jury. 

b e  s tudied.  
not s p e c i f i c a l l y  motivated t o  exaggerate some s p e c i a l  f e a t u r e s  of a noise  s ig-  
n a l  which they would r e sen t  due t o  previous exposures as it could be  t h e  case 
f o r  i nhab i t an t s  l oca t ed  i n  the  immediate v i c i n i t y  of a h e l i p o r t .  

It q u a l i f i e s  i n  some way the  annoyance f e l t  by a genera l  pub l i c  

Details on t h e  number and s e l e c t i o n  procedure of t he  French Jury are 
spec i f i ed  i n  re ference  1 (about 60 persons r e t a ined  after audiometer t e s t s ) .  

Method of P a i r s  Adlustment 

It is  based on t h e  same p r i n c i p l e  of comparison between a reference 
no i se  and a no i se  t o  be  q u a l i f i e d ,  . bu t  t he  sub jec t  is allowed t o  change 
the  reference no i se  l e v e l  and play back and f o r t h  t h e  two no i ses  t o  be 
compared u n t i l  t he  equal  annoyance of t he  two noises  is reached. The i t e r a t i o n  
procedure followed by the  sub jec t  can be recorded and allows a b e t t e r  statisti- 
cal i n t e r p r e t a t i o n  of t h e  r e s u l t s  obtained. 
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The sub jec t ive  evaluat ion of t he  impulsive content of no i se  s igna l s  
has been evaluated by this  method of adjustment i n  several research centers :  
Westland Hel icopters  Ltd. ,  Nat ional  Physical  Laboratory (U.K.), and Bolt Beranek 
and Newman (U.S.A.). 
anechoic chamber and i t  can be  conducted wi th  a j u r y  of smaller s i ze .  
t he  course of t h e  experiments, t h e  subjec ts  acqui re  more experience i n  the 
p a r t i c u l a r  f ea tu re s  of t h e  no i se  s i g n a l s  t o  be  tes ted .  
cor rec t ions  found f o r  impulsive s i g n a l s  could b e  c lose r  t o  t h e  opinion of 
i nhab i t an t s  loca ted  i n  t h e  immediate v i c i n i t y  of an he l ipo r t .  

The app l i ca t ion  of t h e  method does no t  requi re  an 
During 

I n  some way, t h e  

Subject ive Evaluation Resul ts  

Tables I and I1 provide t h e  subjec t ive  r e s u l t s  obtained i n  t h e  French 
study. 
d i f f e r e n t  impulse parameters previously discussed. 
columns, which spec i fy  t h e  degree of impulsivi ty ,  w i l l  be  Yiscussed and 
i d e n t i f i e d  i n  t h e  s e c t i o n  e n t i t l e d  "Impulsiveness Descr iptors  and Poss ib le  
Methods f o r  Corrections.  

The impulse shape used i s  i d e n t i f i e d ,  toge ther  wi th  t h e  - value of t he  
The CF , CF0.5, and 2 

11 

Table 111 provides t h e  sub jec t ive  r e s u l t s  of real he l i cop te r  t r a n s i e n t  
n o i s e  which have been k indly  provided by Bolt  Beranek and Newman Inc. ,  
together  with a dupl ica te  of t h e  recordings of t h e  t e s t e d A o i s e  s igna ls .  
Parameters pe r t a in ing  t o  t h e  degree of impulsivi ty  (CFN, CF0.5 ,;) have been 
computed from t h i s  tape. 

Both types of experimental  r e s u l t s  show t h a t  cor rec t ions  of 0 t o  7 dB 
have t o  be added t o  conventional u n i t s  of PNdB o r  EPNdB t o  reflect the  
annoyance e f f e c t  of impulsive noises.  A s  shown i n  reference 1, the  j u r y  re- 
sponses are s t a t i s t i c a l l y  meaningful, giving a 90% confidence l e v e l  of 21.3 dB. 

IMPULSIVENESS DESCRIPTORS AND POSSIBLE METHODS FOR CORRECTIONS 

An "impulsive descr iptor ' '  is a mathematical expression which is as 
simple as poss ib le  f o r  ease of d a t a  processing and which could, as much as 
poss ib le ,  provide a good co r re l a t ion  between t h e  value of t h e  desc r ip to r  and 
t h e  sub jec t ive  cor rec t ion  AS. 

Sta t ionary  Noise Signals  : Impulsiveness Descr iptors  

For s t a t i o n a r y  sub jec t ive  da t a ,  examination of t h e  j u r y  cor rec t ions  AS 
as a func t ion  of no i se  levels (90 and 100 PNdB) shows p r a c t i c a l l y  no inf luence  
of t h i s  parameter w i th in  t h i s  s h o r t  range of va r i a t ion .  
parameters , namely shape , degree, and pu l se  r e p e t i t i o n  rate, have been 
combined i n t o  one s i n g l e  desc r ip to r  through use of :  

The three  o the r  
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- An "A" f i l t e r e d  s i g n a l  which tends t o  decrease t h e  e f f e c t  of t h e  low 
frequency content of t h e  impulse - 

P4/(?$ where PA i s  t h e  A f i l t e r e d  
A 

- An impulsivi ty  c o e f f i c i e n t  

sound pressure t i m e  h i s t o r y  

A s  shown i n  re ference .1 ,  f o r  a pure per iodic  pulse  t r a i n  of pulse  width a 

and period T ,  t h e  unweighted coe f f i c i en t  p/( 3)' turns '  out  t o  be equal 
rn 

t o  be equal t o  k 

where k depends on t h e  pulse  shape ( rec tangle ,  k = 1; t r i a n g l e ,  k = 1.8). 
increases ,  i.e., i f  t he  pulse  r e p e t i t i o n  rate decreases,  o r  i f  a decreases  ( i . eo5  
i f  the  "spikyness" increases)  , then t h i s  impulsivi ty  coe f f i c i en t  increases .  

I f  T 

Thus shape, degree, and pulse  r e p e t i t i o n  rate are indeed taken i n t o  
- 

account i n  t h i s  P4 A / (%)2 desc r ip to r .  

I n  the  framework of t he  In t e rna t iona l  Standard Organization (ISO) Working 
Group 2 ,  t h i s  t o p i c  of impulsiveness desc r ip to r  has been brought f o r t h  and 
several impulsiveness desc r ip to r s  have been submitted f o r  examination. 
t he  d i f f e r e n t  proposals (Westland Hel icopters  Ltd., South Afr ica  Nat ional  
Research I n s t i t u t e ,  France SNI Aerospat ia le ,  U.K. National Physical  Laboratory) 
submitted before  t h e i r  last meeting da te  (Dec. 5, 1977), t h e  NPL proposal* has  
been re ta ined  and recommended f o r  appl ica t ion  t o  ICAO - Working Group B. 

The NPL desc r ip to r  is  based on the  var iance of t he  square of t he  "A" 
weighted sound pressure s i g n a l  divided by the  square value of t he  d.s. 
weighted sound pressure s igna l :  

Among 

"A" 

3 

It can be  shown t h a t  t h e  I desc r ip to r  is i d e n t i c a l  t o  the  French desc r ip to r  
minus one. So t h i s  desc r ip to r  does take  a l s o  i n t o  account t h e  shape, degree, 
and pulse  r e p e t i t i o n  rate parameters of impulsive noise.  

peak 
r . m . s  proposed w e r e  mainly based on t h e  Cres t ,Fac to r  concept ( 

Zigure 6 ,  where comparisons are made on t h e  same noise  s i g n a l s  between x = 10 

Log I and CF = 20 Log (e), t h e  latter desc r ip to r  presents  a l ack  of 
s e n s i t i v i t y .  

The o the r  desc r ip to r s  

). A s  shown i n  

r.m. s 

*With a "short  i n t eg ra t ion  time" 5 - 200 ps. 
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Sta t ionary  Noise Signals:  Correction Methods 

Once an impulsiveness desc r ip to r  has been chosen, a cor rec t ion  method 
can be e a s i l y  b u i l t  using a b e s t  f i t  technique between the  subjective- 
cor rec t ions  AS and t h e  computed cor rec t ions  AC. 
t h e  recommended cor rec t ion  law is 

I n  t h e  IS0 N 356 proposal,  

0.8 (X - 3) (dB) 

where x = 10 Log I 

This cor rec t ion  is l imi ted  t o  the  range of 

0. K A C  45.5 dB 

and held constant  at 5.5 dB f o r  l a r g e r  values  of x. It is  t o  be noted t h a t  
f o r  x = 3 and I z 2 ,  t h e  no i se  s i g n a l  i s  purely broad band. 

This cor rec t ion  method appl ied t o  t h e  French sub jec t ive  d a t a  provides 
a s tandard devia t ion  of - +l. 3 dB. 

Transient  Noise Signals :  Impulsiveness Descr iptors  and Correction Methods 

I n  t h e  IS0 N 356 recommended procedure, the  impulsiveness desc r ip to r  
remains the  same as i n  the  s t a t iona ry  case. The I Descriptor  is  computed at 
each 0.5 sec t i m e  i n t e r v a l ,  t h e  cor rec t ion  AC is added t o  the  LTpN giving 

t i m e  h i s t o r y  from which the  correcte!'gPNL is computed. This pro- a LITPBT cedure is  s y n t h e t i c a l l y  presented i n  f i g u r e  7. 

A t  t h e  l as t  IS0 Working Group 2 meeting, another procedure has been pro- 
posed t o  I S 0  members ( re f .  3 ) .  A s  presented syn the t i ca l ly  i n  f igu re  8 ,  t h e  
impulsiveness descr ip tor  is  based on a "A" weighted Crest Factor CF, and the  
impulse r e p e t i t i o n  rate ( f )  is taken as a complementary descr ip tor .  

Two poss ib le  impulsiveness cor rec t ion  methods w e r e  presented which are 
b r i e f l y  sketched i n  f i g u r e  9. 

I n  t h e  f i r s t  one, t he  "A" weighted Crest Factor i s  computed every 0.5 sec  
of t h e  t r a n s i e n t  s i g n a l  and a cor rec t ion  l a w  is appl ied t o  LTpNy giving a L 
t i m e  h i s t o r y  from which the  corrected EPNL is  computed. ITPN 

An a l t e r n a t e  method presented w a s  t o  compute an o v e r a l l  cor rec t ion  A, 
* t o  t h e  EPNL which is based on t h e  "A" weighted maximum Crest Factor CF 

measured during t h e  t r ans i en t  no i se  s igna l .  M a X  

The cor rec t ion  l a w s  proposed i n  t h e  two cases are l i n e a r  as funct ion of 
Crest Factor and pulse  r e p e t i t i o n  frequency ( f ) :  

AdB = A + B - (CF) + C*f 

"[Max (peak)]/[Max (r.m.s)] , each f a c t o r  measured independently. 
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and the  A, B, and C c o e f f i c i e n t s  are obtained i n  each case by a mul t i l i nea r  
regression ana lys i s  using the  sub jec t ive  cor rec t ions  AS of t a b l e  111 (nine 
experiments) as input  data .  

Procedures Discuss ion 

The use  of a m u l t i l i n e a r  regression technique t o  obta in  a b e s t  f i t  
correct ion method is  indeed a very good approach, provided t h a t  a l a rge  number 
of experiments i s  taken i n t o  account i n  t h e  computation process of t h e  
coe f f i c i en t s  of the regression law.  Otherwise, t h e  cor rec t ion  l a w  obtained 
may very w e l l  f i t  t he  experimental da t a  which are used as input ,  while pu t t ing ,  
on some parameter, a weight through the  regression l a w  coe f f i c i en t  which 
does not  r e f l e c t  i t s  t r u e  importance. 
manufacturers are t ry ing  t o  increase t h e  number of blades of t h e i r  r o t o r s  
(ex. ,  Hughes A i r c r a f t  Company, Quiet Hel icopter  Program) i n  order  t o  decrease 
the  noise ,  i t  is very important t o  know i f  t h e  pulse  r e p e t i t i o n  rate ( f )  has  t o  
b e  an independent parameter, and i f  it i s  the  case, what values  should be 
chosen f o r  i t s  regress ion  c o e f f i c i e n t  C and i t s  accuracy. 

More p rec i se ly ,  a t  a t i m e  when 

I n  order t o  answer these  quest ions,  a mul t i l i nea r  regression ana lys i s  
has been performed on t h e  complete set of ava i l ab le  da t a  presented i n  t ab le s  
I ,  11, and 111, using as poss ib le  descr ip tors  t h e  two previous Crest Factors  
CF 
r a ? ~ ~ f .  

and CFMax, t h e  IS0 desc r ip to r  x together  wi th  t h e  pulse  r e p e t i t i o n  

MULTILINEAR REGRESSION ANALYSIS 

The method used i n  t h i s  ana lys i s  is b r i e f l y  sketched i n  f i g u r e  10. The 
method is  i d e n t i c a l  t o  t h e  mul t i l i nea r  regression ana lys i s  used i n  appendix A 
of reference 3.  Regression coe f f i c i en t s  A ,  B,  and C are computed using on one 
hand the  sub jec t ive  cor rec t ions  AS as s t a t e d  by t h e  j u r i e s  and impulsiveness 
parameters ( I .D .  = x,  

That is t o  say, the cor rec t ion  l a w  assumed is 

CF ) and pulse  r e p e t i t i o n  rate f on t h e  o ther  hand. CF0.5' M 

and A, B, and C are computed t o  minimize 

I n  addi t ion  t o  t h e  o v e r a l l  s tandard deviat ion Se which r e s u l t s  from t h e  
b e s t  f i t  technique, and of the  mul t ip le  co r re l a t ion  coe f f i c i en t  r, the  present  
study def ines  a l s o  t h e  standard deviat ion SA, SB, and SC f o r  t h e  coe f f i c i en t s  A,  
B, and C. 
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These s tandard deviat ions on the  regression c o e f f i c i e n t s  def ine  the  
accuracy provided on these  coe f f i c i en t s  A, B ,  and C by t h e  method of analysis .  
They show, i n  a simple manner, t h e  confidence level t h a t  one can grant  t o  
each parameter (I.D., f )  taken i n t o  account, For example, i t  is poss ib le  t h a t  
t h e  mul t ip le  co r re l a t ion  c o e f f i c i e n t  r be s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  a 
given:confidence level, and t h a t ,  a t  the  same time, one obta ins  a s tandard 
devia t ion  on one of the  c o e f f i c i e n t s  as l a r g e  as the  value of t h i s  
coe f f i c i en t  i t s e l f ,  Obviously, i n  t h i s  case t h e  parameter r e l a t e d  t o  t h i s  
coe f f i c i en t  has  no real s igni f icance .  
summarized i n  f i g u r e  10. 

These q u a l i t y  criteria have been 

Application of t h e  Regression Analysis 

- For t h e  CF and CF desc r ip to r s ,  t h e  procedure underlined i n  Max 0.5 
re ference  3 has been followed. 

For t h i s  purpose, CFOe5 is  com- define a mean value of t h e  desc r ip to r  CF 

puted a t  each 0.5 sec t i m e  i n t ekva l  from t h e  "A" weighted noise  signal, and a 
"first" cor rec t ion  ACF i s  computed 

It i s  f i r s t  necessary f o r  a t r a n s i e n t  s i g n a l  t o  

0.5' 

0,5 

ACF0.5 = CF0.5 - 1 2  (ACFOe5 > 0) 

- A correc ted  PNLT is  then computed 

= PNLT + ACFOe5 corr .  PNLT 

which is used i n  t h e  in t eg ra t ion  process t o  compute the  EPNL corr .  

A mean 0.5 sec Crest Factor  f o r  the  complete s i g n a l  is  obtained by the  
following expression: 

- 
C F ~ .  5 = (Epmcorr, - EPNL) + 12 

- A mean value of t h e  IS0 impulsiveness desc r ip to r  x has a l s o  t o  be - 
This mean desc r ip to r  x 

0.5 

computed i n  order  t o  conduct t h e  regression ana lys i s .  
i s  computed following the  same procedure as i n  t h e  case of t h e  CF 
descr ip tor .  

The, EPNL co r rec t ion  i s  f i r s t  computed following t h e  IS0 N 356 recommended 
method. Then is  deduced from t h i s  cor rec t ion  s e t t i n g .  

- EPNL = 0.8 (2 - 3) corr .  EPNL 
- - The values  of CFNax, CFOa5, and 2 are indica ted  f o r  each recording used 

i n  the  sub jec t ive  evaluat ion methods i n  t a b l e s  I, 11, and 111. It is t o  be  
noted t h a t  throughout t h i s  regression ana lys i s  a good consistency has been 
maintained i n  t h e  hypothesis i n  order  t o  g e t  comparable r e s u l t s :  
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- The cor rec t ionsqa t  each 0.5 sec are applied from x = 3 (AC = 0) 
and CFOe5 = 12 which represent  t h e  values  of a pure broad band no i se  s igna l .  

- The maximum correc t ion  a t  each 0.5 sec is 5.5 dB i n  each case. 

- The regress ion  ana lys i s  is  conducted f o r  t h e  three  desc r ip to r s  i n  two 
cases : 

(a )  Taking i n t o  account t he  pulse  r e p e t i t i o n  rate ( f )  as an 
independent parameter 

(b) Discarding t h e  pulse  r e p e t i t i o n  rate f i n  t h e  regression law.  

Regression Analysis Results 

Table I V  summarizes t h e  r e s u l t s  obtained i n  t h i s  regression analysis .  
The following remarks can be drawn from t h i s  tab le .  

(a) The o v e r a l l  s tandard devia t ion  is  minimum (1.4 dB) when t h e  IS0 
recommended method is  used. 

(b) The mul t ip le  co r re l a t ion  coe f f i c i en t  r is  much higher  (>0.75j 
when t h e  IS0  recommended method i s  use& while it is  bare ly  s i g n i f i c a n t  at 
1% confidence l e v e l  with t h e  CF o r  CFO, descr ip tor .  

coe f f i c i en t  C with a very high (44 t o  75%) r e l a t i v e  standard devia t ion  
(SC/C) - improves very much t h e  s tandard deviat ion SA which inf luences 
d i r e c t l y  (dB) t h e  l e v e l  of t h e  cor rec t ion  AC. 

M a x  

(c) Discarding the  pulse  r e p e t i t i o n  rate - which has  a l o w  regression 

Table V provides a d i r e c t  eomparison of the q u a l i t y  cri teria of t he  
regression ana lys i s  i n  the  s i x  cases t r ea t ed .  
t h a t  : 

From t h i s  t ab le  one can conclude 

- The pulse  r e p e t i t i o n  rate should be  discarded as an independent 
parameter 

- The I S 0  recommended procedure provides on a statist ical  b a s i s  t h e  
b e s t  ava i l ab le  method a t  t h e  present  t i m e  

These conclusions are more c l e a r l y  i l l u s t r a t e d  i n  t a b l e  VI which 
represents  t h e  computed r e s u l t s  obtained from appl ica t ion  of t h e  regression 
l a w s  without r e p e t i t i o n  rate dependency on the  psychoacoustic tests conducted 
on the  real he l i cop te r  no i se  s igna l s  of reference 3. 
correc t ions  AC with the  Jury  subjec t ive  evaluat ions lead  t o  t he  following 
remarks : 

Comparing computed 

- CF and Eo.5 give  high pena l t i e s  ( 2 . 3  and 1.8 dB) f o r  t h e  reference M 
no i se  supposedly nonimpulsive 
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- Overal l  s tandard devia t ion  between t h e  computeLand t h e  sub jec t ive  
r e s u l t s  i s  1,l dB f o r  t h e  IS0 method, 1 , 5  dB f o r  t he  CB 
f o r  t h e  CF method of cor rec t ion  

method, and 1 . 7  dB 
0.5 

M 

INSTRUMENTATION AND DATA PROCESSING 

Procedure 

I n  the  I S 0  N 356 recommended method, t h e  impulsiveness desc r ip to r  I. is  
defined as follows: 

1. The acous t ic  s i g n a l  is weighted through a f i l t e r  "A," then sampled 
a t  a frequency of 5000 Hz. 

2. 
i n  two s teps :  

The d i g i t a l  values  "v 'I thus obtained are processed, every 0.5 sec, i 

- The mean square "s" of vi at each 0.5 sec (i.e., t he  square of t he  
s igna l  r . m . s  va lue ) ,  is f i r s t  computed. 

n = 2500 2 n 

i= 1 
s = L  c vi n 

- The impulsivi ty  desc r ip to r  I is then 
9 yS- s j  -LL n (v: - sl 2 

- 1 
n n 2  (1) I = - c 

s i=l i= 1 

It has been proved mathematically i n  reference 4 t h a t  t h i s  procedure leads  
t o  the  value of t he  previously proposed French descr ip tor  minus one, t h e  la t ter  
desc r ip to r  being defined  as : 

So i n  p r inc ip l e ,  e i t h e r  expressions 1 o r  2 can be used f o r  t h e  impulsivi ty  
desc r ip to r  computation process. 

Instrumentation and Cost 

The procedure previously underlined implies  t he  use of :  
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- t h e  "A" weighting and a n t i a l i a s i n g  (0 t o  2000 Hz) f i l t e r s  

- an ana log /d ig i t a l  converter  (+lo v o l t s ;  11 b i t s  + s ign)  assoc ia ted  
with a 5000-Hz timer con t ro l l i ng  t h e s i g n a l  sampling 

These instruments are q u i t e  inexpensive ( ~ $ 4 0 0 ) .  

The t i m e r  I s  synchronized with the 1 / 3  octave analyzer used t o  compute 
each 0.5 sec t h e  24 l e v e l s  of t h e  1/3 octave spectrum needed f o r  PNL 
computation. 

Two cases have then tc )  be  considered (see f i g .  11) : 

Case 1: The laboratory in  which the  da t a  processing is t o  be  performed 
uses a 1/3 octave analyzer  coupled t o  a 5000 Hz real t i m e  computer f o r  the  I 
t a sk  i n  normal operat ions of PNL and EPNL computations. 
computer has enough s to rage  capaci ty  t o  s t o r e  5000 sampled values  (two t i m e  
i n t e r v a l s  of 0.5 see, ATi-l, and AT. wi th  2500 values  v .  a t  each t i m e  i n t e r v a l )  
and enough performance t o  compute tfie I value (5000 m u l h p l i c a t i o n s ,  2500 
subt rac t ions ,  and few d iv i s ions )  of t h e  AT t i m e  i n t e r v a l  during t h e  t i m e  
allowed (0.5 see)  f o r  t h e  "vi1' acqu i s i t i on  o the  next  AT. t i m e  i n t e r v a l .  

The 1 / 3  octave analyzer  is coupled t o  a lower performance 
computer not allowing real t i m e  computation of t h e  I t a s k  a t  the  frequency 
of 5000 Be. I n  t h i s  case a complementary "mini computer" i s  necessary t o  
s t o r e  the  5000 sampled values  and compute a t  each 0.5 sec  t h e  I value of 
t h e  previous 0.5 sec t i m e  i n t e r v a l .  This type of mini computer i s  a t  t he  
present  t i m e  ava i l ab le  commercially a t  a low p r i c e  compared t o  t h e  o ther  
equipment necessary f o r  pure EPNL computations. F m  example, i n  France, t h e  
AMs1 type ALPHA LSI 4/90 which has t h e  f l o a t i n g  poin t  computation c a p a b i l i t y  
(2 K - W, 8 K ROM - PROM) is so ld  i n  France a t  approximately $5000 which is 
t o  be compared with the  $20 t o  30 000 needed f o r  a 1 / 3  octave analyzer .  

I n  t h i s  case, t h e  

i-4 
1 

Case 2: 

GENERAL CONCLUSIONS 

This study has e s s e n t i a l l y  shown t h a t :  

(1) Impulsive noise  needs t o  be cor rec ted  i n  order  t o  represent  t h e  
annoyance r e a l l y  f e l t  by the  publ ic .  

(2) Correct ions up t o  7 PNdB o r  EPNdB have been found by representa t ive  
J u r i e s  i n  s e v e r a l  count r ies ,  wi th  a s tandard  devia t ion  of 21.3 dB. 

(3) Among t h e  proposed impulsiveness desc r ip to r s  and cor rec t ion  methods, 
t he  recommended IS0 N 356 procedure provides the  b e s t  co r re l a t ion  between 
subjec t ive  and computed cor rec t ions .  

(4) There is no s p e c i a l  need t o  add t o  the  proposed I S 0  N 356 procedure 
an add i t iona l  cor rec t jon  term based on pulse  r e p e t i t i o n  rate, 
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( 5 )  The standard deviation obtained between computed and subjective 
annoyance of real helicopter noises is +1.1 dB which is comparable to the 
standard deviation of the jury subjective responses 

( 6 )  The instrumentation and computing hardware necessary for data 
processing are available on the market at a small price compared to the cost 
of the equipment needed for EPNL data processing. 
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[ PULSE SHAPE I [ DEGREE OF IMPULSIVITY 1 
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Figure 1.- Impulsiveness parameters. 

SPEED 60 kts- HEAVY HELICOPTER 

x s 7 7 0 8  

10 SEC AFTER P N L M  
3CS 3 T 0 4  
WEAK lNPULSlVlTY 

Figure 2.- Evolution of impulsiveness degree during helicopter flyover. 
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+ 

Figure 3. -  Generation of he l i cop te r  no i se  s igna l .  

I : IMPULSIVE NOISE TO EVALUATE 
1 FIXED CONDITIONS : NOISE LEVEL, DEGREE OF IMPULSIVITY(x.PULS€ 

SHAPO, PULSE REPETlTlON FIArE 
R : NONlMPUtSIV€ COMPARISON NOISE AT SDIFF€RENT NOISE LEVELS 

RI TO R5 EACH PAIR( I,  Rn) EVALUATED 7WICE OROER (1,Rn)cmd (Rn,I) 
Figure 4 . -  Subjec t ive  evaluat ion method comparison by p a i r s .  
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Figure 5.- Jury  response curve. 

Figure 6.- Impulsiveness desc r ip to r s  comparison. 
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I S 0  N 356 RECOMMENDED METHOD 

COMPUTE I DESCRIPTOR AT EACH 0.5 SEC. 

a APPLY AT EACH 0.5 SEC. A CORRECTION AC 
TO THE LTPN. 

WHERE x =  IO Log I 
PUTE THE EPLN FROM THE CORRECTEC 

LITPN TIME HISTORY 
Figure 7.- Impulsiveness co r rec t ion  methods. 

0 ISOREC MENDED DESCRIPTOR 
I -+BASED ON THE VARIANCE OF 

TH E SOU AR E 0 F TH E "A 'WE I G HTE D 
E HISTORY. 

CRIPTOR MENTIONED TO IS0 
- CF-BASED ON THE CREST FACTOR OF 

.THE "A "WEIGHT PRESSURE 
TIME HISTORY. 

- IMPULSE REPETITION RATE (f) MENTIONED 
IBLE CO P LE M E NTARY D ESC R I PTO R 

Figure 8.- Impulsiveness desc r ip to r .  
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I 
O COMPUTE CFo.5 DESCRIPTOR AT EACH 0.5 SEC. 
0 APPLY AT EACH 0.5 SEC. A CORRECTION A TO THE LTPN 

A d B  = A + B  ~ ~ 0 . 5  + cf O-A =5.5 

A, B, C OBTAINED FROM REGRESSION ANALYSIS OF 
PSYCHOACOUSTIC DATA. 

0 COMPUTE THE EPNL FROM THE CORRECTED L~TPN TIME HISTORY 

ALTERNATE METHOD 
TlON A 0 APPLIED TO EPNL BASED ON CF MAX 

WHERE A, 9, C ARE COMPUTED FROM PSYCHOACOUSTIC DATA 
BY REGRESSION ANALYSIS TECHNIQUES 

Figure 9.- Impblsiveness correction methods. 

INPUT - 
0 SET OF PSYCHOACOUSTIC DATA 

JUDGED'RESPONSE : ( A s) 
IMPULSE DESCRIPTOR (I.D.) 
IMPULSE REPETITION RATE (f) 

0 LINEAR CORRECTION LAW ASSUMED : 

A C = A +  B ( I D )  + C  (f) 
COMPUTE 

A, B, C. REGRESSION LAW COEFFICIENTS 
TOMINIMIZE I A C -  A S 1  

QUALITY CRITERIA 
0 MULTIPLE CORRELATION COEFFICIENT r > re FOR 

SIGNIFICANCE AT l0/o LEVEL 
0 OVERALL STANDARD DEVIATION Se : MINIMUM 

STANDARD DEVIATION ON COEFFICIENTS A, B, C : SMALL 

Figure 10.- Multilinear regression analysis. 
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TYPE ALPHA 

"A" WEIGHTING 11 BITS + SIGN I 
ANTI-ALI AS1 NO 
( 0 -  2 OW HZ ) 

Figure 11.- PNL, EPNL computer system with impulsivity corrections. 
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TABLE 1.- PSYCHOACOUSTIC TEST DATA - STATIONARY NOISE SIGNALS* 

TEST 
No 

201 
202 
206 
210 
21 1 
212 
213 
214 
21 5 
216 
21 7 

218 
220 
221 

- 

- 

TYPE OF HELICOPTER 

HEAVY - N.I. (REF.) 
LIGHT - N.I. (REF.) 
HEAVY - 100 PNdB 
LIGHT - 100 PNdB 
LIGHT - 100 PNdB 
LIGHT - 100 PNdB 
LIGHT - 90 PNdB 
HEAVY - 90 PNdB 
LIGHT - 90 PNdB 
LIGHT - 90 PNdB 
LIGHT - 90 PNdB 

MOTORCYCLE - N.I. (REF.) 
- -- - -- - - - ------ 

MOTORCYCLE 1 
MOTORCYCLE 2 

f REQ. 
HZ 

17.5 
17.5 
10 
10 
10 
10 
10 
10 
17.5 
25 
35 

30 
58 
24 

---- 

CFM - 
12.9 
15.2 
14.7 
14.9 
19.4 
20.3 
15.4 
14.1 
16.1 
14.7 
16.7 

13.9 
14.6 
19.4 

----. 

12.4 
12.9 
14.8 
13.8 
20.3 
22. 
14.7 
12.4 
14.9 
15.9 
14.8 

13.7 
13.2 
16.6 

----. 

- 
X 

3.3 
3.6 
9.5 
4.0 
9.6 
9.6 
5.6 
3.6 
8.8 
9 .o 
8.4 

4.0 
7.9 
9.8 

---- 

AS 
PNdB 

0 
0 
5.6 
0.9 
4.2 
5.4 
2.8 
0.1 
4.4 
6.4 
5.8 

0 
7 .O 
3.2 

.----. 

* FRENCH STUDIES, COMPARISON BY PAIRS 

TABLE 11.- PSYCHOACOUSTIC TEST DATA - TRANSIENT NOISE SIGN&S* 

TEST 
No 

101 
102 
103 
104 
105 
106 
107 
108 
109 

- 

- 

TYPE OF HELICOPTER 
FREQ. I HZ 

FLYOVER - 70 Kt - N.I. (REF.) 
H. LIGHT - 70 Kt - 95 EPNdB 
HEAVY - 70 Kt - 95 EPNdB 
FLYOVER - 148 Kt. N.I. (REF.) 
H. HEAVY - 148 Kt - 95 EPNdB 
H. HEAVY - 70 Kt - 95 EPNdB 
H. HEAVY - 70 Kt - 95 EPNdB 
H. HEAVY - 70 Kt - 95 EPNdB 
H. HEAVY - 70 Kt - 100 EPNdB 

17.5 
10 
17.5 
17.5 
17.5 
17.5 
17.5 
17.5 
17.5 

CFM 

12.5 
15.8 
14.3 
13.8 
15.8 
13.7 
14.8 
15.7 
15.9 

- 
cF0.5 

12.3 
15.2 
14.5 
13.5 
17.8 
13.1 
15.6 
15.7 
15.8 

- 
X 

3.5 
6.1 
4.1 
4.1 
9 .o 
3.8 
7 .O 
6.2 
6.5 

AS 
EPNdB 

0 
4.2 
2.1 
0 
1 
4 
2.3 
2.5 
2.1 

FRENCH STUDIES, COMPARISON BY PAIRS 
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TABLE 111.- PSYCHOACOUSTIC TEST DATA - TRANSIENT NOISE SIGNALS* 

B.B.N. 
N" 

214 
21 5 
216 
217 
21 8 
21 9 
220 
221 
222 
P 

TYPE OF HELICOPTER 

S.61 (REF.) - 115 Kt - LEVEL 
S.64 - 60 Kt - LEVEL 
CH47.C. - 150 Kt - LEVEL 
CH47.C. - 60 Kt - LEVEL 
B.212 - 105 Kt - LEVEL 
8.212 - 61 Kt - LEVEL 
47.G. - 6" APPR. 
S.61 - 6" APPR. 
8.206 L - 6" APPR. 

FREQ. 
HZ 

17 
18.6 
12.5 
12.5 

11 
11 
12 
17 
13 

CFM 

14.3 
14.4 
17.6 
17.3 
14.3 
19.4 
17.7 
15.6 
21.4 

- 
FO .5 

12.7 
14.1 
15.8 
16.9 
15.0 
15.8 
16.1 
14.6 
15.8 

- 
X 

3.5 
4.6 
8.3 
8.3 
6.8 
7 .O 
7.1 
6.4 
7 .O 

AS 
EPNdB 

0 
2.7 
7 .O 
5.5 
3.2 
3.1 
3.5 
3.8 
3.6 

* B.B.N. STUDIES, METHOD OF ADJUSTMENT 

DATA COMPUTED FROM B.B.N. MAGNETIC TAPE COPY. 

TABLE 1V.- REGRESSION ANALYSIS RESULTS - 32 PSYCHOACOUSTIC TEST DATA 

I.D. 
A f SA 'B f SB 

IMPULSE DESCRIPTOR 

-- IV I  I (b) I -4.01 0.36 I 0.44 0.16 

- 
cF0.5 

(a) - 7.14 2.71 0.57 0.16 

(b) -4.12 0.35 0.47 0.17 

* CH47C PULSE RATE (f) AT 12.5 HZ 

A S  = A + B (I.D.) + C.f 

r > 0.46 SIGNIFICANT AT 1 % LEVEL 

(a) PULSE REPETITION RATE TERM INCLUDED 

(b) PULSE REPETITION RATE TERM DROPPED 

c f sc 

0.08 0.04 

0.09 0.04 
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TABLE V.- QUALITY CRITERIA OF DIFFERENT IMPULSIVENESS DESCRIPTORS 

AS = A + B (I.D.) + C.f 

SIGNIFICANCE AT 1 % LEVEL -r > 0.46 

(a) PULSE REPETITION RATE TERM INCLUDED 

(b) PULSE REPETITION RATE TERM DROPPED 
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TABLE V I . -  COMPARISONS BETWEEN COMPUTED AND SUBJECTIVE IMPULSIVENESS 
CORRECTION - TRANSIENT NOISE SIGNALS* 

B.B.N. 
N" 

214 
215 
216 
217 
218 
219 
220 
221 
222 

FREQ. AC EPNdB 
Y (ISO) JURY 

TYPE OF HELICOPTER 

S.61 (REF.) - 115 Kt  - LEVEL 
S.64 - 60 Kt - LEVEL 
CH47.C. - 150 Kt - LEVEL 
CH47.C. - 60 Kt - LEVEL 
B.212 - 105 Kt - LEVEL 
8.212 - 61 Kt - LEVEL 
47.0. - 6" APPR. 
S.61 -6" APPR. 
B.206 L - 6" APPR. 

I I I 

2.3 
3.7 
3.6 
2.3 
4.5 
3.8 
2.9 
5.4 

17 I 2.3 I 1.8 1 0.8 I 0 
18.6 
12.5 
12.5 

11 
11 
12 
17 
13 

2.5 
3.3 
3.8 
2.9 
3.3 
3.4 
2.7 
3.3 

1.6 
4.4 
4.4 
3.3 
3.4 
3.5 
3.0 
3.4 

2.7 
7 .O 
5.5 
3.2 
3.1 
3.5 
3.8 
3.6 

* B.B.N..STUDlES, METHOD OF ADJUSTMENT. 
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