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In the referenced paper [ 11,  the  author first  presents the 
optimum M-ary DPSK receiver and  then derives an expression 
for  its  error  probability  performance particularly for  the 
binary case, i.e., M = 2.  It  should be noted  that  the  optimum 
M-ary DPSK receiver has previously been given (see Figure 
5-21 of [ 21 ) and  its  error  probability  performance for all M 
derived (pp.  246-248 of (21). Thus, rather  than derive the 
error  probability of Figure  1 of [ l ]  , it might be perhaps of 
more  reader  interest to  demonstrate  that  indeed  this  optimum 
receiver is equivalent (forms  its  data decisions based on  the 
same statistic) to  Figure 5-21 of [2].  Thisis  shown as follows: 
Figure 5-21 of [ 21 makes its decision by choosing that angle 8 
which satisfies 

where X k  and Y k  (see [ 1 ] ) are the  quadrature integrate-and- 
dump  outputs  corresponding  to  the  kth  bit  transmitted. Com- 
bining the  arctangents gives 

i X k Y k - l  
- X k - l  “ 1 ’  1 X k X k - l  + Y k   y k - l  

-- (2) 

Recognizing that 

mjn li = max {cos Z i }  
1 i 

we get the equivalent relation 

Y k - l   - X k - l   Y k  

X k X k - l  + ‘ k Y k - 1  1 - 3 1  
.C 

+ y k - l  - X k - l   y k  

R M 
where 

which agrees with  the  test  statistic in (5) of [ 1 I. (Q.E.D.) 
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A Note  on Measures of Voice Transmission  Performance 
Used by the CCIR 

HIROSHI  AKIMA 

Absmct-The articulation  index (AI) described in CCIR Report 
526 as a measure of voice  intelligibility  cannot  adequately  represent 
the  effects of interfering signals on voice  intell@bility. f i e  mini- 
mum interference  threshold (MINIT) described  in the Same report  as 
a measure of voice  transmission  performance is not a  performance 
measure. 

INTRODUCTION 

The CCIR [ 1 I has adopted  the following two  reports 
regarding the  radiofrequency  (RF)  interference: 

Report  525, Provisional signal-to-interference protection 
ratios required for  spectrum  utilization investi- 
gations;  and 

Report  526, Measures of voice transmission  performance.. 

Among other  concepts,  Report  526 describes the  articulation 
index  (AI)  and minimum interference  threshold (MINIT), each 
as a measure of voice transmission performance.  In  its  Table 
IV, Report  525 gives, for  many  combinations of various types 
of wanted signals and  various types of interfering signals, 
values of signal-to-interference protection  ratios  both  for  the AI 
criterion  and  for  the MINIT. Both  reports are based on ECAC’s 
degradation  handbook [ 21, which is hereinafter  referred t o  as 
the  Handbook. 

This note examines  applicability of AI to   RF  interference 
problems  and validity of MINIT. In  the discussions that follow, 
we assume that  the  data  presented in the  Handbook are 
correct. 

DISCUSSIONS ON THE USAGE OF AI 

The ANSI standard  for  methods  for calculating AI [3]  
states  in  its  Section 5 that AI’S adequately  predict  the  effects 
of wide band,  continuous  spectrum noise and  effects of bands 
of noise wider than  200 Hz in  the  audio  band,  but it does  not 
mention  the  effects of undesirable  line-spectrum components 
in the  band.  In  many R F  interference  problems,  one  or  more 
strong line-spectrum components  appear  in  the  audio  band. A 
question may be raised, therefore,  on  the applicability of AI to  
RF  interference problems. 

This question can be answered  with  numerical data pre- 
sented in the  Handbook.  The  Handbook gives, for  many com- 
binations of wanted signal and  interfering signal, many figures 
that  contain curves for voice intelligibility versus signal-to- 
interference  ratio  (SIR).  In each  figure, the  ordinate is doubly 
scaled with the AI and  articulation score (AS)  that is the 
percentage of words correctly  understood. We read,  from  the 
curves given in  the  Handbook, values of the  SIR  that corre- 
spond  to AS = 78% and  45% (i.e., protection  ratios  for  the AS 
criterion). (According to  the  Handbook, these two AS values 
correspond to AI = 0.7 and 0.3, respectively, when  the  inter- 
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fering signal is white Gaussian noise.) We compare  these pro- 
tection  ratios with protection  ratios  for AI = 0.7 and 0.3 (i.e., 
protection  ratios  for  the AI criterion)  that are tabulated in Table 
IV of Report 5 2 5 .  Table  1 of this  note shows the differences 
in  protection  ratios in decibels between  these two criteria, 
which can also be  regarded as conversion  factors for  the 
protection ratios from  the AI criterion to  the AS criterion  or 
vice versa. (In  this  table,  symbols A ,  F ,  and P designate ampli- 
tude,  frequency,  and pulse modulation, respectively;  numerals 
0, 1, 3,  and 9 that follow the above symbols  designate no 
modulation, telegraphy without  modulating  tones,  telephony, 
and  modulatiofi  with  a signal or signals that  cannot be classi- 
fied otherwise,  respectively; symbol J designates single-sideband 
modulation with  a suppressed carrier; and symbol N implies 
white Gaussian noise.)  This table  indicates  that  the conversion 
factors vary widely among various combinations of wanted 
signal and  interfering signal;  these factors vary in  a range wider 
than 30 dB. Since the AS  is the basic measure of voice intelligi- 
bility as stated in Report 5 2 6  and also in the  Handbook,  and 
since conversion factors of wide variability  are  required to 
convert the  protection  ratio values based on  the AI criterion 
to meanillgful protection  ratio values based on  the AS crite- 
rion, we must conclude  that  the AI cannot  adequately repre- 
sent  the  effects of interfering signals on voice intelligibility. 
We must also conclude  that, unless other  supporting evidences 
are presented,  the  protection  ratio values for  the AI criterion 
given in  Table IV of Report 525  are meaningless numbers. 

DISCUSSIONS ON  THE USE OF MINIT 

I n  Report 5 2 6 ,  the MINIT is defined  as “the level at which 
the  interference is first  observed”  in the presence of noise. 
Since a voice signal contains  frequent pauses, presence of 
interference is very likely to be  judged in these pauses. AS a 
matter of fact,  Report 5 2 6  states  that  “the  test  (for measuring 
the MINIT) can also be made  without  the presence of a desired 
signal.” Thus, the MINIT is the level below which the  inter- 
fering signal is buried  in noise. The level of the  interfering 
signal at  the MINIT depends only  on  the level of noise but  not 
on  the levei of the desired signal. Since the  quality of a voice 
signal depends  on  the level of the desired signal as well as the 
levels df interfering signal and noise, and since the interfering- 
signal level at the MINIT is independent of the desired-signal 
level, the MINIT can represent  neither a  fixed quality of a 
voice signal nor a fixed grade of voice transmission  perfor- 
mance. It is therefore concluded that  the MINIT is not a 
perforinance  measure. 

To observe how  the MINIT is used, we  will quote  the 
following statements  from  Report 5 2 5 :  

The  protection ratios are given for three  performance 

TABLE 1 
DIFFERENCE IN SIGNAL-TO-INTERFERENCE  PROTECTION 

RATIO IN  dB BETWEEN THE AI CRITERION AND 
AS CRITERION 

(Protection  Ratio for AI = 0.7 Less  Protection  Ratio for AS = 78% in 
the  Upper  Row,  and  Protection  Ratio  for AI = 0.3 Less  Protection 

Ratio for AS = 45% in the Lower  Row.) 

A3J ,23 0 >23  0 c 3  >24 1 3 
7 1 1  0 > I 1  0 - 2  > 7 -6 - 1 1  

F3 , 5 
0 > o  0 0 > 4  I -  - > o  
0 >I6 6 5 - - 

525 that is concerned  with the MINIT thus  contains serious 
errors. 

It is also clear from the  definition of the MINIT that  the 
value of signal-to-interference protection  ratio  at  the MINIT 
can be changed arbitrarily without regard to performance level 
by assigning an arbitrary value to  the signal-to-noise ratio 
(SNR).  These arbitrary changes are  actually  done when Report 
525  summarizes theHandbook;  the  Handbook gives protection 
ratio values at  the MINIT for  SNR = 10 dB and 25 dB, while 
Report 525 gives values for SNR = 35 dB. Therefore,  the 
protection  ratio values for  the MINIT given in Table IV of 
Report 525  are arbitrary numbers. 

In  the  Interim Meeting of CCIR Study  Group 1  held in May 
1976, the  Study  Group  adopted  some revisions on  Report 5 2 5  
and 5 2 6 .  Although the revised Reports  cannot be official 
CCIR Reports  untd  they are adopted by the  next Plenary 
Assembly, these revisions are worth mentioning. Revised 
version of Report 526  clearly states  that  the MINIT is not a 
performance measure. The  Study  Group,  therefore,  has 
achieved a progress at this point.  The same Report, however, 
continues to list the MINIT as a performance measure. More- 
over, the revised version of Report 525  also continues  to use 
the MINIT as a performance measure. Therefore, revised 
Reports 525 and 5 2 6  are as a whole more  confusing than 
before. 

CONCLUSIONS 
levels and .... The threshold levels range from a  min- 
imum  interference threshold (MINIT) to a  maximum Using the  data given in  the  Handbook [ 21 that  forms  the 
interference threshold (MAXIT) ... .  he MINIT for a basis for CCIR Reports 525 and 5 2 6  11 I ,  we have examined 
voice denotes the boundary between a region in applicability of AI that is described  in Report 5 2 6  as a  measure 
which there is no interference and a region in which of voice intelligibility,  with  a negative result. We have also 
there is detectable interference, but no degradation to examined  validity of MINIT that is described in the same 
intelligibility. This also corresponds to a l.o Articula- report as a  measure of voice transmission  performance, also 
tion Index (AI) score. For a voice a o.7 AI with  a negative result. Based on these  results, it is recom- 
is used for the second  threshold .... For a  voice signd a mended 
b.3 AI score is used for a MAXIT ... . - that  the AI not  be used for representing the  effects of inter- 

fering signals on voice intelligibility; 
These statements clearly indicate  that  the MINIT is used as a - that, when intelligibility is the primary concern,  the AS 
performance measure.  Since  what is not a performance mea- criterion instead of the AI criterion be used for signal-to- 
sure is used as a performance measure, the  portion  of  Report interference  protection  ratio  calculations; 
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ICC ’79 
Boston, MA, June 10-13, 1979 

Call for Papers 
Original papers in the field of  communications research, 

technology,  and  operations are  invited for possible inclusion 
in theICC’79  technical program.The  theme of the  conference 
is “Communications Changing the ,World” and, where appro- 
priatb, papers should.be  keyed  to  this  theme.  The conference 
will also have a strong international flavor and we are seeking 
papers at  the leading edge of communication  technology. 

ICC’79 is co-sponsored by  the  Communications  Society, 
the Aerospace .and  Electronic  Systems  Society,  and  the 
Geoscience Electronics  Society.  The following subcommit- 
tees will tie involved in the organization  of  technical sessions 
for ICC’79. 

Technicd.Program  Subcommittees 
1. Aerospace and  Electronic  Systems 
2. Communication Disciplines 
3. communication  Electrqnics 
4. Communication  Software Technology 
5.  Communication Switching 
6.  Communication  Theory 
7.  Computer  ,Communication 
8. Data  Communication  Systems 
9.  Electromagnetic  Compatibility 

10. Geoscience 
11. Oceanic  Engineering 
12.  Radio  Communication 
13. Social Implications of  Technology 
14. Space Communication 
15.  Standards  Coordination  and Liaison 
16. Transmission Systems 

Where appropriate,  authors  should  indicate  on  their 
manuscripts which  particular subcommittee(s)  they feel 
should review their  contributions.  Complete papers  (in- 
cluding  a  one-page abstract  for review) must be received by 
the November 15 deadline to  ensure  adequate  consideration. 
The one-page abstract  should clearly state why  the contri- 
bution is important in addition to  summarizing the  manu- 
script. 

Author’s  Schedule 

Five copies  of abstract  and  manuscript by-November 15, 

Notification of acceptance received by-February 1,1979 
Camera-ready copy (5 page maximum) mailed by- 

March 1,  1979 
The author’s name,  complete  return  address,  and tele- 

phone  number  should  appear on the  abstract.  The remaining 
pages and  illustrations  should  bear  the  author’s  name  and 
the  title of the  paper. 

Authors are requested to  send five double-spaced  copies 
(in English) of the one-page abstract and manuscript  (not  to 
exceed 3000 words)  plus illustrations to: 
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Dr. John Logan, Chairman, ICC’79 Technical Program 
Bell Laboratories 
1600 Osgood St. 
North  Andover, MA 01845 
(6 17) 68 1-6306 


