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ABSTRACT

The Pureau »f Zngineering has recently requested the Naval
Research Labora®ory ta investigate the fidelity of receivers as to
the reproduction of speech. Specifically, the models of receivers
compared were Model RAB-1, Serial 30; Model NC-100xA, National 204J;
Model HRO National; Super-Pro SP-110 Series; Hammarlund Manufacturing
Company, Inc.

The percentage of understandability of voice reception was deter-
mined by nlacing the receivers in one room and the auditors in another.
Carrier frequencies at various levels modulated by words predominating
in low frequency content and words rich in high harmonics were applied
to each receiver. The number of received words was then tabulated
for both phones and speakers. It was found that the performance of
the Model RAB receiver was equal to the other receivers compared when
operated within its designed capacity. An amplifier should be used
in the output of the Model RAB when using loud speakers for voice
reception. Tests were conducted with filters to determine the
frequency range necded for voice recoption. The most satisfactory
frequency band for voice recognition is the range of 150 to 5,000
cycles.,

A comparison of three types of head phones was made: the Tele-
phonics Type TH-37, CTE-49016, and the Western Elcctric 5884 and
S63A. A slightly higher percentage of words was recorded by use of
Jestern Elcctric types and too, the opinion of the men was in favor
of these types.



INTRODUCTION
Authorization

;1A This work was authorized by Bureau of Engineering letter,
reference (a)., Other important data are listed in references (b) to
(e).

Reference: (&) BuBng.ltr. S67/46(10-26-R8) of 28 October 1938,
(b) BuEng.ltr. S67/46(10-26-R8) of 5 Decembér 1938,
{c) The Sounds of Speech, by I. B. Crandall, Bell
- System Tech. Jour. November 1925,

(d) Useful Numerical Consonants of Speech and
Hearing by H. Fletcher, Bell Tech. Jour,
August 1925,

(e) Transmitted Frequency Range for Circuits in Broad
Band Systems, by H. A. Affel, Bell System Tech.
Jour. October 1937.

Statement of Problem

2, This problem was to compare the Model RAB-1, Serial 20
with Models NC-100xA, HRO, and Super-Pro SP110 Series receivers for
their fidelity as to speech using headphones and loud speakers, and
to determine the transmitted frequency band necessary for under-
standability and woice recognition,

Theoretical Considerations

3. The primary and most important concern in reception of
speech scunds is the two properties, intelligibility and naturalness.
The transmission and reproduction of sound may be conveniently con-
sidered as matters of transmitting and reproducing the several
component waves. For a system to be ideal from a quality wviewpoint,
these componcnts must be reproduced unchanged and no new components
introduced. The requirements then for no noticeable distortion in
a scund reproducing system may be stated as follows:

(a) The reproduced sounds shall have the relative intensities
of the component frequencies the game as the original
sound.

(b) The reproduced sounds shall not contain any compenents
of frequencies not nresent in the original sound.

Failure to me2t vthese two requirements is referred to as "frequ-oncy”
and "non-linear" distortion, respectively.

4. It i3 the distortion with which we are concerned in this

report, To determinc thc effect of distortion we have to conduct
tests which will call upon the auditors to recognize sounds in the
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form of words as a means of comparison of various amplifiers, in

our case the four receivers. Distortion not only affects “he recog-
nizability or, commonly called, understandability of speecli sounds

but the tonal character or naturalness of the sounds as we 1,

The former aspect admits of a qualitative determination by means

of the so-called articulation test. The latter aspect is considerably
less definite and does not appear to be very simply related to the
recognizability,

54 In the articulation or understandability test, as used
here, it was found convenient to collect the 36 sounds into five
groups and select words characteristic of these sounds. The sounds
composing each of the five groups are shown below:

Long vowels: 2, K, ¥, 3,0', 1

Short vowels: at, », 1, 0, U, W, ¥

Nasal conscnants: 1, m, n, ng, r

Stop consonants: b, ch, 4, g, h, J, k, p, t
Fricative consonants: {, s, sh, st, th, th!, v, 3, sh

The speaker transmitted words of these sounds to the auditors and the
number of correct words recorded over the various receiver:s was
compared. In order to get some idea of the effort needed lo listen,
the auditors' opinions were solicited,

6e The freguency bands of speech sounds range fron 100 to
8,000 cycles. Each of the various group of sounds does nol require
this whole range. The most important region is between 20) and
3300 cycles. Long vowels have the range of 200-2500 cycles, short
vowels 300-3,000 cycles, nasal consonants 500-4,000 cycles, stop
consonants 750-5,000 cycles. The unvoice fricative consonints (s, f,
th) have their sound spectira in the upper frequency region: between
1,000 and 8,000 cycles. A woman's speech is more difficullt to under~
stand than a msn's, although the long and short vowel sounis are
easier to recognize when spoken by women than when spoken >y men,
Yost of the encrgy is carried by the vowel sounds and at f{requencies
below 1,000 oycles, but the fine modulations of the vowsls which
produce the stop consonantd and also the [ricative consonants involve
frequencies mostly above 1,000 cycles. For this reason, il is well to
bear in mind that the importance of any frequency region for carrying
the energy in speech 1s quite different from that carrying the
intelligibility. It is found, for example, thet while a asystem which
transmits only the frequency rangs of 100-1600 reproduces 3peech
which can be understood, yet it leaves much to be desired [ram the
standpoint of naturalness,

7s Results can be obtained for speech which are good for both
intelligibility and naturalness with a frequency range of 200 to 3600
cycles, Howewver, this range may be reduced to 200-3300 with satis-
factory rosults. There is nothing to be gained by going mich below
150 cycles for speech - in fact, there is a loss in intellligibility,



bul. there is an appreciable difference between a lower cut-off of
175 cycles and 250 cycles. As for the upper range, there is 1little
gein in intelligibility by going above 3300 cycles. However, there
is much to be gained in the way of naturalness by going to 4,000
or 5,000 cycles,

Nayrative of Work Done at This Laboratory

8, A broadcasting station consisting of high quality flat
response transformers and amplifiers in the frequency band of 10
cycles to 20,000 cycles, and a signal generator type 6058, was set
up and connected in turn to the input of the Models RAB, NC-100,

HR(C, and Super-Pro receivers. The ocutput of the receivers was con-
nected to the headphones and speakers in a distant room, Seventy
Navy operators wers used in the listening test, usually four at time.
One¢ receiver was used at a time and the men recorded the words sent
through each receiver at various input levels,

9. Tests were made at normal levels and at levels down to 1
microvolt input. A carrier of 1400 kilocycles was used as the input
signal for obtaining the data presented in this report. A few tssts
were conducted on higher carri-r frequencises with the same results,
Any signal above S0 microvolts was considered a normal level of input,
The percentage of correct words recorded at the various levels is
shemm in Tables 1 to 4. In addition to the headnhones, three loud
speakers were used on 2ach model of receiver. One speaker was used
at a time with four men recording. The phones used in the above test
were the Jestern Tlectric CW—49003 type. These phones are the Navy
stindard hich impedance type, having characteristics approximately
thc samc as the Teolephonics Type TH-37, CTE~49016.

10. A comparison of thc aircraft phones, Types TH-37, CTE-
49016 and the Western Electric Types 588A and 563A was made. The
records show that the same man would record from 2 to 10% more words
in 2 special word test using words rich in high harmonics on the
Western Electric phones. The opinion of the men was in favor of the
Western Electric types. In test using the 100 most used words in the
Eng lish language as shown on Table 6 there is nc appreciable differ-
ence in the percentage of words received on the Telephonics Type
CTE-49016 and the Western Electric types, 588A and S63A. The words
on Mhle 7 are rich in high harmonics and the Telephonics are not
flet up to the region wherc these frequencies comc in, The Western
Clcctric 588K is a low impedance type of headphone. The frequency
cheracteristics are shown in Plate 6. These phones are more sensitive
in 2 higher frequency range than the Western Electric type CW—48003
or the Telephonics, The difference in these phones is not considered
serious; a more complete investigation into the properties of these
phcnes is now in progress, and the completion of the work on hecad-
phencs as requested in reforencoe (b) will be described in a subsequent
rerort.
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(a) Circuit Diagram

11, Plate 1 shows the circuit arrangement used in he experi-
ment. The headphones and loud speakers were arranged to p.ug into
any one of the four receivers separately. Transformers A ind B are
used for matching impedances., These transformers are high quality
flat response cver a wide band,

(b) Description of Experiment.

12, The four receivers to be compared, namely, the RAB, NC~
100, HRO, and Super-Pro, were placed in a double screened iooth, all
electrical connections to and from the receivers being ideitical.
All accessories were examined as to frequency characterist cs to see
that the bands were wider than those of the receivers. Th: reader,
control operator and broadcast equipment consisting of wid) band
flat response amplifiers and transformers together with th: signal
generator and the receivers were placed in the screened bo)th and the
four auditors were stationed in a separate room, it being umpossible
for the auditors to know which receiver was in use, Start .ng at a
level of 1 microvolt input to the receivers, the speaker r:ad off
15 words over each receiver to the auditors. This was repated during
the course of the test with many grouns of four men as aud .tors and
with various groups of words, The method was repeated at .evels of
2.5, 5, 10, 25, 50, 10,000, and 100,000 microvolts using b th head-
phones and loud speakers, In the tests using headphones, in amplifier
of wide band flat response type was placed in the circuit retween the
phones and the recceiver in use. The input impedance of th: amplifier
was adjusted to a normal load for the RAB. Thc amplifier ras then
adjusted to give normal output to the extra load of the he ud phones
necessary for four auditors. All receivers worked into th: same
constant high resistance load. ‘'thilc using the loud speak:s, all
impedances were matched., The carrier or input voltage to the
reccivers was regulated by a signal gencrator, Type 605B. The
receivers were aligned by tuning to a given signal, modula.cd 50%
per cent at 400 cycles; with a given input voltage, the ou:put voltage
of all reccivers was adjusted tc a common value. Repetitim of the
test using 15 and 80 word groups was conducted over a perind of a
few weeks. Table 5 is a typical 1list of the words used, ’he per-
centages of correct words recorded over cach receiver are ‘ound in
Tables 1 to 4 inclusive, Separate tests using filters toc jass
frequency bands of (Plate 2 to 5) 0-16C0, 0-2600, 225-1600, 225-2600,
450-2600, 200-4500, 50-8000, 225 cycles up and 450 cycles ip wers
made, Table 3 shows the percentages of correct words reco-ded. The
band of 2252600 is falr for intelligence but posr for voi:e recogni-
tion. Plata2-5 show the cut off charactaoristics of the ‘ilters.
From the experience gainod by these tests, it is believed 'hat a band
of 150-5,000 cycles would be very d=sirablc and quite satlifactory
for Havy use, This recommendation is made {rom a considerition of the
physics of the sound spectra of the human voice, giving no considera-

-



tion to the engineering difficulties to obtain this frequency band.
Wien the upper end of the frequency band is reduced to 3300 there is
nzed to repeat more of the sounds as sh, st, th, f, s, v, 2, zh, etc.
Tiis is an example of where both intelligibility and naturalness may
b2 impaired, However, the band of 200 to 3300 is fair for both
iitelligibility and naturalness using common words as found on this
pige. This is slightly better than the ordinary city phone.

DATA OBTAINED
{a) Data in Tabular Form,

13, The results of the data obtained using loud speakers are
found in Table 1. The table shows the percentages of correct words
raceived by the auditors over each receiver at various input levels.
Tiree loud speakers were used on each recelver, one at a time; the
1>ud speakers used were those belonging to the IRO, Super-Pro, and
N1-100 receivers. In most runs of 15 and 60 word groups there were
four men auditing; sometimes there were cnly three auditors,

14, Section 1 of Table 1 shows the results of three runs on
eich receiver using three separate loud speakers with three men audit-
iig and a fifteen ward group, In column 1 is found the results of the
R\B receiver., The opinion of the auditors in this case was that
stations 1 and 4 were tha most pleasant and had the best quality.
Tiese proved to be the RAB and the Super-Pro receivers. One may say
tie percentage of words received over each receiver is mractically
t 2 same,

15. In Sections 2 and 3 of Table 1 we have the results of a
d.fferent group of four auditors and two loud speakers using 60 word
groups. Here too is shown a preference for the RAB and Super-Pro
riceivers; the parcentage of correct words received is again
practically the same, The above mentioned data were takenm at a level
2" 50 microvolts input and with an amplificr in the output of the
R\B receiver,

16. Section 4 was recorded with the same input level but
w.thout an amplifier in the output of the RAB. The output of the
compared receiver, Super-Pro, was reduced to a slightly lower level
t) match the reduced level of the RAB without the amplifier. The
p:rcontage of correct words received is the same and there was about
a 3 to 1 preference for the Super-Pro over the RAB, No difference
cryuld be detected in comparing the RAB with the HRO and NC-100 at
tiis fairly low autput (80 to 100 milliwatts). Section 4 shows,
hoywever, that the RAB rcceiver can be used at low output lewols without
21 amplifier when the impedances are properly matched. The percentages
ri:corded there are the result s of three groups of four men cach, a
tstal of 12 men,

17, The results shown in scetions 5, 6, and 7 were obtained



with an input of 100,000, 50,000, and 2.5 microvolts re: pectively.,
In these tests an amplifier was used in connection with the RAB
receiver. Twenty-one men were used to get these observ: tions.

18, Table 2 shows the results of using filters :n the circuit
in order to pass only part of the total frequency band | assed by
the receivers. These filters have a sharp cut—off as st own by plates
2 to § inclusive and are flat in the pass reglon. The ;ercentages
recorded there are based on the number of words receivec by sight
auditors out of 240 words broadcast. In columns 4 and ( we note that
the bands of 225-2600 and 0-2600 are fairly good for unc erstandability,
but. poor for voice recognition,

19. In Table 3 is recorded the results obtained by the use
of head phones. A preference was shown by some auditor: for the RAB
and the Super-Pro receivers., Many, however, did not de'ect any
difference, On extremely low levels the NC did not per!orm as well
as the other three receivers. This was agreed by all. One may say
of the results in Table 3 that the RAB is as good if no‘ better than
the other receivers for head phone use., Seventy men we: 2 used as
suditors. The total number of words sent on each level is recorded
in cdlumn S.

20, Table 4 is a record of using filters with hcad phones,
The filters were connected as shown in the circuit diagiam. The
percentages received of 240 words read are entered,

(b) Statement of Probable Errors

21, It is believed that the tests were conductec in such a
way 283 to reduce the errors to a ninimum, In cases where the broad-
caster's enunciation was poor and all receivers! percan’ages were
unusually low, & check against the speaker reading directly to the
audi tom showed that he would cause the auditors to miss a large
nunber of words, exactly accounting for the unusually lc» per cent,
The men and words were changed sc as to give all receivirs an equal
chance. The auditors were changed each day to prevent {amiliarity
with the 780 words used. Due to the nature of the test, one may
consider results which are within S% of sach other as practically
the same.

DISCU NS

22. The results of the test, using percentages 12corded in
Table 3 on headphones and the opinion of the men auditirz as an
index, show that the RAB receiver, when operated within its
designed capacity, is favored over the NC-100, HRO and {iper-Pro
receivers, This margin of favor is, however, very small, but it in
the least shows the RAB to be as good as the others,



23. In the test using loud speakers, a high guality broad

land flat response amplifier was used in the output of the RAB to

urnish the extra power needed. The percentage of words recorded

«ver it was the same as the records of the other receivers. When the
:ame loud speaker was shifted from one receiver to another, many of

he asuditors could not distinguish any difference between the

1 eceivers, However, the author together with 14 of 21 men selected

. tations No. 1 and No, 4 as the best of the four stations - these
references were the Super-Pro and the RAB receivers. The difference
. eemed very slight and should be taken as an index of nothing other

nan personal preference.

R4, The test was repeated five times with the same results.

|y tuning to regular broadcast stations the auditors were able to

uplicate their opinions of the same receivers. The chlef cause

« £ complaint in the case of the RAB receiver for woice reception, as

-

entioned in paragraph 1 of reference (a), is its small power output.
f loud speakers are used on it without an amplifier, care must be
aken to match the impedances and at best there is some distortion
hen using loud spcakers at output levels in the neighborhood of

.00 milliwatts or mare. The ordinary good loud speaker requires from
'25 to 350 milliwatts, The RAB receiver is designed to work at 6

illiwatts undistorted output.

25, The frequency band necessary for intelligence transaission
s found to bé good between 250-3300 cycles, but is not complete for
oice recognition. A band of 200-3600 is much more desirable for
oth intelligence and voice recognition, The band recommended as the

108t desirable and complete i3 the region of 150-5000. This increase

n band width over the above mentioned bands is only for the purpose
f voice recognition. In some circumstances where there is low
requency noise, such as aircraft, it may be better to raise the
ower cut-off to 250 cycles. 1In considering the wide band of 150-
000, the first thing of importance is the frequency range of the
icrophones and head phones. The ranges of thesc instruments should
e increased to agree with the above band. If the expense of ob-
aining the band of 150~5000 is objectiocnable, the region of ap-
roximately 200-3600 may be adopted with the expectation of fairly
ood results, This is slightly better than the ordinary telephone,

' ONCLUSIONS AND RECQMMENDATIONS

(a) Conclusions

26. The Model RAB receiver, when used within its designed
apacity, is as satisfactory as the other receivers compared for
oice reception, The Model RAB has s weight factor of 6 to 8 times
he other receivers,

27, The frequency band necessary for intelligence transmission
nd voice recognition may be classificed as follows:

S



150-5000 cycles, very good for both recognitior and
understandability.

200-3600 cycles, fair for voice recognition, g¢>d for
understandability.

250-3300 cycles, not positive for voice recogn: tion,
satisfactory for understandab: Lity.

(b) Recommendations

28, When using a loud speaker on the Model RAB r¢ seiver,
it is recommended that a suitable amplifier be used betw: an the
output of the RAB receiver and the loud speaker.

-3~



TABLE

Speakers without Filters

50 ldcrov jlts Input
i ¥

Section 1

Section 2

Section 3

Section 4

&l

o

No

ol

2 3 4
Receiver Receiver Receiver Receiver
RAB HC100 HRO Super Pro

Speakers Speakers Speskers Speskers
0 SP NC |HRO SP NC JHRO SP _NC HRQ SP NC
5. 14 - 35 Jils 35 I3+{15 14 34 ‘JI5 31¢ 13
5 15 15 15 15 1S 14 14 15 15 14 15
R 5 1 1 115 15 5 1 5 3
74 95.%% 100% 197.8% 97.6% %.2% P7.88 95.7% 97.6% {U 95.7% 88.7%
8 56 58 57 59
8 58 58 58 58
9 58 58 59 56
7 56 gggz 57 54
74 95% 93, 96.4% 04.8%
8 S8 60 59 56 80 56
6 55 58 58 57 57 680
6 58 58 58 59 S8 59
4 60 54 58 53 &5 57
6 60 60 54
7 59 59 57
5 59 59 60
3 54 59 58

52

80

58

58
.88 962 .26 9% [ 96z 957 95.5%
Amplifier
9 60
0 59
0 58
9 57
E 60
9 59
) 59
7 57
o) 60
9] 80
‘6 80

57
4% 98¢




(Continued)

ZABLE 1 No filte: s
1 2 3 4
Input Receiver Receiver Receiver Rece: rer
100,000 RAB NC HRO Sl
Speakers Speakers Speakers Speal :rs
HRO SP__NC {HRO SP JIC (HRO SP NC| HRO {2 NC
14 15 M 112 15 13 14 14 1
15 14 13 |13 15 14 15 15 11
1S 14 14 |14 14 14 1S 14 11
Section 5 15 14 15} 14 15 15 15 15 35
14 13 15 | 14 14 15 14 15
13 14 14} 15 12 14 14 14
14 14 15 |15 14 15 1§ 15
14 13 | 10 15 ] 14 S
95% 93.4% 947 | 89 953 95,6% 96.6; 97.30 <53
“nout
59,700 52 58 52 55
57 58 57 58
Section &5 59 56 54 58
o4 54 S1 56
92.8% 94.%% 93.4% 94.8%
Input
765 sl 23 39 47
46 24 39 50
52 33 46 48
82.63 44.5% 89% B80.5%
Section 7 13 8 6 8 7 12 12 11
14 8 11 11 3 10 11 W
10 12 7 8 7 14 12 Bl
12 9 4 9 B il 9 W
13 10 6 7 12 9 8
32 . 1) 9 9 10 1}
A0 9 - —-—
B2.3% 64.47 | 58.67 57.3% 592 70,58 | 68.63 1 .24

TABLE 2
Speakers with Filters

225 Up 450 Up  225-1600 225-2600 0-1600 0-2600 450-2 OQ
97.5¢ 89.5% 687.5% 87% 57.8% 95.4% 82. £




TAZLE 3

Heagdphones
Microvolt | 1 2 3 4 Totsl Words
—lnput _BAB o HRQ Sp Segt
1 47.3% 57,48 49,3% 45,52 545
2.5 89.2% 55.28 70.5% 67.1% 13595
5 83.3% 68.28 B80.5% 78% 17585
10 B5.29 80.8% B86.8% B3.4% 755
25 90.8% 88,1% 93.8% 94% 780
SO
500
10,000
100,000 96.4% 93.7¢ 91.4% 96.2% 2760
TABLE 4
ead; es with Filters
0-1600 0-2600 225-2600  450-2600
Shure 70 :
Crystal ¥ ke 84.4% 96,83 94% 90.4%
Western E ectric _
6304 85.3% 91.3% 95.4% 85.5%
IABLE
Trpical List of Words
talk beat Fovg this
top ) bit wick free
" tone bite 1lie both
ten but my tree
ton bought pie fist
tool bat tie hiss
teen book zest pest
tap bout term thirst
tip back cheap tean
zip put whiz bake
kit pert then vest
took pool fall kiss
bat by call tease
bait which ball fizzle
bet die tall chat



the

and

that
it

for
be

you
with
he

by

TARLE 6

The 100 Yost Frequently Occurring Words in the

not
at
this
are
we
his
but
they
all
or
which
will
form
had
has
one
our
an
been
no

this
tis
Fes.Ta
threc
five
T.V.F.
sieve
fec

vast
both
free
Lee
asure
that
save
tree
fist
kit
hiss

English Language.

their
there
were
so
my
if
me .
what
would
who
when
hin
them
her
War
your
any
more
now
its

TABLE 7
Special Word Test

zest
bes®
list
fist
pest
V.F.E.
tooth
chap
chesap
zip
vest
tease
VA

f
v.V.B.
this
sizzle
fizzals
C ISDT.
cive

bait
thin
in
sin

thirst
seeps
bake
tease
team
teen
sister
bother
gie

ple

that
chat
zit
kit

the
two
ver
bef
gre
cou
suc
fir
upo
eve
how
com

sha
sho
the
lik
wel

14+
-

say
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