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" SUMMARY

The results of carefull y-controlled laboeratory- exreriments using modified- -rhyme intel-

ligibility tests +nd1c9t= uﬂat extremely-shouted speech is 1 intelligible than
normal speech. But while infinite bezax clippinz degrades t ntelligibility of nor-
mal speech, the same infini te peak ﬂ’*““-ng of shouted sgsech makes it almost as
intelligible as normal sree Large amounts of =zdditive white noise after the pegi
clipping sevevelj degrade 1gibility of both the snouted and normal sSpeech
almost equally. With shou is more difficult to identif Yy the speaker.
One tempting conclusion to rade from the results of these experiments is that peak
cllpplnz cf severely shoute eech in a relatively noise-frese environment actually
is desirable since the clippin improves the intelligibility of the received message.
However, ‘during many ermergencies the environment is extremely ncisy, and Peak-clippirn
of noisy shouted Speech might not improve its intelligibility.
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BELL TELEPHONE LABORATORIES has often been called upon to decipher and evaluate
recorded communicaticns from aircrazaft that have crashed or caught fire. These record-
ings have been received from various Federal Agzencies.. There nave been instances

of pilots being snot, planes mysteriously out of control, and acecrafts catcning
fire. The recordings are usually sSent to Bell Telephone Laborztories in an effert

to restore the 0r101nal message rrom the received garbled ccrmunication. These tagpe
recordings are usually of =2 pilot and/or copilct talking from an aircraft to 2 groun
receiver. Often it is even difficult to understand what the ground receiver is say-
ing even though his channel to the tape recorder is supposedly distortion and noise
free. In the case of a pilot shouting over a noisy air-to-ground communication chan-
nel in a high bacxkzround-ncise environment, the chances of understanding him are
understandably guite smali. .
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Additionally the shouted messages may be even more degraded by inherent nonlinear
distortions in the transmitiing and receiving equipment. Peak-clipping is often used
as a matter of course to 1ncreﬂsQ the long-time avorage pocver of the transmitter's

modulating system. If the input to the clipring circuit is a flat. spectrum or even
differentiated the clipring has no pronounced deleterious effsct cn the ﬂessage intel-
ligibility.l But wha t happens emergency when voice levels

r distortions of the communi lon .link respon-
or is it vecause of zn inherently low articula-
rhaps a coxbination of bothl

c
in are apt to increase
in excess of 20 dB? Are the nonl s
sible for the un_“talll ‘oh mess e

Most often only twoc or three persons at one time, have been involved in the unscram-
bling work, but occasioconally as many as five or six have volunteered their joint
cooperation. In these instances all the expertiso of years of speech research are

‘brought to bear alcng with virtually unlimited sigral-analysis facilities. Sochis-
ticated ceomputer programs that process the unint ell gible messzages have been tried
but have proved irneffective. These programs have included znalysis and synthesis
of the speech, time stretching, cepstrum pitch determination, 2and noise stripping.
Additionally, specircgrams have been made of unintelligible portions of the messages
in order to try verbzl "fits" or educated guesses 25 to what was originally said.
Surprisingly (or parnzps not so Sh“v-lbﬁpa'y), the numan ear remains tne best zna-

lyzer although there is a wide disparity between different listeners wnen the speech
is severely garbled. The content of the messzges eludes both the human anzlyzer zand

" sophisticated comzuters bacause the originazl sveech was inevitably severely distorted
- o -

and buried in noise and no amount oI XKnOWn processing can restore the original.

A series of tests has been performed to iden

tify the actual czuse of the difficulties

encountered in attempting to decigher these em
el
%

rgency messazes. More svpecifically,

RS

ipility measurements of normal and

two series of-tests were De*forred (1) int
severely-shouted speech with and without pea ving, and (2) measurements of the
ability of experienced listenzrs to identify different talkers fren sadolﬁs of poth
normal and severe-*-snouted speech. Although scme of these tests are still in prog-
ress, sufficient data has been obtzined and aralyzed to revert results and draw con-
clusions; these results and conclusions are reported in this paper with the exgp

hope that a better appreciation of the problems of emergency communications wil
conveyed.
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INTELLIGIBILITY TESTS

STIMULI AND PROCEDURE. The two main categories of stimuli tested were nor-
mal speech and shcuted speech. A redified Fairbanks rhyme test wzs used to test the
1ntelligibi1izv of the consonant-vowel-consonant words.€ This test coasists of six
lists of fift ords each, with ezch list suppocedly designed to be eguivalsnt

> ant.,
That is, each llbt used separa,e*y for the same response condition should yield the
same intelligibility score. Thus, the subjects have a closad set of six eltsrnztives
from which they must select the perceived word. Figure 1 illusitrates a tyzical
responsc shect used by the licteners. Several versions of this sheet werc availzabls
with the six words in the boxes randomly permuted to minimize spatial-bias effects.

One spezker shouted the 300 words that comprise this test and also spoke the same
300 werds in nis normal voice. while he was shouting his auditory feedbzck or side-

tone wzs deliberst c’" rasked by high-level white ncise (110 dB SPL) applied via hezd-
phones. His instrictions were to ' shout each word as if he were trying to be hezard
at the opposite er d of z footbzil field." The reaordings of the shouted and normal
speech were mzde in the anechoic chamher a zborator on
denser microrhones were used: one sraced 5 of the suc:Ae

the other at 1 centimeter {Bruel & Hjaer t 35, re

shown in Fig. 2. The microphione ot 1 cm ¢ the'dis: ce
clese-speaking microphones usually used *n inications sy bod

it 1s particulsarly svbject to breath noiss ere not particularly
noticeable or bothersome for the speaker u e recordings.

Prior to stimulus prescatation, the shouted orecch from the close ricrophone was
processed by re-recording the originzl masier tape in the following manner: (J) &4
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three second interval
peak VU levels of all
limited from 80 Hz to

The normal speech was
necessary since these

Thirty-six dB of peak

was inserted between words for subject response time; (2) the
words were adjusted to be identical; (3) the recording was band-
10 kHz. C

similarly re-recorded except that no gain adjustments were
words were already very uniform in peak amplitude.

clipping (the ratio of the maximum peak-to-peak input to the

peak-to-peak clipped output) was used to process voth the normal and the shouted

various amounts of white noise were added to produce different

‘restored to more usual levels by the clipping.

speech. In addition,
signal-to-noise rztios. In the case of clipped-shouted speech, the white noise was
added after thz clipping. -
Four subjects individually took the tests in a quiet office space. They used head-
phones with the signal level adjusted individually for comfortable listening in their
preferred ear (see Fig. 3). .

RESULTS. Some of the findings are not surprising in view of the extensive
research done on clipped sreech. The average tercent of words heard correcily by
the listeners for normal speech with a residuzl signal-to-noise ratio of 30 dB was
58 .2%, shoun chically in Fig. 4, while normzl speech severely clipred averaged
g5%. (rollack Licklider found infinitely cliirred speech to be 52% intelligivle.
The two_zddit 2l curves are the normally-spoxen words for two other signai-to-
noise ratios: B and -10 dB. The signal strength in these instances remained con-
stant. For the O dB case, the noise level in VU was adjusted to equzl the average
VU reading of the speech. The -10 dB ratio was setl as in the preceding case, but
then the noise was simply raised by 10 dB.
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Figure 5 illustrates a similar family of curves, only now the results indicate the
percent of words heard correctly for shouted speech. Here the intelligibility of

the shouted speech for the 30 dB residual noise condition averaged 85.2%; ruch higher
than anticipated. With decreasing signal-to-noise ratios these results similarly
follow the normal speech downward in intelligibility. When the shouted speech was
peak clipped, the intelligibility increased to $7%, almost as high as normal
unclipped speech!

DISCUSSION. One possible reason why clipped shouted speech is more intel-
ligible than unprocessed shouted speecn may be tnat the vowel-to-conscnant ratio is
This can be seen clearly in the
spectrograms of Fig. The vowel /i/ in the word heath is shown for normal speech,
shouted speech, and clipped shouted  speech. his word incidentally was heard incor-
rectly when shouted but scored correctly when the shouted speech was infinitely
clipped. .

The spectrogram of the normal speech (spectrogram A in Fig. 6) shows strong formant
structures and a rather uniform pitch periodicity (vertical striations). The mark-
ings for the initial and final consonants are typical.

The spectrogram of the same word shouted (spectrogram B in Fig. 6) is very different.
The formant locations are poorly defined, and the fuadamental pitch has risen consid-
erably. Since there are fewer harmonics in tre resonant regions(formantbands), the
resolution has suffered. The general appearance 1s more noise-lixe. Also, the final
consonant energy is missing except for a narrcw vertical par at the very end cf the
utterance. Notice that the duration of the shouted word is twice that of the normally
spoken one.

If the shouted word (heath) is clipped, it appears as in spectrogram C. The overall
appearance is similar to the previous case, but even more "ncisy in character.

This is due in part to the decreased signal-tc-nolse ratic imposed by the iafinite
clipping process. Another noticeable difference is that the initizal and final con-
sonants are more pronounced; in effect, the consonant-to-vcwel ratio has been
jmproved. Thare zlso seems to be an improvement in the derfinition of the formants
although not a2 cubstantial one.

TALKER RECOGNITION TESTS

STIMULI AKD PROCEDURE. To verify if different shouters were recognizable
from cne ancther, an 2dditicnzl test was devised and performzd. Five volunteers each
shouted ten words, namely, PRACH, SIP, TAN, LOT, Raw, lHCOK, 00D, CUL, BIZRD, and
F11E. They als0 spoxe the same 1ist in their norrmal voice. These p '
recerdsd in the fres-ipoce room using O
For this test, nowever, only the reccrdi
lips were used. The ten words used sre to some of those in 2 Fairbanks
test &nd were chosen for their different content and a variety of initial and
final consonantc. Only ten words were ush ince the extreme snhouting was physio-
logically too difficult for prolonged recording scouions.

nrt znd conditions d

20
es

the wicrophone 1 meter from their
th
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The fourteen listeners were all colleaguec of the talkers and therefore all familiar
with the normal speech of the talkers. Nevertheless, the listeners first heard the
normal speech over a pair of head phones. During this conditioning phase of the test
the recoraed talkers each announced who they were and recited the phrase "Joe took ’
father's shoe bench cut - she was waiting on my lawn." This allowed the listener

an opportunity to become accustomed to the voices over headphones and also enabled
them to adjust the listening level to a comfortable setting.

During the next portion of the test the subjects were asked to identify a particular
talker (normal voice) from a randomly orderad set of the 50 stimuli: 5 talkers eacn
speaking 10 words. Approxiamtely 3 seconds was allowed for their choices.

Finally, another 50 word response set was presented to the listeners - this time
however the same words were shouted. For this presentation the levels were adjusted
to be approximately equal to the normal speech, and the listeners were given approx-
imately 6 seconds for their choices.

RESULTS. Figure 7 shows a comparison graph of percentage of speakers
identified correctly by the various subjects. The upper data is for the normsl
speech, and the lower datsa is for the shouted speech. The average identifications

are 88.5 and 47.2 respectively.
‘///&able I shows the confusion matrix for the normal speech. The mistakes in identity
between talkers RCL, DJi, and AMN occurrsd because their voice quality and fundemenzal
pitch were very similar. -The first two talkers, DEB and OCJ, differed considerably
in these characteristics as will be shown later in Fig. 8. Table II is the confusion
matrix for the shouted speech. In this case 0CJ, who has a very high normal pitch,
succeeds in being recognized even while shouting. This is not the case for the
remaining four talkers. Their identity is essentially destroyed.

DISCUSSION. Another interesting facet of these tests is the similarity of

the fundamental pitch frequencies for the different talkers. The pitch frequen S

for normal and shouted speech for the five talkers is shown in Fig. 9. The p

frequencies were measured from speech spectrogrzms by measuring the frequency d
s c

Ty

ence between harmonics. Althougn the pitch of the normal
range, the ranzge of the pitch of the shouted speech is rest
pitch of the shouted speech is approximately three time high
normal speech. This tripling of the fundamental voice freguency has been cbserved
before in several of the emergency communications analyzed at Bell Telephone
Laboratories.

b

In addition to the pitch analysis, sound spectrographs were made for each utterance
of the five talkers - both normzl and shouted words. Figure 9 shows the spectrosrams
of the talkers for the word “tan." A striking similar i voice rattern zand
speech duration exists for the normal cases. Except { ferent -pitch perio-
dicities (vertical striations) the spectrocrams zar In the series of
shouted spectrcgrams, however, certain covious i cbserved. DEB for
instance shouts with brevity. However, 0CJ grez duration of the
shouted utterance. DJi, RCL, and AMIN are zbout for the shouted
utterance; théir shouted utterance is approximately twice a as-their normzal
speech. RCL's voice nhas a coarse crackling sound while sho

evident in his speech spectrogram.
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CONCLUSION

To summarize, the following main results were obtained from the tests described in

this paper: ’ )

Extreme shouting reduces intelligibility but not as severely as expected
ib

[

from educated guesses. . .
2. Peak clipping restores the intelligibility of shouted speech nearly to that
of unclippred normal speech. .
3. During extreme shouting, pitch frecuencies can triple.
4, Extreme shouting greatly reduces the possibilities of experienced listeners
5

~

correctly identifying the shouter. .
. The addition of noise seems to be the major cause of poor intelliginility.

As far as communication cy 1ts ctrongly. imply th
signal-to-noice ratiocs eit e the prime cause of
intelliginility degradatio ugh shouted speech is
sically lcss int ie t clipping encountere
most commanication 2mS LD than Turther degrade
intelligibllity. aver, reme shouting Jront :duces the chances for su
in identifying the perscn ruaving oLm ¢ ircizdiate on
people should bo trained not to shout during crergencies, but this immediately
that the noise level at the transmitting end brs nov increased. During mosu emer
o tnhat shouting required to exceed the

cles this unfortunately is not the case s is
higher buckiround noise level caused by such things as Tire and explosions.  Porhups
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close-talking and more sensitive microphones should be used to obtain signals with
improved signal-to-noise ratios. A fixed clipping threshold set to clip only shouted
speech would also seem approzriate both to improve the intelligibility of shcuted
speech and to elimirate the distortion encountered with normal speech in most present
communication systems. ’ - : .
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TOTAL RESPONSES

SHOUTED SPEECH

RESPONSE
TALKER| DESB cJ RC DIM AMN TOTAL
0 L _ MN | ERRORS
DEB 138 | | 2
ocJ 140
RCL . 121 3 I5 19
DJM 10 4 16 26
AMN | 23 4 112 28
138 142 155 22 143 — 700
NORMAL SPEECH
RESPONSE
| TALKER! DEB 0CJ RCL DJM | AMN TOTAL
! ERRORS
DEB 60 4 27 26 23 80
ocJ | 28 | © | 4 12
RCL 60 6 25 28 21 115
DJM 13 8 .57 34 28 106
AMN 2 20 30 14 74 66
136 166 145 103

I50 — 700
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| BRTH |BRD BRSS N | 1 LAY LAME [LRNE
‘ @ BACK |BAT BAN LRCE ([LARTE |LRKE
5 BERCH [BEAN |BERK 3 {o [Ma1__[wee  |uass
) BERT BERM 3ERD MAN MRTH HAD
3 BUT  |BUG  |BUFF 13 PACE |PARY eAVE
BUCK |suUN  [BUS PANE |PRLE |PAGE
y CAKE |CRPE |CAVE 1y PATH |PAD  |PRCK
. lcase |cRME  |cAnE PAN  |PRSS |PAT
c cul  fcus  cue |5 - PEAS |PERCE |PEAK
CUFF  [cu  [cuss PEAL |PERT |PEACH
DIG Olk CILL °IG PIT 21CK
6 : 16
DIM pIP oiD PIN PILL |PIP
7' . louck |oud DUN - 17 PUN PUFF  |PUP
OUB  |BUNG |DUG PUCK |[Pua  |Pus
8 F12z  |FIG FIN 18 RRZE |RATE |RAKE
FIT FILL |FIB : RAY |RAVE |RACE
g HERR |HEATH |HEAT ' 19 SALE |SENE  |SAVE
HERVE [HERL |HERP . SEKE |SRIE  |SArE
: . KING  |KIT KID saP  |sao  |SAT
3 10 - 20 e
% KILL  [KIW KICK SRG - |sAcK  IsAss

Fig. 1: Listener response form. The subject checks which word he thinks he heard
from the six. - '
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Fig. 2: Recording facility.
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NOISE
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TYPE 8118

Flg. 3: Block diegram of eqhipment usced for stimulus generciien.
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NORMAL SPEECH
(MICROPHORE | CM. FROM LIPS)

|
|
I00f— 30dB e |
S/N o —— T~ ——— 98.2 %)
o — 4.\\\ | =———— (95.0 %)
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90— CLIPPED
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O dB //// \
S/N © N '
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Zz 70}
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o
a .
o 60—
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T 7N
e / N
Z -10 ¢B / \\e
50 |—
‘ S/N // . (47.0 %)
//
‘\- /
40}- N
~
30 f—
i | ] I
MS DH RL RP
LISTENER

Fig. 4: Intelligibility scores (percent of words heaTrd correctly) for normal speech.
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5 PEAK CLIPPED - :
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e
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| | | I
MS DH RL RP
LISTENER
Fig. 5: Intelligibility scores for shouted speech.
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Fig. 7: Talker identification resuits.
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- BARS INDICATE MAXI:iUM AKD HINIMUM
DOTS INDICATE AVERAGES

© Fig. 8: Fundamental
speech.
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frequencies or pitch for zll five talkers for normil and shouted
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TAN (SHOUTED SPEECH)
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