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1.1

(] 1. INTRODUCTION

A Residual Excited Linear Prediction (RELP) codec (coder/decoder) real-time
hardware simulator has been developed recently with funding from the Communi-
cations Research Centre (CRC). It 1is believed to be the first of its kind
built in Canada. The simulator permits real-time evaluation of RELP coded
speech at various data rates, in particular, 4.8 and 9.6 KBPS. It also pro-
vides flexibility to fine tune the original INRS (Institut National de la.
Recherche Scientifique) developed RELP algorithm through simple firmware
changes. Preliminary laboratory testing of RELP coded speech at 4.8 KBPS has
revealed that speech quality ‘is judged to be very intelligible and of good
quality. . In addition, the robustnhess of the RELP algorithm to background
noise makes it particularly attractive for military and law enforcement appli-
cations. :

In the military environment, mechanical noise in the background is frequently
encountered. The popular Linear Prediction Codecs (LPCs) performs poorly in
the .presence of periodic noise because it interfers with the pitch extraction
process. .This report attempts to measure the intelligibility of RELP coded
speech and its robustness to periodic noise quantitatively through the help of
Diagnostic Rhyme Test (DRT). Real-time simulation of alternate high frequency
regeneration methods on the hardware simulator are also included in this study
to realize a more economical implementation of the RELP codec.

00-3058-R00
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2.1

RELP REAL-TIME siMULATIONs"

2.1 Res1dua1 Regenerat1on Through Sample Position Perturbat1on

The primary source of error in the 9.6 KBPS RELP codec is the reconstruc-
tion of the fullband residual from the baseband residual. This can be
demonstrated by using unquantized residual and predictor, which gives
very little improvements in speech quality over 9.6 KBPS RELP.

A paper presented by R. Viswanathan [1], claimed that a spectral folding
high. frequency regeneration techn1que produced higher speech quality than
the rectification method used in the RELP. In its simplest form this
method involves inserting four zeros after each baseband signal. This
causes aliasing terms up to 4 kHz to be generated (see Figure 2.1-1).
This simple technique generates objectionable tonal noises.

A perturbation method was described in the paper which masked the tonal
noises. This involved randomly perturbing the baseband residual sample
to the left or right by one sample position. Small samples were pertur-
‘bed with a greater probability than large samples to reduce the chance of
perturbing pitch pulses. The high pass filtered perturbed signal was
added to the 1low pass. unperturbed signal to regenerate the fullband
residual (see Figure 2.1-2).  The random perturbation was accomplished on
the hardware simulator by comparing the absolute value of the sample to
be perturbed with a random signed number between -1/8 and 1/8. The ran-
dom number is extracted from bits truncated in an arithmetic operations.
If the sample was greater than the -random number, no perturbation was
performed, otherwise, the sample was perturbed to the left or right based
on a random bit. Th1s generates a conditional probab111ty of perturba-
tion as a function of input sample amplitude given in Figure 2.1-3. The
perceived quality of the processed speech was about the same as the rec-
tification method. A 30% reduction in processing resource may be ob-
tained in the synthesis processor ‘using this method.. If the perturbed
residual was fed into the predictor directly without the low and high
frequency paths suggested in the paper (Figure 2.1-4), a further 40% or a
total of 70% of the processing resource may be saved in the synthesizer
without affecting the subjective quality of the RELP coded speech.

A small}nUmber of diagnostic rhyme tests were performed to see if this
a1gor1thm had the same intelligibility as RELP. The perturbation algo-
rithm in Figure 2.1-4 is referred to as "PERT" in the rest of this re-
port. : :
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2.2

2.2 5-Bit Adaptive Residual Quantizer for 9.6 KBPS Simulation

The existing muldem s1mu1ator f1rmware implements a 2-bit adaptive resi-
dual quanitzer which generates 64 bits of residual data for each 20 msec
speech frame. These residual data together with the quantized reflection
coefficients (22 b1ts) and housekeeping overhead (10 bits) produce 96
bits of information per speech frame at a rate of 4.8 KBPS. Through the
use of a 5-bit adaptive residual quantizer, the information rate will be
doubled to 9.6 KBPS. It is expected that the quality of RELP coded
speech with 5-bit residual quantization will be perceptibly indistin-.
guishable from that of RELP coded speech without residual quant1zat1on

An adaptive quant1zerA1s one whose step size An is updated every time an
input sample Xn is received. The step size is updated according to the
following equation:

Aoq © QULT(E + 1)5 1A < X' <(i + 1)A and

- n ,
A T 0 < 1 SN-2

Alg e QMLT(N) (N-1)A € n ' [2.1]

where N is half the number of quantizer levels, n is the iteration number
and QMLT(i)‘is a set of N postive~mu1tip1ier constants which are selected
to maximize the signal-to- quant1zat1on noise ratio based on the statisti-
cal property of the quantizer input samples. In addition, the step size

is also bounded between A min and Aoy A mid-tread/mid-rise adaptive

quantizer characteristic [2] is employed accord1ng to Figures 2.2-1 and
2.2-2. The mid-tread quantizer performs like a squelch circuit which
attempts to eliminate any residual noise in the absence of speech energy.

A step size threshold determines which of two quantizer characters (mid-
tread or mid-rise) should be emp]oyed to quantize the current input
sample. The values 1 through N-1 in units of step size are called the
quantizer breakpoints, while the values . 1/2 through (2N 1)/2 are the
quantizer output levels in-units of step size.

In the actual implementation of the 5-bit adaptive quantizer, all signed
numbers have to be scaled down to between -1 and +1 as a result of in-
teger arithmetic performed by the 8086 subsystem. The breakpo1nts and
output Tlevels are therefore normalized by N or 16 resulting in numbers
between -1 and +1. This calls for the establishment of a new step size
parameter FSV which is related to the former step size A as follows:

FSV = 16 + A : | [2.2]

The FSV value is updated in pretty much the same way as A defined in
Equation 2.1. The FSVMN, FSVMX and FSVTH values are chosen to be 10,
1000 and 15 respectively, identical to those used in the 2-bit quantizer.
Other parameters of the 5-bit adaptive quantizer is given in Table 2.2-1.
The set of multiplier constants QMLT was adopted from Jayant [3] and was
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TABLE 2.2-1
MULTIPLIERS
QMLT(1) 0
QMLT(2) 0
QMLT(3) 0
QMLT(4) 0
QMLT(5) 0
QMLT(6) 0
CQMLT(7) 0
QMLT(8) 0
QMLT(9) 1.
QMLT(10)

QMLT(11) 1.
QMLT(12) 1.
QMLT(13) 2.
QMLT(14)

QMLT(15) 2.
QMLT(16)

5-BIT ADAPTIVE RESIDUAL QUANTIZER PARAMETERS

.85
.85
.85
.85
.85
.85
85
.85

NORMALIZED
BREAKPOINTS
’ XQ(1) . 1/16
@) 2/16
XQ(3)  3/16
- XQ(4) 4/16
XQ(s)  5/16
C¥6e)  6/16
XQ) - 7/16
XQ®) 8716
XQ(e)  9/16
XQ(10)  10/16
X1 11716

XQ(12)  12/16
XQ(13)  13/16
xQ@a)  14/16

XQ(15)  15/16

2.3

NORMALIZED
OUTPUT LEVELS
Y/Q(1)  1/32
Y/Q(2) 3/32
Y/Q(3)  5/32
Y/Q(4)  7/32
Y/Q(5)  9/32
Y/Q(6)  11/32
Y/Q(7)  13/32
Y/Q(8)  15/32
Y/Q(9)  17/32
Y/Q(10)  19/32
Y/Q(11)  21/32
Y/Q(12)  23/32
Y/Q(13)  25/32
Y/Q(14)  27/32
Y/Q(15)  29/32
Y/Q(16)  31/32
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optimized for PCM speech.  No perceptible differences in the quality of
RELP coded speech were observed between 5-bit residual quantization and
no residual quantization. A 1isting of the muldem simulator firmware
with a 5-bit quantizer is given in Appendix B2.

In the process of modifying the muldem simulator firmware to accommodate
the 5-bit adaptive residual quantizer, the software error handling rou-
tines were also altered. Up-to-date listings of the muldem simulator
firmware with 2-bit residual quantization and no residual quantization
are given in Appendix B. The muldem simulator firmware periodically
checks software counter and buffer pointer values against their -expected
values and detects arithmetic -overflow conditions to ensure proper firm-
ware operation. In the existing firmware, the residual buffer service
counter is checked against a range of values every time the buffer re-
quires service, i.e., read a residual sample and store its quantized
value back to the buffer. If the service counter value exceeds a maxi-
mum; i.e., too many res1dua1 samples in the buffer are not quantized, it
is poss1b]e for the 8086 CPU to output a residual sample which has not
been quantized. Such an error condition will cause the CPU to stop
processing indefinitely and. flash the double HEX digit LED display (al-
ternating between "00" and "FF"). In the new firmware, such an error
condition will increment the most significant digit of the HEX display
and reinitialize the CPU such that processing may -continue. The existing
I/0 buffer pointer errors cause the CPU to reset the pointer values and
increment the HEX display. As the result of the modification, only the
least significant HEX digit is incremented. Overflow error handling
remains the same as before and will output "FF" to the HEX display.
Under normal operation, the above ‘error conditions will never occur.
However, static discharge or edge connector contact problems can occasio-
nally cause a RAM.error .or noise on the interrupt Tines which will in
turn- produce counter and/or pointer errors.

00-3058-R00 -
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3.1

DIAGNOSTIC RHYME TESTS

t

3.1 Introduction

The Diagnostic Rhyme Test (DRT) is a method for measuring speech intel-
1igibility. The DRT not only measures total intelligibility but also
gives diagnostic scores which measure how well a system preserves six
phonetic features. In this test, 1isteners have to recognize the correct
word spoken out of a pair of words given on the answer sheet. These
paired words differ only in the presence or absence of one of the six
phonetic attributes in the initial consonent.

Diagnostic rhyme tests were performed to measure the effects of RELP
coding at 4.8 KBPS and 9.6 KBPS on speech intelligibility. These tests
were performed with and without the presence of armoured personnel
carrier or helicopter noise.

3.2 Acoustic Signal to Noise Ratio Measurement

Acoustic Signal to Noise Ratio (ASNR) is defined as the ratic of the
average peak power of all the words recorded on the DRT tape (four tests)
to the average power of the background noise in dB. Speech is first band
passed (70-3500 Hz) and the peak power of a spoken word is measured using
a fast responding true RMS (Root Mean Square) to DC converter circuit as
shown in Figure 3.2-1 and 3.2-2. The measured peak RMS voltages of all

words on the DRT tape are listed in Appendix C. The average peak power -

is obtained through summing the square of all peak RMS voltages and
dividing by the total number of words. The type of background noises
used are those -of M113 armoured personnel carrier and the CH147 Chinook
helicopter recorded on CRC supplied tape. The power of these continuous
noises are also measured with the true RMS to DC converter. The power
levels were observed to fluctuate slightly with time (about 2 dB peak-
to-peak). Therefore, five short-term power measurements were made at
different intervals on each noise tape. The average noise power was
computed in a similar fashion as the average word power.

00-3058-R00 -
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3.2

3.3 Preparétion of ihe DRT Tapes

The noise tape and the DRT tape were played by two cassette recorders
(Hitachi DE95). The outputs of the recorders were fed to a summing
ampiifier (Realistic 32-1200) whose output was recorded on a third
cassette recorder (Technics M240X). The average noise power bandlimited
to 700-3500 Hz was adjusted to 10 dB below the average peak word power
(166 mvV RMS). Two recordings being DRT in the presence of helicopter
noise and DRT in the presence of armoured personnel carrier noise were
produced. These noisy DRT recordings and the original high quality DRT
‘recording were played through the RELP: codec real-time simulator whose
output - was again recorded. A total of 40 DRTs with different coding
rates and background noise types were produced and the order of presenta-
tion was randomized ' according to Table 3.3-1. These DRTs were then
broken down into five separate recordings, each consisting of eight
different DRTs. One recording was to be presented to the test subjects
each day to minimize -the effects of fatigue, and possibly, adaptation.

3.4 Test Procedure

The five recordings were presented to four test subjects over a period of
five 'days. The tests were performed in a quiet room, using a Hitachi
DESS5 tape deck and a Vector Research model VR~5000 receiver which drives
a KEF speaker. Two male subjects and two female subjects with English as
their first language were selected. None of them were familiar with RELP
coded speech nor with diagnostic rhyme testing.
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TABLE 3.3-1 SCHEDULE OF TESTS

—
™
v;
~

CODING
RELP 9.6
RELP 4.8
RELP 4.8
RELP 4.8
‘None
RELP 4.8
RELP 9.6
PERT 4.8
RELP 4.8
RELP 4.8
None
None
RELP 4.8
RELP 9.6
None
PERT
None
RELP 4.8
RELP 4.8
RELP 9.6
~ None
RELP 4.8
- RELP 9.6
RELP 9.6
None
RELP 4.8
RELP 9.6
None
RELP 9.6
PERT 8.6
None
RELP 9.6
None
RELP

9.6
PERT 9.6
None
RELP 9.0
RELP 9.6
RELP 4.8
RELP 4.8

a

=Y
-

3.3

BACKGROUND
NOISE

Helicopter
Helicopter
None
Helicopter
Armoured Car
Armoured Car
None

None

Helicopter
None

None
Armoured Car
Armoured Car
Armoured Car
Helicopter
None

Helicopter
Armoured Car
Helicopter
None

None

None
Helicopter
Armoured Car

None

None
Helicopter
Armoured Car
None

None
Helicopter
Armoured Car

None

Nonhe

None
Armoured Car
Helicopter
Armoured Car
Helicopter
None
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3.4

. : '_ 3.5 Analysis of Test Results

'3.5.1 Introduction

The answers given for all the DRTs were entered into a computer.
The use of a computer allowed fast, reliable marking of the tests
and permitted summaries of the scores based on the person taking the
test, coding, background noise and attribute. A1l scores are given
in unadjusted percent correct to allow comparison with INRS results.

- Pc = 100 * (Total - Wrong)/(Total)

The adjusted percent correct score may be obtained from the unadjus-
ted score as follows:

Pa =2 * Pc - 100

3.5.2 DRT Scores and Observations

A summary of the results of the DRTs is given in Table 3.5.2-1. The
DRT scores over the five days of testing showed no trend which would
indicate that the subjects were learning the tests or becoming
better at understanding RELP speech.

, Table 3.5.2-2 gives a summary of the DRT results for the various
. coding methods and -background noises. RELP coding at 9.6 Kbps
results in a 3 percent drop in DRT score over raw speech. Dropping
the data rate to 4.8 Kbps decreases the DRT scores by a further 3
percent. The perturbation algorithm does not perform as well as
RELP. The RELP scores are about 2 to 3 percent higher than the PERT
scores. . The perturbation algorithm perturbs the Tow frequencies as
well as the high frequencies in the residual. This may have caused
the lower score in the graveness attribute which is mostly respons-
ible for the score differences. In the presence of armoured
personnel carrier noise, 9.6 Kbps RELP coding is only marginally
affected (-2%) while 4.8 Kbps RELP has a 5 percent reduction in
score (Figure 3.5.2-2). Figure 3.5.2-3 shows that RELP coded speech
at 4.8 Kbps is just about as intelligible as that at 9.6 Kbps in the
presence of helicopter noise. This would suggest that 4.8 Kbps RELP
coding may be adequate for noisy environment applications in spite
of the fact that 9.6 Kbps RELP coding is judged to be more accep-
table.

Of the six speech attributes of speech measured in the DRTs, susten-
tion and graveness have the Towest scores for the various coding and
noise conditions. RELP coding has the greatest difficulty with the
sustention attribute, often causing no sustention attribute to be
heard in the coded speech when it was actually present in the orig-

00-3058-R00




3.5

inal speech. | This causes words 1ike "sheet" to be coded Tike
"cheat". The bias added to speech is summarized in Table 3.5.2-3.

Since the words in the DRTs varied by greater than 12 dB in ampli-
tude, an attempt was made to see if this affected the scores.
Table 3.5.2-4 shows that there is less than one dB difference among
the average powers of words in each attribute. This suggests that
it is unlikely that the difference in scores among attributes is .
caused by different signal to noise ratios. There is no trend of
decreasing score with increasing noise levels, Table 3.5.2-5. This
is 1ikely due to the fact that the difference in difficulty among
the word groups has a greater effect on the score.

Table 3.5.2-6 shows the standard errors of the DRT scores among the
four test subjects. In all cases, the standard errors are less than
about 3 percent. This may suggest that there is no great variation
in test scores among subjects. = - -
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TABLE 3.5.2-1 DRT SCORES BY PERSON AND TIME OF TEST
PERCENT CORRECT DIAGNOSTICARHYME SCORES

Score as a function of person and time of test

3.6

. - BACKGROUND :
DAY PART TEST CODING NOISE ALVA  LYNNE PETER WOLF  AVERAGE

1 1 1 RELP 9.6 Helicopter 85 94 88 88 89
1 2 2 RELP 4.8 Helicopter 83 81 83 92 85
1 3 3 RELP 4.8 None 90 90 90 90 90
1 4 4 RELP 4.8 Helicopter 77 85 81 92 84
1 5 3 None Armoured Car 96 92 a8 96 95
1 6 2 RELP 4.8 - Armoured Car 85 81 85 90 85
1 7 1 RELP 9.6 None 96 96 98 98 97
1 8 4 PERT 4.8 None 94 88 92 94 92
2 1 3 RELP 4.8  Helicopter 88 79 81 90 84
2 2 2 RELP 4.8 None 94 92 94 100 95
2 3 1 None None . 100 100 100 100 100
2 4 4 None _Armoured Car 98 98 98 96 97
2 5 3 RELP 4.8 Armoured Car 85 90 83 94 88
2 6 4 RELP 9.6 Armoured Car 96 96 90 96 94
2 7 1 None Helicopter 100 98 98 100 99
2 8 2 PERT 4.8 None 92 90 88 90 90
3 -1 2 None Helicopter 94 .98 100 98 97
3 2 1 RELP 4.8  Armoured Car 90 90 94 94 92
3 3 4 RELP 4.8 Helicopter 90 85 90 81 86
3 4 3 RELP 9.6 None 96 92 96 94 94
3 ) 2 None None 98 100 100 100 99
3 6 1 RELP 4.8 None 94 . 92 94 94 93
3 7 4 RELP 9.6 Helicopter 92 79 94 88 88
3 8 3 RELP 9.6 Armoured Car 81 90 94 96 90
4 1 4 None None 100 100 a8 100 99
4 2 3 RELP 4.8 None 85 88 92 9 90
4 3 2 RELP 9.6 Helicopter 88 88 88 92 89
4 4 1 None Armoured Car 100 96 100 98 98
4 5 2 RELP 9.6 None 96 96 96 98 96
4 6 3 PERT 9.6 None 90 90 94 96 92
4 7 4 None Helicopter 100 100 96 94 97
4 8 1 RELP 9.6 Armoured Car 100 98 100 96 98
5 1 3 None None 100 96 100 98 a8
5 2 4 RELP 9.6 None 98 94 96 98 96
5 3 1 PERT 9.6 None 94 90 96 98 - 94
5 4 2 None Armoured Car 96 100 98 100 a8
5 5 3 RELP 9.6 Helicopter 88 83 88 90 87
5 6 2 RELP 9.6 Armoured Car 92 96 92 92 a3
5 7 1 RELP 4.8 < Helicopter 96 88 94 9% - 93
5 - 8 4 RELP 4.8 None 94 100 96 94 96
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3.7

TABLE 3.5.2-2 DRT SCORES BY ATTRIBUTE

PERCENT CORRECT DIAGNOSTIC RHYME TEST SCORES
Score as a function of attribute

CoM-
BACKGROUND : SUSTEN-  SIBILA-  GRAVE- PACT-
CODING NOISE VOICING  NASALITY TION TION NESS  NESS TOTAL

None None 99 100 99 100 98 100 99
None Armoured Car 98 100 94 100 95 98 97
None Helicopter 100 100 96 100 92 100 98
. RELP 4.8 None 95 100 83 93 86 99 93
RELP 4.8 Armoured Car 91 96 82 83 83 95 88
RELP 4.8 - Helicopter 93 95 68 90 81 93 87
RELP 9.6 None g7 100 91 95 94 99 96
RELP 9.6 Armoured Car 98 100 83 93 92 97 94
RELP 9.6 Helicopter . 95 97 71 . 86 84 95 88
PERT 4.8 None 97 98 88 91 77 94 91
PERT 9.6 None 98 100 86 91 84 100 93
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TABLE 3.5.2-3 BIAS

IN DRT SCORES

3.8

BACKGROUND . SUSTEN- SIBILA- GRAVE- COMPACT-
CODING NOISE VOICING  NASALITY TION TION NESS NESS
None None 2 0 -2 0 -5 0
None Armoured Car 5 0 -3 0 0 5
None Helicopter 0 0 -1 0 0 0
RELP 4.8 None - 10 0 -18 -8 -6 2
RELP 4.8 Armoured Car 18 -5 =17 -13 0 -3
RELP 4.8 Helicopter 6 -7 ~-18 -8 5 0
RELP 9.6 None 7 0 -16 -6 3 2
RELP 9.6 Armoured Car 4 0 -28 -15 0 0
RELP 9.6 Helicopter .3 -3 -5 -9 4 -3
PERT 4.8 None 4 -19 ~10 -13 -4
PERT 9.6 None -4 0 -21 -9 -6 0
NOTE: The above scores are the difference between the percent correct with

the attribute present and the percent correct with the attribute ab-
sent. A positive number indicates that the attribute is heard when

. it is not present.
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TABLE 3.5.2-4 AVERAGE WORD POWER VERSUS ATTRIBUTE

- ATTRIBUTE

VOICING
NASALITY
SUSTENTION
SIBILATION
GRAVENESS
COMPACTNESS
OVERALL AVERAGE

AVERAGE

RMS VOLTAGE

163.94
161.29
167.22
168,92
160.09
178.19
166.72

3.9

POWER
DEVIATION

(dB)

-0.15
-0.29
0.03
0.11
-0.35
0.58
0.00
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3.10

TABLE 3.5.2-5 DRT SCORES AS A FUNCTION OF SIGNAL TO NOISE RATIO

BACKGROUND 1 4 7 10 13 16 19 NO
d

CODING NOISE d8 d8 dB dB dB dB dB NOISE

None None - 99

None Armoured Car - 100 97 97 97 2100

None Helicopter 100 94 - 99 98 1?2100

RELP 4.8 None 93

RELP 4.8 Armoured Car 93 84 89 89

RELP 4.8 Helicopter 92 78 90 88 ? 94

RELP 9.6 None 3 ‘ 96

RELP 9.6 Armoured Car 98 91 96 94 ? 92

RELP 9.6 Helicopter 89 85 90 87 1?2100

PERT 4.8 None : . 91

PERT 9.6 None | | e
"PERT 9.6 None » 93

NOTE:  No entry in table if less than 10 sample points. A '2' pre-

cedes scores with less than 48 samples.

- 00-3058-R00



CODING

None
4None
None

RELP 4.
RELP 4.
RELP 4.

RELP 9.
RELP 9.
RELP 9.
PERT 4.

PERT 9.

B2 B v o] [ezMer oy o 00 0

BACKGROUND

NOISE -

None _
Armoured Car
Helicopter

None
Armoured Car
Helicopter

" None

Armoured Car
Helicopter

None

Nonhe

AVERAGE

SCORE

@

99.
.40
97.

97

92

35
91

.60
88.
86.

38
26

.9
50
02
.63

.23

TABLE 3.5.2-6 DRT SCORES AND STANDARD ERRORS

STANDARD
ERROR

(%)

oTCoO

HoEEE o

.23
.73
.46

3.11
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3.12

3.5.3 Comparison With- The INRS Results

Nakatsui et al [4].gives results of DRTs performed on an earlier
version of the RELP Algorithm developed at INRS. The INRS RELP
algorithm was simulated on a PDP-11 minicomputer. It has several
differences from the current hardware implementation, such as the
use of floating point instead of integer arithmetic; interpolation
of the predictor coefficients between frames, to avoid abrupt ampli-
tude - changes at the frame boundary; use of two residual gain para-
meters and several other small differences. It is not known if the
same speaker was used for the INRS DRTs. Despite these differences,
the DRT scores for the two implementations were remarkably similar
with three exceptions.

The hardware implementation has Jower scores on the sustention

attribute (Figure 3.5.3-1). This could be due to the changes in the
algorithm such as the removal of predictor coefficient interpola- -
tion, or the use of a different speaker on DRT recording.

The overall scores in the presence of noise were higher for the
hardware implementation than the INRS software simulation
(Figure 3.5.3-2). One explanation for the difference is attributed
to the fact that white noise was used by INRS instead of periodic
noise used in this study. The high peak-to-average power ratio in
white noise could have impaired normal hearing to a greater extent
than the periodic noises of equal power levels. Such a phenomenon
manifested itself in the score discrepancy between helicopter noise
and armoured personnel carrier noise. The DRT scores in the pre-
sence of helicopter noise were generally lower as a result of a
higher peak-to-average noise power ratio. Subjectively, noise with
a higher peak-to-average power ratio sounds more abrupt and annoy-
ing. :

The scores for the uncoded speech were higher in this report than
those described in INRS (Figures 3.5.3-3 and 3.5.3-4). The uncoded
speech data base used by INRS was band-limited to 3.2 KHz but not in
this study. Another reason for the inconsistency could be due to
speaker dependence.
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4.1

4. CONCLUSIONS

Diagnostic Rhyme Tests have been performed on the RELP coded speech using the
RELP codec real-time hardware simulator. RELP coding at 4.8 Kbps and 9.6 Kbps
together with an alternate full-band residual regeneration method have been
simulated. The effects of helicopter noise and armoured personnel carrier
noise on RELP coded speech are also measured.

Intelligibility as measured by the Diagnostic Rhyme Tests is 96% for RELP
coded speech at 9.6 Kbps and 93% for RELP coded speech at 4.8 Kbps. These
represent, respectively, a three and six percent degradation over uncoded
speech. Further, 9.6 Kbps RELP coding is only degraded marginally by two
percent in the presence of armoured personnel carrier noise while 4.8 Kbps
RELP coding is degraded by as much as five percent. RELP coding at 9.6 Kbps
and 4.8 Kbps have almost equal intelligibility in the presence of helicopter
noise. This may suggest that 4.8 Kbps RELP coding is adequate for applica-
tions in noisy environment.

.The new full-band residual regeneration method (PERT) scores two to three
percent lower than the rectification method proposed by INRS although speech

quality is judged to be slightly more acceptable. It is therefore possib]e to
tradeoff minor performance degradat1on for a seventy percent reduction in the
amount of synthesizer processing.

In spite of the various simplifications in the hardware simulation, results

are remarkab1y similar to the INRS software simulation. A 1.5 percent reduc-

tion 1in DRT score has been observed on the hardware RELP simulation at
4 8 Kbps.
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~ APPENDIX A |
SYNTHESIS SIGNAL PROCESSOR FIRMWARE LISTINGS
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Al.

A.1

. APPENDIX A
SYNTHESIS SIGNAL PROCESSOR FIRMWARE LISTINGS

RESIDUAL REGENERATION THROUGH INTERPOLATION OF LOW PASS COMPONENT BY ZERO
AMPLITUDE INSERTION, AND SAMPLE POSITION PERTURBATION OF HIGH FREQUENCY

COMPONENT ' .
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. S A.2

; ‘ A2. RESIDUAL REGENERATION THROUGH INTERPOLATION OF LOW PASS COMPONENT
X . BY ZERO AMPLITUDE INSERTION, AND SAMPLE POSITION PERTURBATION
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» APPENDIX B
MULDEM SIMULATOR FIRMWARE LISTINGS
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APPENDIX B

MULDEM SIMULATOR FIRMWARE LISTINGS

Bl. 2-BIT ADAPTIVE RESIDUAL QUANTIZER

B.1
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B.2

: ‘ ‘B2.  5-BIT ADAPTIVE RESIDUAL QUANTIZER
N
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s | .

B3.

NO RESIDUAL QUANTIZER

B.3
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APPENDIX C
DESCRIPTION OF THE ORIGINAL DRT TAPE SUPPLIED BY CRC
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C.1

|  APPENDIX C
'DESCRIPTION OF THE ORIGINAL DRT TAPE SUPPLIED BY CRC
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ANSWERS TO DIAGNOSTIC RHYME TESTS 28-0ct-1982

Fade 1
. Warn LEFT - RIGHT ' FEAK STRENGTH FOMER
TEST NUMEER " WORD WORD ANSWER ATTRIRUTE {(milivolts) (dE)}

01 ROR GOB

1 3 7 231 3
1 02 DAUNT TAUNT 1 1 187 0
1 03 MOOT - ROOT 2 2 130 -3
1 04  SHEET CHEAT 2 3 091 -4
1 05  JAE GAE 2 4 176 0
1 06  FOT TOT 1 5 231 3
1 07  GHOST EOAET 1 6 185 0
1 08 RILL NILL 3 7 154 0
1 09 ZED SAILD 2 1 158 0
1 10 GNAW AW 1 2 205 3
1 11 SHOES CHOOSE 1 3 111 -3
1 12 CHEEFP KEEF 2 4 083 -6
1 13 EBANK DANK 1 5 146 0
1 14 60T 10T 1 6 209 3
1 15 ROSE NOSE 3 7 139 -3
1 16 DINT TINT 2 1 099 -6
1 17 NECK DECK 2 2 190 0
1 16 THONG TONG 1 3 205 3
1 19 CHEM Coo 2 4 130 -3
1 20 WEEL REED 1 5 068 -9

‘ 1 21 SHAG SAG 2 6 222 3

) 1 22 KNOE ROE 3 7 195 0
1 23 VOLE FOAL 1 1 127 -3
1 24 NIF DIF 2 2 150 0
1 25  FENCE FENCE 2 3 086 -6
1 26 GAW THAW 1 4 214 3
1 27 POOL TOOL 2 5 110 -3
1 28 YIELD WIELD 1 6 104 -3
1 29 GNAT RAT 3 7 153 0
i 30 cooT TOOT 3 7 116 -3
1 31 EOND FONI! 1 1 189 0
1 32 MOAN EONE 1 2 159 0
1 I3 VILL BILL 2 3 137 -3
1 34 JEST GUEST 2 4 165 0
1 35 FOUGHT THOUGHT 1 5 244 3
1 36 COOF FOOF 1 6 098 -4
1 37 NEAF REAF 3 7 075 -6
1 38 VAST FAST 2 ! 178 0
1 39 KNOCK OCK 1 2 186 0
1 40  THOSE 0ZE 2 3 210 3
1 41 SING THING 2 4 148 0
1 42 MET NET 2 5 156 0
1 43 CAUGHT TAUGHT 1 6 283 6
1 44 NUDE RUDE 3 7 131 -3
1 45  BEAN - PEEN 1 1 125 -3
1 46 MAD BA 1 2 165 0
1 47 VOX BOX 2 3 303 6

o 1 A8 JOE 60 2 4 210 3

' 1 49 BID DIb 2 5 160 0
1 50  YEN WREN - 2 6 138 -3
1 3 7 287 6

91 ROT NOT



ANSWERS TD DIIAGNOSTIC RHYME TESTS ‘ 28-0ct-1982

Fage 2
o WORD LEFTY RIGHT : PEAK STRENGTH FPOWER
' . TEST NUMEER - WORD WORDY ANSWER  ATTRIBUTE (milivolts) (dR)
1 52 200 SUE 1 i 152 Q
1 53  NEED DEEL i 2 091 -6
1 94 THAN ~ DAN 2 3 147 0
1 595 CHOP Cof 2 4 264 3
1 56 FORE THOR 2 9 171 0
1 57 HIT FI17 2 4 igl 0
1 o8 NEST REST 3 7 199 3



WORD

- TEST NUMEER

FIN MM RIS M PRI R PRI PRI FPI R IR I B R I RI PI PRI PI PRI P PRI PO p3 B3 PRI PI BI RI PO PRI RS P BRI BRI PI PO BI PO BT - R3

01
02
03
04
05
06
07
08
05
10
i1
12
13
14

S &

16
17
18
19
20
21
22
23
24
25,
74
27

28

29

30
31
32
33
34
35
36
37
38
39
40

41
42
43
44
45
44
47
A8
49
50

ol

- LEFT
MORD

- FEST

VAULT
NEWS
VEE
SANK
Wal

© SHOW

RIF
DENSE
MOS8

. FOO

ZEE
FAD
HOF
ROAD

BIN

MEND
SHAW
JUICE
FEAK
GAT
NOT
BOAT
MWIT
THEN -
JANS

- HMOON

KEY

_RAF

FAN
JOCK
NOTE
THICK

‘CHAIR

RONG
YOu
WREATH

. BAFF

HOH
THOUGH
JILT
FENT

CYAWL

ROOSE
VEAL
NAE
VON
SOLE
FIN
KEG
GNAW

ANSWERS ‘TO IIAGNDSTIC RHYHE TESTS

RIGHT
ORI

TEST. -
FAULT
HUES
BEE
THANK
ROIv
80 .
NIF
TENSE .
EOSS
FOO
THEE
THAD
FOR -
NORE
CHIN .
BEND
CHAW
GO0OSE
TEAK
BAT
ROT .
COAT
KIT
‘DEN.
GAUZE
NOON
TEA
NAF
AN .
"CHOCK
DOTE
TICK
CARE
IONG
RUE-
NEATH
CALF
BONE
IOUGH
GILT
TENT -
WALL
NOOSE
- FEEL
AR
RON
THOLE
THIN
FEG
RAUW

ANSWER

G b bbb s B P G R B b R R bt G BN ORI R et B 1S O G B s BT e b 1 O ke NI e BT g G R R R RN G RO N e e e RO

ATTRIRUTE

SO~ U B D p—t\l&(.ﬂbe'Ji-*\l&mbmr-Jt—b\l\]&mbMMb—-\l&‘Q"buml—h\iO\mb[{JN“'\l&U'l-bbJP'JH"\t

28-0ct-1982

Fage 3

FEAK STRENGTH FOMER

(milivolts)

194
248
094
123
155
230
175
133
112
233
127
108
208
262
175
116
117
214
094
094
175
235
151
131
125
197
089
080
184
180
188
162
142 .
128
193
122
096
1463
194
189
166
120
223
166
133
170
196
147
125
131
199

(dE)
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ANSWERS TO DIAGNOSTIC RHYNE TESTS - 28-0ct-1982

Pade 4
WORD LEFT RIGHT FEAK STRENGTH FOWEK
. TEST NUMEER WORD WORD ANSWER  ATTRIBUTE  (milivolts)  (dE)

2 52  DUNE TUNE 2 1 095 =&
2 53 MEAT REAT 2 2 076 - &
2 54 SHAD CHAD 1 3 151 0
2 55 JOT 60T 1 4 199 -3
2 56 kOWL DOLE 1 5 148 0
2 57 - BILL DILL 1 b 121 -3
2 58 RED “ NED 3 7 116 ‘ -3




(NENENRARARARNENENEAENEANNEANAN AN NEA AN AN AN AR AR AR AR AR R AR AR R R AR A e e e Rl

WORD
TEST NUMEER

01
02
03
04
05

04

07
08
09
10
11
12
13
14
15
16
17
18
19
20

21

oan

23
24
25
26
27
28

29.

3¢
31
32
33
34
39
34
37
38
39
40

41

42
43
44
45
a6
47
48
49
50
51

LEFT
WORD

- BOR

DAUNT
MOOT
SHEET
JAR
FOT
GHOST
RILL
ZED
GNAW
SHOES
CHEER
RANK
GOT
ROSE
DINT
NECK
THONG
CHEW
WEED
SHAG
KNOE
VOLE
NIF
FENCE
Sau
FoOL
YIELD
GNAT
cooT
EOND
HMOAN
VILL
JEST
FOUGHT
COOF
NEAF
VAST
KNOCK
THOSE
SING
MET

CQUGHT"

NULE

_HREAN

MAD
VX
JOE
EID
YEN
ROT

ANBWERS TOD DIAGNOSTIC RHYHME TESTS

RIGHT
WORD

GOE
TAUNT
ROOT
CHEART
GAR
TOT
EOAST
NILL
SAIIN
IAl

CHOOSE .

KEEF
[IANK
noT
NOSE
TINT
LECK
TONG
Ccao
REEL
SAG
ROR
FOAL
hip
FENCE
THAW
TOOL
WIELD
RAT
T007
FOND
RONE
EILL
GUEST
THOUGHT
FOOR
REAF
FAST
poCK .
B0OZE
THING
NET
TAUGHT
RUNE
FEEN
RAD
ROX
GO
In
WREN
NOT

ANSWER

Cof Pt e bt et B R T B R e b B ] B R M ket B3 R G Caf BI bt BT e 4 b D bt B e B e ) BRI B R R BT e O P BT b e e DD G

ATTRIBUTE

NN S LI e NS DGR O R N NS U D R N O UM R N0 DI = N TSN

28-0ct-1982

Fade S

FEAK STRENGTH
(milivolts)

253 .
199
113
062
125
192
162
111
121
217
097
077
118
182
147
103
133
183
095
096
174
217
139
128
115
222
118
124
180
119
203
158
164
158

=
225

181
118
186
198
175
111
110
228
132
072
170
24%
179
117
098
209

FOWER
(dR)
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ANSUERS TO DIAGNDSTIC RHYME TESTS 28-0ct-1982

Page &
WORD LEFT RIGHT PEAK STRENGTH FOWER
: . TEST NUMBER WORD NORI: ANSWER  ATTRIEUTE  (milivolts) (dB)
3 52 200 SUE ) 1 127 -3
3 53 NEED DEED 2 2 084 -6
3 54 THAN DAN 1 3 138 3
3 55 CHOF COF i 4 201 3
3 54 FORE . THOR 1 5 165 0
3 57 HIT FIT i 3 137 -3
3 58 NEST REST 3 7 162 0



TEST NUMEER

.b-b'-b-b-b-b-b-b.b-b.bbbbbrbbbbbbbbb»b»bbbbbbb.bbbbbbbbb&&b&b&b&

WORD

01
02
03

- 04

03
06
07
08
0%
10
11
12
13
14
15

16

17

18 .

19

20

21 -

22
23
24
29
26
27
28
29
30
31
32
33
34

33

36

37
38

39

40
41
42
43

44
45
46
47

48

49

- 50
51

'ANSHERS‘TO.DIAGNOSTIC RHYME "TESTS

LEFT
WORD -

FEST
VAUL T
NEWS
VEE
SANK
AT
SHOW
RIF
DENSE
KOSS
FOO
ZEE
FAT

- HOF

ROAD
GIN
MEND
SHAW
JUICE
PEAK

. BAT

NOT
GOAT
HIT

-THEN

JAKS
MOON
KEY
RAF
FaN
JOCK
NOTE
THICK
CHAIR
BONG
YOUu

. WREATH
 BAFF

HOM
THOUGH
JILT
FENT
YAWL
ROOSE
VEAL
NAE

-VON

SOLE
FIN
KEG
GNAW

RIGHT
WOR

TEST
FAULT
UES
EEE
THANK
ROD
80
NIF .
TENSE
ROSS
FOO
THEE
THAD
FOF

- NORE
~ CHIN

BEND! -

' CHAW -

GO0SE
TEAK
BAT
Riv

COAT

RIT

TEN
" GAUZE

NOON.-

- TEA

NAF
FaN
CHOCK
LOTE -
TICK
CARE
[ONG

RUE

NEATH

‘CALF

ROME -
BOUGH
GILT
TENT
Wall
NDOSE
FEEL
LB
BON
THULE
THIN
FEG
RAW.

28-0ct-1982

Fade 7

FEAK STRENGTH

ANSWER  ATTRIBUTE (milivolts)

MFJMI“'-JMP“l-.-ll'.v-lbd-’-;'_h..Jf‘Jl—d-l’-Jr_.Jl—"h-l-l’dMP‘!—‘NN'—‘PJHP-‘J"JI—HLMhJ“‘?'f-J""r-J'f'?'l’.-J""'l—‘-N'l—‘-""F.JNF—“‘"P-JNPJ"‘M

‘N&mbul‘o)—ﬁ\d&wbwNP‘\IO*LII&L.JY'JI—*\I\!D*UI&[,JFJ#'.\ImLﬂbNMH'\‘l&Lﬂbbe’Jl—‘-\leﬂ'l.bNhJH\l

216
243
120
113
144
131
156
156
104
236
126
135
208
256
126
092

119
203
133
095
187
216
182
151
118
240
091
095
167
192
294
189
197
186
232
136
088
201
217
201
179 -
141
239
138
127
177
218
179
126
203
257

FOMER
(dB)

. I
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ANSWERS TO DIABNOSTIC RHYME TESTS - 28-0ct-1982

Fade 8

_ WORD LEFT RIGHT FEAK STRENGTH FOWER
‘ . TEST NUMEER WORD . WORD ANSWER - ATTRIBUTE (milivolts) (dR)
-4 52 DUNE TUNE i i 152 o0

4 53 - MEAT BEAT i 2 087 - &

4 54 SHAD CHaAD 2 3 153 0

4 99 JOT GOT 2 4 241 3

4 56 ROWL DIOLE 2 ) 208 3

4 - 57 GILL DILL 2 & 187 0

4 o8 RED NED 3 7 187 0
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APPENDIX D
LIST OF WRONG ANSWERS

00-3058-R00



CODING

None
None
Norne
None
Norie

BACKGROUND

None
None
None
None

Nonme

SUMHARY OF ERRDRS FOR DIAGNOSTIC RHYME TESTS

NOISE -

‘FERBON

LYNNE

LYNNE
FETER
ALVA
WOLF

LEFT
WORI

DAUNT
VoX
FAD
FIN
FORE

RIGHT
WORL

TAUNT

EOX
THALD

THIN
THOR

28-0ct-1982
Fade 1

ATTRIRUTE REFLY

ol oL e

Left

Right
Right
Right
Right



CODING

None
None
None
None
None
None
None
None
None
None
None
None
None
Nore
None

None
None

None
None
None

SUMKARY OF ERRORS FOR DIAGNOSTIC RHYME TESTS

EACKGROUND

NOISE

“Armoured

Arnoured
drmoured
Armoured
Armoured
Armoured
Armoured
Armoured
Armoured
Armoured
Armoured
Armourenq
Armoured
Armoured
Armoured
Arnoured
Armoured
firmoured
Armoured

‘Armoured

Car
Car
Car
Car
Car
Cer
Car
Car
Cer
Cer
Car
Car
Carv
Car
Car
Car

Car -

Car
Car
Car

FERSON

WOLF
LYNNE
FETER
ALVA
ALVA
WOLF
LYNNE
ALVA
FETER
LYNNE
ALVA
FETER
WOLF
WOLF
LYNNE
LYNNE
WOLF
LYNNE
ALVA
LYNNE

LEFT
WORD

BOND
DAUNT
DAUNT
SHAL
THOSE
VEE
VEE
VEE
VEE
VILL
voX
FIN
FIN -
FORE
HET
HET
MET
CAUGHT
KEG
SHAG

RIGHT
WORI

FONI
TAUNT
TAUNT
CHAL
DOZE
FEE
EEE
BEE
HEE
BILL
EOX
THIN
THIN

 THOR

NET
NET
NET
TAUGHT

FEG

SAG

28-0ct-1982
Fade 2

ATTRIRUTE REFLY

O o O 07 N LA LR LN G 63 Gd O] Gl O Gl B e b e

Left
Left
Left
Right
Right
Left
Left
Right
Left
Right
Right
Right
Left
Right
Left
Neither
Left
Neither
Neither
Left



CODING

None
None
None
None

None

None
None
Hone
Norne
None
None
None

SUMMARY OF ERRORS FOR DIAGNOSTIC RHYME TESTS

BACKGROUNI

NDISE

Helicorter

Helicorter -

Helicorter
Helicoster

Helicorter

Helicorter
Helicorter
Helicorter
Helicorter
Helicorter
Helicorter
Helicorter

LEFT
WORD

FERSON
ALVA - SHAL
LYNNE SHOES
WOLF VEE
FETEK VEE
WOLF FAD
ALVA FAD
LYNNE FIN
WOLF FiN
WOLF. FIN
FETER FIN
ALVA FIN
FETER NET

" RIGHT

WORD

CHAD
CHODSE
REE
HEE
THAD
THAD
THIN
THIN
THIN
THIN
THIN
NET

28-0ct-1982
Fade 2

ATTRIRUTE REFLY

[N B A A IR T PR 2

Right
Right
Left
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-None
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None
None
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FERSON

LYNNE
ALVA

LYNNE
LYNNE
FETER
VILF

FETER

- PETER

LYNNE
ALVA
LYNNE
FETER
WOLF
FETER
ALVA
ALVA

© LYNNE

WOLF
ALVA
ALVA
WOLF
aLVA
LYNNE
LYNNE
WOLF
ALVA
ALVA
LYNNE
ALVA
LYNNE
FETER
WOLF
WOLF
FETER
ALVA
LYNNE
WOLF
FETER
FETER

LYNNE

LYNNE
PETER
WOLF
WOLF
FETER
ALVA
FETER
ALVA
WOLF
LYNNE
ALVA

LEFT
WORD

DAUNT
GIN
GOAT
VOLE
VOLE
VOLE
UOLE
200
FENCE
SHADl
SHAD
SHAD
SHAW -
SHAY
SHAY
SHOES
SHOES
SHOES
THAN
THAN
THEN
THEN
THONG
THONG
VEE
VILL
VILL -
(1)
VOX
vox
vox
UoX
yox
VoXx
vox
JAR
JAR
JOE
JOE
SING
SING
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~ BING
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ZEE
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BID
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TAUNT
CHIN
COAT
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FOAL
FOAL
FOAL
SUE
FENCE
CHAL
CHAD
CHAD
CHAY
CHAW
CHAY
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CHOOSE
CHOOSE
DAN
DAN
DEN

DEN

TONG
TONG
EEE
BILL
BILL
EOX

- BOX

ROX
EBOX
ROX
ROX
ROX
ROX
GAE
GAE
GO
GO
THING
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TRING
THING
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THING
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DANK
TIANK
RID
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REFLY

Left
Left
Left
Left
Left
Left
Left
Left
Right
Right
Right
Right
Right
Right
Right
Right
Right
Right
Right
Right
Left
Left
Left
Left
Left
Right
Right
Right
Risht
Right
Right
Right
Rignt
Right
Right
Left
Left
kight
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Right
Right
Ridht
Right
Right
Right
Right
Right
Left
Left
Left
Left
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SUHMARY OF ERRORS FOR DIAGNDSTIC RHYME TESTS

NOISE

FERSON

PETER
LYNNE
ALVA
FETER
ALVA

- PETER

FETER
ALVA
WOLF
ALVA
FETER
LYNNE
ALVA
WOLF

. LYNNE
NOLF

ALVA
LYNNE
LYNNE
Al VA

LEFT
WORD

RID
BID

_FAD

FAD
FIN

FIN

FORE

 FORE

FORE
FOUGHT

FOUGHT

FOUGHT
FOUGHT
FOUGHT
MET
MIT
MET
MOON
FENT -
YIELD

RIGHT
WORD

pIn
nin
THAD
THAL
THIN
THIN
THOR
THOR
THOR
THOUBHT
THOUGHT
THOUGHT
THOUGHT
THOUGHT
NET

NET

NET
NOON
TENT
WIELD

28~Dct-1982
Fade 9
ATTRIERUTE REFLY

5 Left
5 Left
g Left
g Right
] Right
5 Right
g Left .
5 Right
9 Right
5 Risht
9 Right
9 Right
S Left
9 Right
9 Right
5 Right
g - Risht
9 Ridht
K] Right
6

Left



 SUMMARY OF ERRORS FOR DIAGNDSTIC RHYME TESTS 28-0ct-1982

Fade &
BACKGROUND LEFT RIGHT
CODING - NOISE FERSON WORD WORL ATTRIRUTE REPRLY
RELF 4.8 Armoured Car ALVA LAUNT TAUNT 1 Left
RELF 4.8 Armoured Car FETER DAUNT TAUNT i Left
RELF 4.8  Armoured Car FETER VAST FAST 1 Left
RELF 4.8 Armodred Car LLYNNE VAST FAST 1 Left
RELF 4.8 firmoured Car ALVA VAST FasT 1 Left
RELF 4.8 firmoured Car WOLF VAULT FAULT 1 Left
RELF 4.8 Armoured Car WOLF VGLE "FOAL i Left
RELF 4.8 frmoured Car LYNNE VOLE FOAL 1 Left
RELF 4.8  Armoured Car FETER YOLE . FOAL 1 Left
RELF 4.8 Armoured Car ALVA MAD RAL 2 Neither
RELF 4.8 Armoured Car FETER HEND REND 2 Right
RELF 4.8 tirmoured Car FETER MOAaN RONE 2 Right
RELF 4.8 Armoured Carv ALVA NIF DIF 2 Neither
RELF 4.8 Armoured Car LYNNE SHOES CHOOSE 3 Right
RELF 4.8 firmoured Car ALVA SHOES CHOOSE 3 Rignht
RELF 4.8 Armoured Car LYNNE THEN DEN kS Right
RELF 4.8  Armoured Car WOLF THONG TONG 3 Left
RELF 4.8 firmoured {ar PETER © THONG TONG kS Left
RELF 4.8 Armoured Car ALVA THOSE I0ZE 3 Right
RELF 4,8 armoured Car WOLF THOSE IOZE kS Left
RELF 4.8 Armoured Car LYNNE THOUGH [IOUGH 3 Right,
RELF 4.8 Armoured Car FETER VEE REE 3 Right
RELF 4.8 Armoured Cer WOLF VEE REE 3 Right
RELF 4.8 drmonred Car ALva VILL RILL K Right
KELF 4.8 drmoured Car LYNNE VILL EILL 3 Right
RELF 4.8 firroured Car LYNNE VON EON kS Right
RELF 4.8  Armoured Car FETER VON EON 3 Right
RELF 4.8 firmoured Car alLva YyoXx ROX 2 Right
RELF 4.8 Armoured Car LYNNE VX EOX 3 Right
RELF 4.8 firmoured Car FETER uoXx ROX kS Right
- RELF 4.8 Armoured Car LYNNE CHEEF KEEF 4 Left
RELF 4.8 Armoured Car LYNNE JAR GAR 4 Left
RELF 4.8 Armoured Car ALVA JAR GAR 4 Right
RELF 4.8 Armoured Car WOLF JiR GaR 4 Left
RELF 4.8 Armoured Car LYNNE JILT GILT 4 Right
RELF 4,8  Armoured Car FETER O JILT GILT 4 Right
RELF 4,8 .Armogured Car LYNNE SANK © THANK 4 Right
RELF 4.8 Armoured Car WOLF SANK THANK 4 Right
RELF 4.8 drmoured Car ALVA SAU THAUW 4 Neither
RELF 4.8  Armoured Car . ALVA SING THING 4 Right
RELF 4.8  Armoured Car LYNNE SING THING 4 Right
RELF 4.8 Armoured Cer FETER SING THING 4 Right
RELF 4.8 Armoured Car ALVA IEE THEE 4 Right
RELF 4.8 Armoured Car LYNNE ZEE THEE 4 Right
RELF 4.8 Armoured Car FETER . ZEE THEE 4 Right
RELF 4.8 firmoured Car WOLF ZEE THEE 4 - Right
RELF 4.8 Armoured Car LYNNE RANK IANK ] Left
RELF 4,8 Armoured Car FPETER BANK - DaNK 5 Left
RELF 4.8 Airmoured Car ALVA - ROUL DOLE 9 Right
RELF 4.8 Armoured Car ALVA Fan THAD 9 Left
RELF 4.8 Armoured Car LYNNE FIN THIN 5

Right
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FERSON

- FETEK

LYNNE
FETER
ALVA
WOLF
FETER
ALVA
aLVA
LYNNE
LYNNE
FETER
ALVA
WOLF
PETER
ALVA
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LEFT
WORI

FIN
FORE
FOUGHT
FOUGHT
FOUGHT
FOUGHT
MOON
FEAN
FEAK
PENT
FENT
GIiL
HIT
HIT
REY
KEY

RIGHT
WORD

THIN
THOR
THOUGHT
THOUGHY
THOUGHY
THOUGHY
NOON

TEAK

TEAR
TENTY
TENT
DILL
FIT
FIT
TEA
TEA
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Fade 7
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SUMMARY OF ERRORS FOR DIAGNOSTIC RHYME TESTS 28-0ct-1982

Fade 8
' _ RACKGROUND ' g © LEFT RIGHT S
’ . CODING NOISE - FERSON WORD WORD ATTRIRUTE REFLY
RELF 4,8 Helicorter .f'LYNNE DAUNT TAUNT 1 Left
~RELF 4.8 Helicorter " ALVA DUNE TUNE 1 Right
RELF 4.8 Helicorter FETER JOCK CHOCK 1 Left
RELF 4.8 Helicorter © . WOLF VAST FAST 1 Right
RELF 4.8 Helicorter " LYNNE VAULT -FAULT 1 Left
RELF 4.8  Helicorter WOLF ©VAULT ¢ FAULT 1 ‘Left
RELF 4.8 Helicorter. LYNNE VEAL FEEL 1 Left
RELF 4.8 Helicorter PETER VEAL .FEEL 1 Left
RELF 4.8 Helicorter &LVA VEAL FEEL 1 Right
RELF 4.8 Helicorter - LYNNE VOLE - FOAL 1 Left
RELF 4.8 Helicorter LYNNE -~ -VOLE FOAL 1 Right
RELF 4.8 Helicorter FETER VOLE . FOAL 1 Left
RELF 4.8 Helicorter ALVA MOH ROME 2 Neither
RELF 4,8 - Helicorter FETER - MON HOME 2 Right
- RELF 4.8 Helicorter - WOLF- HOOT ROOT 2 Right
RELF 4.8 Helicorter FETER HOOT ~ ROOT 2 Right
RELF 4.8 Helicorter - LYNHE M0SS k0SS 2 Right
RELF 4.8 . Helicorter FETER MOSSE ROSS 2 Right
FELF 4.8 Helicorter T ALVA HOSS S {1335 2 Rignt
RELF 4.8 Helicorter . WOLF NEUWS DUES 2 Left
. RELF 4.8 Helicorter LYNNE FENCE FENCE 3 Right
o RELF 4,8 Helicorter - FETER FENCE  PENCE 3 Right
: RELF 4.8 Helicorter “WOLF FOG FoaQ 3 Left
RELF 4.8 Helicorter - ALVA FOO ] 3 Neither
RELF 4.8 Helicorter FETER FOGO Fon 3 Right
RELF 4.8 Helicorter WOLF . Foo FOO o3 Right
RELF 4.8 Helicorter ALVA FOO : FOO 3 Right
RELF 4.8 Helicorter - ALVA SHAT CHAR 3 Right
RELF 4.8 Helicorter LYNNE SHAL CHAL 3 Left
RELF 4.8 ° Helicorter FETER SHAW - CHAW 3 Right
RELP 4.8 Helicorter LYNNE SHEET CHEAT 3 Right
RELF 4.8 Helicorter LYNNE SHOES. . CHOOSE 2 Right
RELF 4.8. Helicorter WOLF SHOES CHOOSE K Rignt
RELF 4,8 Helicorter © ALVA EHOES CHOOSE 3 Right
RELF 4,8  Helicorter ALVA "~ THAN DAN 3 Righi,
RELF 4,8 Helicorter: FETER THAN AN 3 Right
RELF 4.8 Helicorter ALVA - THEN DEN 3 Left
RELF 4.8 Helicorter = LYNNE THEN DEN 3 Left
RELF 4.8 Helicorter - FETER THEN DEN 3 Left
RELF 4.8 Helicorter WOLF THEN DEN 2 Left
RELF 4,8 Helicorter LYNNE THICK TICK 3 Left
" RELF 4.8 - Helicorter . LYNNE THONG TONG 3 Left
RELF 4.8  Helicorter LYNNE THOSE DoZE 3 Left
RELF 4,8 Helicorter . PETER THOSE L0OZE 3 Right
= RELF 4,8 Helicorter ALVA THOUGH ['0UGH 3 Neither
. RELF 4.8 - Helicorter WOLF THOUGH DOUGH 3 Left
‘l' ) RELF. 4,8  Helicorter - = LYNNE VEE - BEE '3 Right
w RELF 4,8 _.Helicorter "~ LYNNE - VEE ° REE 3 Left
RELF 4.8 Helicorter WOLF VEE . BEE 3 Right
KELF 4.8 Helicorter ALVA . - VEE "+ REE 3 Left
RELF 4.8 3 Left

Helicorter LYNNE VEE REE
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BAR
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GILT
BOT
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THANK
THING
THING
THING
THING
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THAD
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THAD
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THAD
THIN
THIN
THIN
THIN
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Helicorter
Helicorter
Helicorter
Helicorter
Helicorter
Helicorter
Helicorter
Helicorter
Helicorter
Helicorter
Helicorter
Helicortler

FERSON

FETER
PETER
WOLF
WOLF
LYNNE
fit VA
LYNNE
WOLF
FETER
ALVA
FETER
ALVA
WOLF:
LYNNE
LYNNE
LYNNE
FETER
FETER
WOLF
ALVA
ALVA
LYNNE
LYNNE
ALVA
FETER
ALVA

LEFT
WORD

FIN

- FIN

FIN
FIN
FOUGHT
HET
HET
KET
KET
FEAK
PEAK
FENT
FENT
FOOL
BILL
BILL
BILL
BILL
GILL
KEG.
KEY
KEY
KEY
KEY
KEY
KEY

Fade 10

RIGHT
WOR ATTRIBUTE REFLY

Left

THIN B}

THIN 9 Left
THIN 9 Left
THIN <} Left
THOUGHT 3 Right
NET 5 Right
NET 3 Left
NET o Left
NET 3 Left
TEAK <] Left
TEAK ) - Right
TENT 3 Left
TENT 9 Left
TJ00L 9 Right
DILL b Right
DILL ) Left
DILL 4 Ridght
IILL ) Left
DILL [ Left
FEG b Neither
TEA b Neither
TEA ) Left
TEA & Right
TEA b Right
TEA 8 Right
TEA & Right




SUMMARY OF ERRODRS ?DR DIAGNOSTIC RHYME TESTS 28-0ct~-1982

Fade 11
. EACKGROUND LEFT RIGHT
COLING NDISE FERSON WORD WORD  ATTRIRUTE  REFLY

RELF 9.4  None LYNNE ROND FOND 1 Left

RELF 9.6  None LYNNE DAUNT TAUNT 1 Left

RELF 9.6  None FETER VOLE FOAL 1 Left

RELF 9.6  None WOLF VOLE FOAL 1 Left

RELF 9.6  None PETER FOO FOO 3 Right

RELF 9,6  None . LYNNE SHAD CHAL 3 Right
RELF 9.6  None - WOLF SHAL CHAD 3 ‘Right

RELF 9.6  None - ALVA SHAL CHAD 3 Right

RELF 9.6  None WOLF SHAW CHAW 3 Right

RELF 9.4  None ' ALVA SHAW - CHAW 3 ‘Right

RELF 9.4  Nore FETER SHAW CHAW 3 Right
RELF 9.6  None WOLF SHDES CHOOSE 3 Right

RELF 9.6 - None = ALVA VILL - BILL 3 Right

RELF 9.6  None ' ~ PETER vox ROX 3 Left

RELF 946 . None FETER ~ vOX - BOX 3 Risght

RELF 9.6  Nome LYNNE vox BOX 3. Risght

RELF 9.6  None . ALVA JEST GUEST 4 Left

RELF 9.6  None. . PFETER JILT BILT 4 Right
RELF 9.4  None LYNNE SANK THANK 4 Right

: RELF 9.6  None HLVA SING THING 4 Right
: ~ RELF 9,6  Nore : LYNNE SING = THING 4 Right
o RELF 9.6  None WOLF SING THING 4 Right
: RELF 9.6  Nore ALVA BID LID ] Left
RELF 9.6  MNone LYNNE EID DI 5 Left .

RELF 9.6  Norne A LYNNE FAL THAD 5 Right

“RELF 9.4  None _ ALVA FAL THAL 5 Left

RELF 9.6  Nore FETER FIN THIN 5 Right

RELF 9.6  None . WOLF FORE ~  THOR § Right

RELF 9.6  Nome - - LYNNE FORE . THOK 5 Left

RELF 9.6  Nore LYNNE FENT TENT 5 Left

RELF 9.6 6 Left

None ' LYNNE GILL - DILL



SUMMARY OF ERRORS FOR DIAGNDSTIC RHYME TESTS - 28-Dct-1982

~Page 12
BACKGROUND ) - - LEFT - RIGHT :

COLING - NOISE FERSON WORD WORE ATTRIRUTE REPLY
RELF 9.6  Armoured Car LYNNE VAST FAST 1 Left
KRELF 9.6 Armoured Car ALVA VOLE FOAL 1 Left
RELF 9.6  Armoured Car PETER FENCE FENCE 3 Right
RELF 9.6  Armoured Car LYNNE FENCE FENCE 3 Right
RELF 9.6  Armoured Car WOLF Foo - FoO 3 Risght
RELF 9.4 Armoured Car FETER - FoO F0OO -3 Right
RELF 9.6 Armoured Car WOLF SHAL CHAL 3 Right
RELF 946  Armoured Car ALVA SHATT  CHAI 3 Right
RELF 9.6  Armoured Car  ALVA SHAW CHAW 3 Ridht
RELF 9.6  Armoured.Car LYNNE - BHAY "CHAW 3 Right
RELF 9.6  Armoured Car FETER SHAW CHAUW 3 Ridght
RELF 9.6 Armoured Car.  ALVA SHEET " CHEAT 3 Right
RELF 9.6  Armoured Car LYNNE SHEET - CHEAT 3 Right
RELF 9.6  Armoured Car WOLF SHEET CHEAT 3 Right
RELF 946  Armoured Car ALVA THAN [IAN 3 Right
RELF 946  Armoured Car: ~HOLF . THAN AN 3 Right
RELF 9.6  Armoured Car LYNNE VEE - BEE 3 Left
RELF 9,6  Armoured Car . AlVA VILL ~RILL 3 Right
RELF 9.6  Armoured Car LYNNE VILL BILL "~ 3 Right
RELF 9.6  Armoured Car WOLF ~ VON EON 3 Right
RELF 9.6  Armoured Car ALVA VON . EON 3 Rignt
RELF 9.4 Armoured Car ALYA vox ROX 3 Right
RELF 9.6  Armoured Car FETER vox BOX 3 Right
RELF 9,6 .Armoured Car . WOLF VDX kOX 3 Left
RELF 9,6  Armoured Car FETER JILT - - GILT 4 Right
RELF 9¢6 Armoured Car LYNNE SANK - THANK 4 Right
RELF 9.6  Armoured Car ALVA _ BING THING 4 Right
RELF 9.6  Armoured Car FETER RING THING 4 Right
RELF 2.6 Armoured Car LYNNE SING . THING 4 Right
RELF 9.6 Armoured Car FETER ZEE THEE 4 Right
RELF 9.6 Armoured Car  LYNNE ZEE THEE 4 Right .
RELF 9.6 Armoured Car WOLF ZEE ~ THEE 4 Right
RELF 92+ Armoured Car ALVA ZEE - THEE 4 Risght
RELF. 9.6  Armoured Car = FETER FAD ~ THAD 5 Left
RELF 9.6 Armoured Car FETER . FIN THIN ] Right
RELF 2.6 Armoured Car WOLF FIN THIN ] Risht
RELF 9.6  Armgured Car WOLF FIN THIN 5 Left
RELF 9.6 ~ Armoured Car FETER FIN - THIN 5 Left:
RELF 9.6- Armoured Car ALVA FORE THOR K Right
RELF 2.6  Armoured Car - ALVA - FOUGHT THOUGHT 5 Left.
RELF 9.6 Armoured Car MOLF FOUGHT THOUGHT 9 Right
RELF 9.6 ‘Armoured Car LYNNE FOUGHT THOUGHT . 3 “Left
RELF 9.6 Armoured Car  ALVA - HET~ " NET 3 " Right
RELF 9.6 Armoured Car - ALVA CBILL “DILL b Left -
RELF 9.6 Armoured Car - FPETER HOF - - FOF 6 Right
RELF 9,6  Armoured Car ALVA KEY TEA b Left
RELF 9.6 ) Risht

Armoured Car  PETER KEY TEA



SUNMARY OF ERRORS FOR DIAGNOSTIC RHYME TESTS 2B-0ct-1982

Page 13
‘ EACKGROUND LEFT RIGHT
: - CODING NOISE FERSON WORD WORD ATTRIRUTE . REFLY
RELF 9.6 Heligorter LYNNE VAST FAST i Left
RELF 9.6 Helicorter FETER _VAST FAST 1 Left
RELF 9.6 Helicorter FETER VOLE FOAL i Left
RELF 946 Helicorter ALVA VOLE FDAL i Left
RELF 9.6 Helicorter ALVA VOLE FOAL 1 Right
RELP 946  Helicorter WOLF VOLE FOAL 1 Right
RELF %+6 Helicorter FETER NOAN EBONE 2 Right
RELF 9.6 Helicorter ALVA HDSS KOSS 2 Right
RELF 9.6 Helicorter PETER HOSS BOSS 2 Right
RELF 9.6 Helicorter LYNNE NEWS ~ DIUES 2 Left
RELF 9.6 Helicorter FETER FENCE FENCE K Right
RELF 9.6 Helicorter LYNNE FENCE FENCE 3 Right
RELF 9.6 Helicorter WOLF FENCE FENCE 3 Right
RELF 9.6 Helicorter ALVA FENCE FENCE 3 Neither
RELF 9.6 Helicorter ‘ LYNNE FOO FDO0 3 Right
RELF 9.6  Helicorter WOLF FoD FOO0 3 Right
RELF 9+6- Helicorter LYNNE SHAD " CHAD 3 Right
RELF 9.6 Helicorter WOLF SHAL CHADR 3 Right
. RELF 9.6 Helicorter . ~ PETER = SHAD ~ CHAD 3 Right
: RELF 9.4 Helicorter ALVA SHAD CHAD A Right
' RELF 9.6 Helicorter © WOLF SHEET CHEAT 3 Right
. RELF 946  Helicorter LYNNE SHEET CHEAT 3 Right
' RELF 9.4 Helicorter LYNNE SHEET CHEAT K Left
: RELF 9.6 Helicorter FETER SHEET CHEAT 3 Left
RELF 9.6 Helicorter WOLF SHEET CHEAT 3 Left
RELF 9.4 Helicorter LYNNE THONG TONG 3 Left
RELF 9.6 Helicorter ALUA THOSE IOZE 3 Left
RELF 9.6  Helicorter FETER THOSE DOZE 3 Left
RELF 9.6 Helicorter WOLF THOSE DOZE 3 Left
RELF 9.6  Helicorter LYNNE THOUGH DOUGH 3 . Left
RELF 9.6  Helicorter - PETER THOUGH DOUGH 3 Right
RELF 9.6  Helicorter ~ WOLF THOUGH DOUGH 3 Left
RELF 9.6 Helicorter ALVA VEE BEE 3 Left
RELF 9.6 Helicorter FETER VEE REE 3 Left
RELF 9.6 - Helicorter LYNNE VEE REE 3 Left
RELF 9.6  Helicorter WOLF VEE REE 3 Left
RELF 946 Helicorter WOLF VILL - RILL 3 Right
RELF 9.6 Helicorter AL VA VILL . BILL 3 Right
RELF 9+6 Helicorter LYNNE VDN RON 3 Right
RELF 9.6 Helicorter ALVA VDN . RON 3 Left
RELF 9.6 ~ Helicarter PETER - UON RON 3 Left
RELF 9.6 Helicorter FETER VON ; BON 3 Right
RELP 9.6 Helicorter ALVA VON BON R Neither
RELF 9.6 Helicorter WOLF VON - RON 3 Left
RELP 9.6 Helicorter FETER voXx BOX 3 Right
RELF 9.6 Helicorter LYNNE voXx BOX 3 Right
RELP 2.4 Helicorter . ALVA VoXx BOX 3 Right
. RELP 96 Helicorter  ALVA CHEEF KEEFP 4 Left
. RELF 9.6 Helicorter FETER CHEEF KEEF 4 Left
RELF 9.6  Helicorter WOLF CHEEF KEEF 4 Left
RELFP 2.6 Helicorter ALVA CHEW coo 4 Neither
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- Page 16 -
. BACKGROUNT . © LEFT RIGHT . X .
. CODING NDISE FERSON WORI - WORD ATTRIRUTE REPLY
FERT 9.6  None ALVA .. SING THING 4 Right
PERT 9.6 - None . LYNNE  ~ 'BANK . -DIANK 5 . Left -
FERT 9+6  Nome LYNNE ~ RID DD 5 Left
FERT 9.6  None , . PETER BRI DID 5 Left"
FERT 9.6 None . WOLF - FORE -~ THOR 5 Right -
FERT 9.6  None - LYNNE FORE. - THOR 5 Left
FERT 9.4 None. ' - LYNNE 'FOUBHT * "THOUGHT 5 kRight
FERT 9.6  Nore : " WOLF . FOUGHT - THOUGHT 5 Right
FERT 9.6 None = ALVA FOUGHT THOUGHT 5 ‘Right -
FERT 9.6  None FETER FOUGHT THOUGHT 5. Right
FERT 9.6 5 . Risht

None © ALVA rOT - -T0T



