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The Speak speech-coding strategy for the Nucleus Minisystem-22 cochlear implant continuously analyzes the speech signal using 20 digitally programmable
band-pass filters and presents up to 10 spectral maxima to the implanted electrodes. To analyze the performance of this system for a variety of speech sounds
in quiet and noise, the stimulation patterns of the implanted electrode array were reconstructed from the transmitted radio frequency signals by software ag :
electrodograms and compared to electrodograms generated by other specch-coding strategies, as well as to the spectrograms of the input signals. The performance -

with the Speak strategy relative to that with the Multipeak (Mpeak) speech-processing strategy was also evaluated in a field trial study with 20 native German.
speaking cochlear implant users from four European implant centers, involving a variety of auditory perceptual tasks in an ABAB paradigm overa 12-week period,
Vowel, consonant, and monosyllable word tests, as well as sentence tests in quiet and noise, were conducted. Significant differences in group mean scores for
most speech recognition subtests were obtained for the Speak versus the Mpeak strategy, with the largest overall improvements observed for the sentence tests

in noisy conditions.

INTRODUCTION

Cochlear implant coding and processing strategies are de-
signed to overcome the limited channel capacity of the artifi-
cially stimulated auditory nerve by selecting the necessary
and useful portions of the speech information and transform-
ing acoustic signals into electroneural stimulation according
to indjvidual topological requirements for loudness and pitch
perception, while avoiding electrode interaction and current
summation effects. The stimulation pattern generated by the
speech processor in the implanted array of electrodes can be
visualized and analyzed by special software. The term *“elec-
trodogram” is used for the graphic displays of electrode ac-
tivity over time and place and is analogous with the term
“spectrogram’ for a display of the distriBution of energy in
both frequency and time.

Two different coding strategies for the Nucleus 22-channel
cochlear implant system were considered in this investiga-
tion. The multipeak (Mpeak) strategy, which was introduced
in 1989 with the Nucleus miniature speech processor (MSP),!
determines the frequency and amplitude of the first two for-
mants, as well as the energy in two or three higher-frequency
bands, and generates biphasic stimulation pulses on up to 4
out of 22 possible electrodes at a repetition rate dependent
on the voice fundamental frequency. The frequency-to-elec-
trode mapping for the second formant overlaps the mapping
of the higher-frequency bands.

The Speak strategy, which is based on the spectral maxima
sound processor (SMSP) strategy,? divides the audio spec-
trum into 20 frequency bands and continuously selects up to
10 prominent spectral components to produce interleaved
stimulation pulses onup to 10 different electrodes withineach
analysis interval. The rates of stimulation on each channel
vary between approximately 180 and 300 Hz, depending on
the spectral composition, the sound intensity, and the in-
dividual’s speech processor program. The frequency-to-elec-
trode mapping follows the normal cochlear tonotopic order.

The Mpeak and Speak coding strategies were evaluated in
a multisite field study involving eight cochlear implant cen-
ters in English-speaking countries? and eight centers in non—
English-speaking countries. The results for 20 subjects from
four German-speaking cochlear implant centers are summa-
rized below (full details to be published by Dillier et al4).

METHODS

The electrodographic analysis was performed with speech
processors programmed with two different test maps. The
medium-level map contained threshold (T) and comfortable
(C) levels at 100 and 130 stimulus level (SL) units, resoec-
tively, while the low-level map used T and C levels of 30 and
60 SL, respectively. Digitally recorded or synthesized speech
was .presented via a loudspeaker to the Nucleus headset
microphone and processed by the Mpeak or Speak coding
strategy. The digital transmission coil signal (pulse coded at
2.5 MHz) was picked up by.the antenna of the Nucleus dual
processor interface (DPI), converted to numeric parameters,
and captured by the visualization and analysis softiare,
which then generated two- and three-dimensional electro-
dograms, allowing quantitative measurements of average
pulse rates and stimulus level distributions for selected seg-
ments of the stimulus patterns. Synthetic syllables /ba/, /da/,
and /ga/ were generated with the Klatt synthesizer program.
The steady state frequencies of the five formants were 720,
1,240, 2,500, 3,600, and 4,500 Hz. Formants 4 and 5 were kept
constant over the whole stimulus duration. All formant tran-
sitions occurred during the first 40 milliseconds. The starting
frequency of the first formant was 200 Hz. Starting frequen-
cies for the second and third formants were 942 and 1,904 Hz
for /ba/, 1,700 and 2,791 Hz for /da/, and 1,650 and»1,904'H1
for /ga/, respectively. The fundamental frequency for all stim-
uli started at 103 Hz, rose linearly to 125 Hz during the for-
mant transitions, and dropped to 50 Hz at the end of the syl
lable.

Twenty adult, postlingually deaf, German-speaking users

of the Nucleus cochlear implant volunteered to participate 18 £,
this study, which was conducted at four implant centefs ".!
located in the cities of Aachen, Hannover, Kiel, and chh
according to the same experimental protocol, All participants *

had at least 16 active electrode channels and 9 months or more

AVERAGE OVERALL STIMULATION RATES (PULSES PER

SECOND) WITH MPEAK AND SPEAK —

Segment Level Mpeak jﬂk/
Consonant Medium 909 1,917
Low 931 2,389
Vowel Medium 450 1,581

Low 470 1,956
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of experience with the Mpeak processing strategy on aregular
(12 hours daily) basis, and had reached a monosyllabic word
recognition score with their MSP of 10% or above.

Vowel, consonant, and monosyllable word tests, as well as
two different sentence tests (Innsbruckeré and Géttinger’
sertence lists) in quiet and noise, were presented via loud-
speaker from a digital audiotape or directly from a computer
disk in a sound-treated room. The sequence of test lists to be
used for each subject was fixed before the start of the experi-
ment. The electronic circuitry for the new encoder was em-
bedded in a body-worn processor case identical to the Nucleus
MSP. Baseline levels of auditory performance were estab-
lished with the Mpeak speech-processing strategy of the
MEP. All subjects received both the baseline (Mpeak) and
experimental (Speak) conditions twice, in an ABAB para-

- digm, over a 12-week period. Questionnaires were used to

assess musical quality, effects on tinnitus, and subjective

.. performance rating.
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Fig 2. Speech intelligibility scores of 20 subjects with Mpeak and
Speak for Innsbrucker sentence test in noise (at 10-dB signal-to-noise

ratio). Data are sorted according to results with Speak. Numbers on
X-axis represent subject identifications.
.
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RESULTS AND DISCUSSION

The Table shows average overall stimulation rates for the
consonant and vowel portions of the naturally spoken German
word /scheuen/ (male voice with a fundamental frequency of
approximately 120 Hz). The rates forthe Mpeak strategy were
independent of the T and C levels, but varied by as much as
100% between vowel and consonant portions. The average
rates for the Speak strategy, on the other hand, were increased
by 20% to 25% for the low-level map in comparison to the
medium-level map, but did not differ as much between vowel
and consonant portions as the Mpeak rates. The rate differ-
ence for the two maps is due to the coding of stimulus level by
pulse width in the Nucleus implant system. Note that the
measured overall rates include stimuli on all electrodes.

Figure 1 shows the electrodograms for the synthetic syl-
lables /ba/, /da/, and /ga/ as produced by the Mpeak and Speak
coding strategies, respectively, overlaid by manually fitted
formant trajectories for the first three formants. The electro-
dograms reveal the difference in average rate for the two
strategies, as well as the poor fit of the Mpeak pattern to the
transitions of the second and third formants. Because of the
overlapping frequency mapping for the second formant and
higher-frequency components and the limited number of
pulses per pitch period in the Mpeak strategy, scparation of
the fourth and third formants is not possible. The Speak
strategy, on the other hand, is able to reproduce the first three
formant transitions quite accurately and also provides infor-
mation about higher-frcquency components.

Figure 2 shows the Innsbrucker sentence test results for the
10-dB signal-to-noisc ratio condition for all 20 subjects.
Although the intersubject variation is large, statistical analy-
sis of group mecan data showed marked improvement of
speech recognition scores with the Speak strategy compared
to the Mpeak strategy. The largest differences werce observed
for the Innsbrucker sentence (est (36%, 30%, and 28% mcan
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differcnce for a signal-to-noise ratio of 15, 10, and 5 dB,
respectively, and 11% for the quict condition). Mcan differ-
ences above 10% were also obscrved for the Gottinger sen-
tences presented in noise (16%, 16%, and 27% for a signal-to-
noise ratio of 15, 10, and 5 dB, respectively), whereas the
difference for speech without noise was §%. All differences
between the Mpeak and Speak conditions were significant at
a level of .05 or better (paired samples ¢ test), with the
exception of the vowel test (VOS).

Considerable individual improvements in speech percep-
tion were noted for most subjects on at least one measure
when using the Speak strategy. Differences between the four
centers were observed that were mainly related to geographic
speaker and listener variables. Additional tests and the analy-
sis of the performance questionnaires revealed generally
more pleasant listening to music, improved identification of
musical instruments, and mainly very positive qualitative
judgments of sound quality with the Speak coding strategy as
compared to the Mpeak strategy.
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INTRODUCTION

In this study we compared the performance of the same
subjects using two alternative speech-coding strategies: the
default frequency boundaries for the multipeak speech-cod-
ing strategy, and the characteristic frequency (charf) mapping
technique. The latter modifies the frequency allocation on the
basis of characteristic frequencies within the cochlea. Whitford
et all have shown that a group of 4 patients using the charf
mapping showed significant improvement in open-set sen-
lence recognition tests in relatively high levels of background
noise. In that study patients alternated between charf and
standard mapping on a weekly or fortnightly basis. This short
time interval may not have allowed the patients to become
fully adjusted to the new map before they had to switch again.
In the present study an ABAB design is being used in which
the patients are using each strategy for 3 months. The data
have been collected for the first charf strategy. The results are
presented here.

OUTLINE OF CHARACTERISTIC FREQUENCY MAPPING

Postoperative radiographs were used to determine the
insertion depth of the electrode array and the location of the
individual electrodes. The modified Stenvers view technique
was used.? A vertical line drawn from the top of the superior
semicircular canal through the center of the vestibule has been
shown to transect the round window membrane. Electrodes
and stiffening bands posterior to this line were considered

extracochlear, and those anterior, intracochlear.

Using the charf mapping program provided by Cochlear
Pty Limited, we specified the number of extracochlear stiff-
ening bands and electrodes. The program then determined the
frequency allocation for each electrode independent of the
insertion depth from the round window, according tothe charf
of points along the basilar membrane in the normal cochlea.>*
The frequency boundary of the electrode that stimulated the

STATISTICAL RESULTS FOR GROUP OF SUBJECTS UNDER

FOUR TESTING CONDITIONS
Wilcoxon Maiched
Pairs Signed
No. of Ranks Test Result
Test Subjects 1-mo 3-mo
BKB sentences, audition with 10 037*
lipreading 11 04*
BKB sentences, audition only 5 89
6 46
CNC words, audition with 9 .36
lipreading 10 .95
CNC words, audition only 6 23
7 A7
CNC phonemes, audition with 9 .68
lipreading 10 33
CNC phonemes, audition only 6 a5
7 .128

*Significant at 95% Jevel.
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