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Prob. 1

The waveforms and spectrograms in Figs. 1.1 and 1.2 (next two pages), were made from
recordings (fs = 16 kHz, 16 bit resolution) of a single, spoken phoneme. Using these figures,
determine the type of phoneme which was spoken:

e Vowel e Voiced plosive

e Nasal e Unvoiced plosive
e Voiced fricative e Dipthong

e Unvoiced fricative

Note some phoneme types may occur more than once, some phoneme types may not occur.
Providing comments regarding your decision may lead to partial credit.

(a) The phoneme in Fig. 1.1(a) and (b) is a
Comment:

(b) The phoneme in Fig. 1.1(c) and (d) is a
Comment:

(¢) The phoneme in Fig. 1.1(e) and (f) is a
Comment:

(d) The phoneme in Fig. 1.2(a) and (b) is a
Comment:

(e) The phoneme in Fig. 1.2(c) and (d) is a
Comment:

(f) The phoneme in Fig. 1.2(e) and (f) is a
Comment:
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Figure 1.1: Plots of phoneme waveforms and periodograms for Prob. 1.
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Figure 1.2: Plots of phoneme waveforms and periodograms for Prob. 1.
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Prob. 2

The following plots show the waveform for the utterance “The birch canoe slid on the smooth
planks.” The signal was sampled at an 8 kHz rate.

(a) On the plots, mark the phoneme boundaries and label the phonemes (see Fig. 2.2 next
page).
(b) Estimate the pitch period during the middle of the voiced parts.

(c) Is the talker most likely male or female?
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Figure 2.1: “The birch canoe slid on the smooth planks.”
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Prob. 2 (cont.)
A condensed list of phonetic symbols for American English.
Phoneme ARPABET Example Phoneme ARPABET Example
i) 1Y beat inf NX sing
v IH bit il P pet
fef {e¥) EY bait Y T ten
fel EH bet X/ K kil
lzf AE bat b/ B bet
fal AA Bob fd/ D debt
il AH but g/ H get
hi AO bought M HH hat
fof (o¥) ow boat ifr F fai
fuf UH baok et TH thing
/ Uw boot s/ 5 sat
fal AX about B/ (sh) SH shut
Hif IX rosgs v/ v vat
Iz ER bird 18/ DH that
faf AXR burter fz/ Z 200
Ja¥/ AW down fif (zh) £H azure
fa¥f AY buy f&f (1sh) CH church
1t 0Y boy A/ (dzh, 3 JH judge
I Y you fond WH which
twi w wit It EL battle
il R rent fm/ EM botiom
A L let fnf EN button
fm/ M met Tt DX bagter
mn/ N net 1 Q (glottal stop)

Figure 2.2: American English phonemes.
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Prob. 3

In the concatenated tube model, the reflection coefficient at the kth junction can be written
in terms of the tube areas A, and Ay, as

A
_ Ak+1 - Ak‘ _ Z;:l —1 (3 1)
Appr + Ay A4 77 '

Tk

Show that since A, and Ag,, are both positive, —1 < 7, < 1.

Hint: consider (3.1) when Agi1/Ar > 1 and Agy1/Ak < 1.
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Prob. 4

Consider the following systems with conjugate reciprocal zero locations

and

1
G(z) = 1——z1

a*

Show that replacing a zero by its conjugate reciprocal at most alters the magnitude response
by a constant factor but does not change its shape, i.e.

[H(w)| = ClG(w)]

where C' is a constant.

Note: the Quatieri text p. 51 Prob. 2.11 incorrectly ignores the constant factor.



