
New Mexico State University
Klipsch School of Electrical Engineering

EE589 - Digital Speech Processing
Spring 2008 - Exam #1

Name:

Prob. 1 / 25 points
Prob. 2 / 25 points
Prob. 3 / 25 points
Prob. 4 / 25 points
Total / 100 points



EE589 Digital Speech Processing Exam 1

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:

• Vowel • Voiced plosive
• Nasal • Unvoiced plosive
• Voiced fricative • Dipthong
• 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:

(c) 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.)

!

ECE 6255Georgia Institute of Technology

Phonetic Alphabets (Phonemes)

"#$%&'()*+,#&(+-&./(+0 ECE 6255Georgia Institute of Technology

Examples of Phonetic Labeling

• “should we chase”

– SH  UH  D  W  IY  Q  CH  EY S

• “nearly over”

– N  IY  ER  L  IY  OW  V  AX  ER

• “chocolate pudding”

– CH  AA  K  AX  L  IH  T  P  UH  D  NX

• “inexcusable”

– IH  N  EH  K  S  K  UW  S  AX  B  L

• “she had your dark suit in”

– SH IY HH AE D Y AXR D R K S UW T IH N

ECE 6255Georgia Institute of Technology

She had your dark suit in…
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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 Ak and Ak+1 as

rk =
Ak+1 − Ak

Ak+1 + Ak

=

Ak+1

Ak
− 1

Ak+1

Ak
+ 1

. (3.1)

Show that since Ak and Ak+1 are both positive, −1 ≤ rk ≤ 1.

Hint: consider (3.1) when Ak+1/Ak ≥ 1 and Ak+1/Ak < 1.
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Prob. 4

Consider the following systems with conjugate reciprocal zero locations

H(z) = 1− αz−1

and

G(z) = 1− 1

α∗
z−1.

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(ω)| = C|G(ω)|

where C is a constant.

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