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Abstract of Thesis

Name (Hamed Pourfannan)

Enhancing Speech Comprehension of Simultaneously Speaking Agents in noisy
Title environments (M FERIZICE T 2 BT — Y = > N OFRIRREEE S 12X 2 EED
M) )

This thesis aims to improve the comprehension of a robot’s speech when there is more than one robot
speaking simultaneously, also known as cross-talking, in noisy environments. Cross-talking is a common
occurrence in noisy social spaces and is shown to negatively affect human cognition. This thesis tackles
the problem at hand by investigating the three key factors affecting the comprehension of concurrent
speech in noise, namely properties of the foreground voice, the concurrent speeches, and the masking
sound.

Manipulating the first factor aims to increase the resilience of the foreground voice against background
noise. For this aim, the effectiveness of manipulating the gender and pitch of the speaking voice to
improve concentration on the robot’s speech in a noisy environment is investigated. The obtained results
indicate that using a low-pitch female voice increases the memory of the subjects about the spoken
material significantly in both genders.

Investigation of the second factor aims to utilize properties of simultaneously speaking voices to enhance
the subject's attention to the target information via the presence of background speech. For this aim, the
effectiveness of the speech time expansion technique is evaluated. The obtained results suggest that
expanding both the speaking voices in time eliminates noise's negative effect and significantly increases
subjects' speech comprehension. Consequently, this technique is applied in the real-world simultaneously
speaking bilingual human-robot interaction scenario. The results indicate that the proposed technique can
significantly improve speech comprehension in an otherwise adverse listening condition.

Studying the third factor is concerned with improving the efficiency of sound masking for human-robot
interaction in noise. Thus, a filter is created to induce low-frequency dominance in speech-shaped masking
noise, as well as increase the amplitude of its consonant-dense range. The obtained filter is shown to
successfully reduce the annoyance in the subjects and increase the efficiency of the masking sound.
Consequently, the proposed masking noise is implemented in a real-world human-robot interaction in a
multi-talker noisy condition and is shown to increase acoustic satisfaction and perceived sound privacy
for the users of the robot significantly.

In conclusion, the results obtained in this thesis reveal that when two robots speak at the same time,
applying time expansion to both robots results in a significant improvement in the comprehension of the
robot’s speech. Furthermore, it was shown that using the proposed masking sound could significantly
reduce distraction during a human-robot interaction in a noisy multi-talker environment. The observed
effects suggest that selective attention in humans can be manipulated using the properties of background
noise that carries language-type information. Neuroscientific theories such as the optimal stimulation
model suggest that a moderate level of noise can enhance attention by increasing arousal in the human
brain. However, this thesis is the first to show this is also possible using background noise that carries
lingual information. Hence, the current thesis opens a door for future neuroscientific and psychological
endeavors to investigate the mechanisms of human perception in a noisy cross-talking condition. The
obtained knowledge in this thesis contributes to the well-being of humans living in modern society where
noise is common.
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