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December 9, 2008

Formant Manipulation

Transforming Instruments and Computers to Speech
Interested in linguistics, music, and math, I decided to combine all three for my final project for this course. My goal was to use the source-filter model to manipulate instrumental and computer-generated tones to try and mimic the human voice. I started the project thinking I was going to fail miserably, but I ended up creating some successful vowels, consonants, phrases, and lyric-affected chords.
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First, a quick brush-up on the source-filter model. The vocal cords, tract, and mouth combined to create an incredible vocal tubing system. The vocal cords create the sound through vibrations of the vocal cords. The tongue, soft palate, and hard palate all combined to create infinite shapes and sizes of the vocal tract (constrict in certain places, open in other). The lips add yet another variable with their ability to not only open and close (and therefore affect the node at the open end of this closed-open pipe), but also shape the vowel that is being created and generate plosive consonants (i.e. p and b). 
Through different shapes and constrictions, we are able to produce different formant frequencies. There are several formant frequencies that the vocal source-filter model can create, but the first and second (also known as F1 and F2) are the main determinants of our vowels. On the right, you will find my own spectrogram of the vowels “ee,” “aa,” and “oo” analyzed in Praat. I calculated each of my own vowel [image: image2.png]Velum Nasal Cavity
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formants (Ee: 352Hz, 2447 Hz. Aa: 545, 1228. Oo: 395, 1022) and used those as a filter method to manually generate vowels. Using Audacity, I imported audio files either ripped from YouTube videos, listened to during [image: image3.png]Equalization, by Martyn Sha & itch Golden

3008
2708

2408
2148
1808
L> 1588
1248 -
0B
6B
308
048 -
308

608

908

1248 -|

1508

1808

2148

2448 |

2748
-308.

20Hz  30Hz  40Hz S0HZ 60Hz  BOHz 100Hz 130z 180Hz 200Hz 300Hz  400Hz 500Hz  700Hz 1000z 1300Hz 2000Hz  3000Hz 4000Hz 6000z B0DDHZ
©orananes OGephiceq Clunear requeneyscde  Lenghfters 5 &3

Selectcurve; S | (Seve e | [ oolte ][]

[ )




class, or created using the “Generate: Tone” option on Audacity. Then using the “Effect: Filter: Equalization” method to filter those sounds through my own vowel formant frequencies. To the right is an example of one of those filters I created (the “oo” filter) where I increased the amplitudes of my F1 and F2.
[image: image4.png]Fle Edt Vew Transport Tracks Generate Effect Anahze Help

c «) ») @)= B e U 9P, * [imema e v
Plolx| v 220 po’ oy (m@Hm] oo = 2epl22[r 09 5
& = © 5 B = B =
pessoone ] 10
Serco, 22050
o258 ot o5
Ve | S0
= T 0o
o
L ® |05
o
10
10
0s
00
05
F— T
<
Project Rt (H) SelectionStart @ End OLengih__ Audio Positon
2050 w| | SnapTo[) |81 08 mB05Y [0 h 08 m o057 | |30 760 m 0T T

Actual Rate: 22050

BEEDGc & ~ [@.




I chose three separate and distinct source tones to manipulate and filter. They share some common characteristics---they are all clear (little to no white noise) and they all have many high partials present. The second condition is necessary for the filter process; if we only have a pure sinusoidal wave at a specific frequency, filtering through frequencies not present will not alter the sound into a vowel. The three sounds I chose were 1) a sawtooth, Audacity-generated tone at frequency 110 Hz, 2) a loud and full chords of strings from Tchaikovsky’s Sixth Symphony, and 3) a bassoon playing a loud C2 note. Below is the Audacity file of the bassoon’s note filtered through my own vowel formant frequencies. It transitions from “ee” to “aa” to “oo.” 
All three sounds used were equally successful in their vowel-generating, but I couldn’t stop there. I wanted to see if I could create passable and audibly intelligent consonants using Audacity. I recorded myself saying “pee, pah, poo,” “tee, tah, too,” and “kee, kah, koo.” I then analyzed my own voice’s consonant characteristics in an effort to copy them and manually regenerate them. Using filters, clicks, sine waves, editing, and a great deal of trial and error, I walked away with somewhat respectable semblances of certain consonants. Some examples: an “S” was created by continually adding a high-pass filter to the computer-generated tone. A “K” was made from a short click and an “H” was made from several low-pass filters over the sound. Together, the “K” and “H” sounds created an aspirated “K” noise, the “K” which we use in words like “cap,” “call,” and “cool.” Lastly, I created a “P” by constructing a short sine wave with amplitude near 1 that lasted 0.007 seconds. The computer-generated “pop” was a total of 1.5 wavelengths and is shown below.
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I then tested the waters and was able to narrowly form words and phrases. These words were restricted, however, to the few consonants sounds that I was able to generate. The current software for the music industry is much more impressive than any Audacity effect. 

Firstly, there is the more rudimentary talk box. Essentially, someone will play either a guitar or keyboard. The sounds from the instrument are then played through a speaker which has a tube extending out of it. The musician situates the tube in his/her mouth and mouths the words he/she would like the instrument to sing. The musician’s mouth is still functioning as a filter and is able to modify the harmonic content of the instrument to make it seem like the keyboard or guitar is speaking words. The talk box and my Audacity attempts, however, fail at clear consonant attempts. 

The two more recent “instrument-to-voice” endeavors are auto-tuning and Vocoders. Auto-tuning, in the simple terms, is taking a human voice, uploading it into a computer and overly-synthesizing it to sound like a robotic voice. T-Pain and Kanye West, two very popular musicians, often use this effect to sound edgy, or in my opinion, to make it sound like they can sing. A Vocoder is a slightly different animal. It resembles more of a Talk Box and creates a sound closer to that of the auto-tuning effect. The musician sings or speaks into a microphone in tandem with playing the song or chords on a keyboard. The microphone, instead of the tube, is now responsible for picking up the formant frequencies and creating the robotic speech. 

One prime example of Vocoder use in Imogen Heap’s “Hide and Seek.” After listening to it non-stop for months on end, I decided it was high-time to try and manually remake the first 3 chords (“Where are we?”). I grabbed the Dodec (a cappella) arrangement and began to analyze the chords. The basses sung a Bb2, the baritones an F3, etc. I then calculated every frequency sung (i.e. the basses sing 116.54 Hz, the baritones 174.61Hz). I took all of those frequencies and filtered each through the three vowels (“eh,” “ah,” “ee” to represent “where are we”). I finally took the vowel chords produced and tried to alter the fading in [image: image6.png]imogenheap
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and out to resemble the two “w” sounds. 
The result was exactly what I wanted—a computer-generated chord with vowel filters that worked and resembled Imogen Heap’s innovative original. 
Sources used:
Praat Software, Audacity Software

Imogen Heap. "Hide and Seek." Rec. 19 May 2005. By Imogen Heap. Rec. 19 May 2005. 

MP3. Imogen Heap, 2005.
