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Spectrogram

i Allows to visualize spectral variations of speech or voice according to time
¥
"

under a spectrographic representation.
w

Principle

The Spectrogram (or sonogram) allows to visualize the spectral variations of the speech
signal versus time. The spectral analysis is realized with FFTs in wide or narrow bands. It
is possible to choose at any instant of the Spectrogram the representation of spectral
sections (frequency / amplitude) or to perform measures of signal versus noise ratio.

Preparation

Equipment
Patient is standing up in front of the on-stand microphone.

Turn the selector INPUT 1-LEFT on MICRO.

Software

Launch the SESANE software by clicking this icon
in Windows task bar.

In SESANE, enter the patient information : g
Fatient Informations

Al

Then, click twice on this icon : "ii'
b
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Using Spectrogram

Main window

New document @ ———» Ol

Start recorder @ ——> 42

Zoom out on signal
Zoom in on signal
Select spectrogram page
Select FFT page @
Select signal to noise ratio page

Create a FFT computation zone

Print document

Help

spectrogram measuring

Z: Record - Spectrogram

File  Edit Wiew Action Tools 2.

Temporal zoom handle

Temporal adjustment

1300 zo00 2100 2z00

2400 2500

|Not saved

[2254 ms

Protocol
@ Create a new document if necessary
@ Start real time display.
The recording control window appears.
Patient makes a try.
®Verify the recording level of the acoustic input
vu-meter. Beware of not reaching +3 dB while
recording. If necessary, adjust the volume button
of INPUT 1-LEFT. A low signal may indicate a
bad position of the selector MASK - MICRO -
LINE.
@ Start recording.
The patient produces its sentence.
® Stop recording.

The main window appears again..

%

reticule ®

User Interface is detailed
in Chapter « References »
§ Menus & keyboard
§ Signal Manipulation
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Recording control window

=2
©Recording level Depending on the needs :
® Take measures on Phonetogram by clicking
#' - EVA Recorder the left mouse button. A measure reticule
iy appears, displaying the pointed values in ms, Hz,
. and dB.
@start recording — @ \Qave Channel 1
. — Or:
®Stop recording —» = 3
E 2 @ Display the FFT page and
— 1 Create a FFT computation zone. This one can
3 0 be moved along the speech signal.
-1
£ Save the document.
0 dB =3
= -g Print..
| % ~7
el
o -20
Ready | |NUM | i
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Measurement
ex : Voice Onset Time (VOT) measurement

Spectrogram page

The spectrogram settings can be changed by calling its properties (right mouse button). Selected zone (VOT) —&—

In a general point of view, you can take measures on Spectrogram by clicking the left
mouse button. A measure reticule appears, displaying the pointed values in ms, Hz, and
dB ®.

The spectrogram is a tool made for measuring duration of phonetic segments (ex :
formants transition, phoneme duration, Voice Onset Time...). In such a case, it is better to
use a wide band spectrogram.

To measure duration, select a zone using wave signal and spectrogram. The duration
selected is displayed directly in the status bar. To select a zone :

place the mouse pointer at the beginning,

press and hold down the Shift key + left mouse button,
move the mouse until the end

release Duration

Eal A
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Computation zone

FFT page

The FFT page displays the wave spectrum around a frame called computation zone ®. Measure reticule on
the current spectrum

To move this zone :

place the mouse pointer near the left side of the zone
press and hold down the left mouse button,

move the mouse

release

FEE B PENERD

POODdMPE

To change the zone duration, call spectrum properties (right mouse button).

To take measures on the spectrum :
1. place the mouse pointer on the spectrum

e .
2. click the left mouse button. Spectrum computed on the signal /
3. areticule appears, displaying the pointed values in Hz, and dB. contained in the FFT Zone

ooooo

Spectral wrapping, showing up

To measure formants position : formants

1. Set the spectrum in wide band (cf. Properties)

2. Use the LPC spectrum which displays spectral peaks

3. Maybe you should erase FO effect by checking the pre-emphasis option (cf.
Properties)

To display harmonic structure :
1. Set the spectrum in narrow band (cf. Properties)
2. Use the FFT spectrum which displays FO and harmonics
3. Maybe you should rise spectral resolution if necessary (cf. Properties)
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Spectrogram

HNR page

The HNR page displays the harmonic to noise ratio around a frame called computation
zone ®.

To move this zone :

place the mouse pointer near the left side of the zone
press and hold down the left mouse button,

move the mouse

release

el

To change the zone duration, call spectrum properties (right mouse button).

Generally, this frame must be long enough to provide sufficient information on FO and
short enough to avoid an analysis of a non stable wave (typically : 250 ms)

This analysis is performed with spectral methods. We consider that the speech signal is
made up of two components :

e aperiodic component (FO & harmonics)

e anoise component (the rest)

the mathematical sum of theses two components is considered as the full signal.

The measures are given under redundant forms :

SR (%) Relative Signal Intensity = Energy (FO + Hi) / Total energy

H/N  (nounit) Harmonic-to-noise Ratio = Energy(F0 + Hi) / Energy(noise)

NNE (dB) Normalized Noise Energy = 10. Log [Energy(noise) / Total Energy]
The first values (SR, H/N, NNE) are computed on the whole spectrum.

The second values (SR hf, H/N hf, NNE hf) are computed one the spectrum part above 1
kHz.

Rem : this method is different than the one used in the Voice Profile Application

HNR computation zone

E i |ole (@05

=
3

EEE

FO_ [ st | NNE [ HNR | sthi |NNE hf[HNR hi]
[2358.4.25844)[ 861 |81 | -9.25 |7.41 |a7.5 |-e.60 030 |

Ready

| [Mot saved [ | 2358 ms

Measures results
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Save a document

Data Management

Canceling button Method 1: Click on @. The current patient
information appear in the fields @, @, &, ®. A
unique filename is automatically generated in @.

Command confirmation Confirm by clicking on @.
— Method 2 : Enter manually the patient information in
P T . the fields ®, @, ®, ©. Click on ®. A unique
Dans = Aecord: _, = CF| |4 =8 filename appears in @. Confirm the saving by
; ; =] Byhmin0nspe— clicking on @.
Directory list box B [

Files zone ® Gnmp0Uas Method 3 : Enter manually the patient information in
%Se:muﬂuﬂnﬂuﬂ.spc the fields ®, @, ®, ®. Enter a file name in ®.

B im0000 ome Confirm the saving by clicking on ®@.

File name G
File extension list box bom ; Envegisjer =
Tuvpe: tragram files [*.SPC) 7
et | Open a document
Patient information. (name, first name, age, sex) ¢ : . -
Document content. @ | Pafeed | Fistane [fobn poe e senfm Select a document in @ by a single click with the
ggnten‘[mt d the "Rainbow'’ passage left mouse button.. The file name appears in @ with
Medical comment ¢ its information as well in @, @, ® ®. Confirm your
| . o
. sert” choice by clicking on @.
Research key (facultative) ¢ W\’
Available when saving document /' Clear | Giet curment patient infos | Generate File Mame
Pl /.

@

To obtain information about the current document
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Spectrogram
Spectrogram I
Optl 0 n S Wavel Analysiz  Display |
—Zoom
By clicking on the spectrogram with the right mouse button, a contextual menu appears. " :
Zoom level /r Zoom =» 5512 Hz
hear zighal selection of the " Zoom => 2756 Ha
i frequency scale © ® Elam
properties ... : :
Choose the « properties » option. Fequeneymax. [T e
You can also modify the program parameters by selecting the menu « Tools | Options » —
or by typing the « O » key. -
Shades selection . ey
2] © Calar
Shades count |'|2
Setting the display
© The « zoom » option allows to select the displaying of a part of the spectrum. This Set the changes
option is useful to observe the formants generally localised in the low part of the as new program ——
SpeCtrUm. default ™ Set as defaults Def’.llts I I%set |
7 7
@ « shades » allows to choose between a grey or colour display K ,;I ﬂ”"“'“/I/ Erie |
Retrieve the current program defaults —/ /
Retrieve the factory defaults
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Analysis settings

Spectrogram I
Wave Analpsiz IDispIa}lI

Spectrogram Band S
selection © __\\f

" Narrow bands ' Custom

Frame size [ms) IS-UU

FFT pairts [256 :ll

Choice of the
Overlappmg Spectral rezolution [Hz) 86.1328 ::ll

percentage of the __|
analysis window \
2]

— Frames overlapping —Formants analysis
@ Auto settings LPC Order
 Custom |1 4
Emphasis % averlapping
selection © \ .
¥ Emphasis
[T Set as defaults Defa*lts | Hfset I

Set the changes as |

7/ 7
new program default oK /] A””“'E'//{/ s |
Retrieve the current program defaults _/ /
Retrieve the factory defaults
© You can select a Wide Band spectrum, a Narrow Band one or you can fix your own
parameters. It is useful to know that the Narrow Band analysis uses long windows. So, it
gives you a poor temporal precision but a great quality for frequency measure (ex:

harmonics). On the other hand, Wide Band analysis uses short windows. So, it gives you
a good temporal precision but a medium quality for frequency measure (ex : formants).

For a FFT spectrum, the most important parameter is the length of the analysis window.
You can set this length by writing the value in the “ Window Size (ms) ” text edit. The
value must be in milliseconds (1 second = 1000 ms). Do not forget that the longer the
window is, the more the frequency analysis is precise. In the other hand, the shorter the
window is, the more the temporal analysis is precise.

® A spectrogram is built using successive spectra. Each spectrum is computed on a
signal window. This window is shifted along the signal. This operation is called
« window step ». You can let the algorithm fix automatically this parameter. If you want
a precise value, just set the overlapping percent in the text edit. Window step is equal to :
step(ms) = window size(ms) * (1 - percent/100)

© Generally, spectral distribution of a speech signal has a 6 or 12 dB/Oct slope. That
means that acute frequencies are lower than bass. The consequence is that you cannot see
them on a spectrogram. Ticking « High-Frequencies emphasis » allows to roll up the
acute. This option does not change the values that you can read with reticule.

Same Value Without Fre-emphasis

“With Pre-emphasis
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