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Abstract. The present investigation refers an effective technique of shaping the audio fade-out 
profile in the current context of high demand for interactive multimedia. A rational function is 
employed in order to bring forth a highly versatile fade-out transition. To emphasize that the 
audio volume, i.e. the output of the selected rational function, is returned without noticeable 
delays during the fading process, a straightforward implementation in pure JavaScript is put 
forward in the paper, taking into account the most unfavorable case from the computational 
point of view. 
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1.  Introduction 
The increasing demand for interactive multimedia, as the main form of communicating information 
such as audio and video content, respectively, calls for switching from high-performance computing to 
reactive computing. Hence, effective algorithms have to be developed and implemented to ensure 
quick responses, without notable delays, so that the user can have control of the multimedia content. 
[1]-[6]. 

Streaming media content on the Internet implicitly asks for applying special effects, in real-time, in 
response to various events. The major challenge comes in relation to streamed audio and video 
content, when the well-known techniques suitable for off-line processing need to be replaced with 
more effective ones in order to achieve the goal of software efficiency and, eventually, heighten the 
level of interactivity [2]-[8]. When audio content is delivered to the user, the interactivity is usually 
managed via the standard audio controls, i.e., the “play”, “pause”, “seeking” and “volume” controls 
[5], [6]. Advanced interactivity with audio objects can be attained by generating sound effects in 
response to user intervention [2]-[4]. 

The widely used sound effects are represented by the audio fades (fade-in, fade-out, fade-up, fade-
down), which are applied in order to smooth the user listening experience and avoid hearing damage 
by exposing the user to events encompassing sudden changes in the audio level. However, when 
streaming digital online audio/video content of long duration, the user often interacts by alternatively 
accessing the “play” and “pause” media controls [5], [6]. In this situation, to heighten the multimedia 
experience, a real-time implementation that performs the initiation of a fade-in audio effect whenever 
the playback starts is provided in [9]. In the same context of incorporating strong interaction with the 
user, the present investigation advances an effective procedure of shaping the audio fade-out profile 
with a view to reactive computing. The intention here is to provide a highly customizable fade-out 
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transition as an alternative to the sudden transition to silence, received by plainly accessing the 
“pause” standard media control. 

The techniques of customizing the fade-out curves in the off-line mode are well-established, being 
mainly based on employing transcendental functions (logarithm, exponential, sine) to impose the time-
related evolution of the audio volume. More precisely, the very common fade-out profiles, received in 
various audio editors, are of logarithmic, exponential and S-curve type, with the S-curve shape being 
preferred for providing a more musical sounding [10]-[14]. In Fig. 1, Fig. 2 and Fig. 3 are illustrated 
the most frequently used fade-out shapes, received in Audacity audio editor with the amplitude scale 
being the default linear scale (a level of 0 designates silence) [10], [11]. 

Notwithstanding, real-time audio volume processing can fail to complete if various transcendental 
functions are employed to shape the fade curve. Hence, to ensure that the audio volume is computed 
and returned without notable delays in the course of fading-out, we employ here a rational function, 
i.e. a function provided by a rational fraction, to enforce the time-related evolution of the audio 
volume during the fading process. A plain JavaScript implementation is advanced in order to highlight 
the suitability of the adopted shaping technique with reactive computing. 

 
 

 
 

Fig. 1. A 10 s fade-out effect of logarithmic shape, received in Audacity audio editor 
by adopting the default linear scale. 

 

 
 

Fig. 2. A 10 s fade-out effect of exponential shape, received in Audacity audio editor 
by adopting the default linear scale. 

 

 
 

Fig. 3. A 10 s fade-out effect of S-curve shape, received in Audacity audio editor 
by adopting the default linear scale. 
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2.  Shaping the fade-out profile 
As aforementioned, the widely used audio fade-out profiles are of logarithmic, exponential and S-
curve type. Thus, the regular fade-out profiles are conventionally customized individually by means of 
transcendental functions, i.e., via the logarithm, exponential and sine function, respectively. 

To minimize the delay between receiving the input, which is the difference of the current time 
within audio content and the instant of fade initiation, and returning the output, that is the appropriate 
audio volume, we consider here that the fade-out profile is yielded by the following rational function: 
 

ቐ
𝑣(𝜏) =

𝜏௞ − 𝛼

𝛽𝜏௞ − 𝛾
,

𝜏 ∈ ൣ0, 𝜏௙൧, 𝑘 ∈ {1, 2, 3, 4}

  (1) 

 
wherein: 
 

𝑣 - denotes the audio volume (output), 
𝜏 - the difference of the playback time and the instant of fade-out initiation, i.e. the input 
 

𝜏 = 𝑡 − 𝑡௥௘௙ , (2) 
 
𝜏௙ - designates the fade-out length, 
𝛼, 𝛽, 𝛾 - coefficients that will be computed by taking into account the initial volume, the volume 

imposed at the fade midpoint, and the fact that the value of 0 indicates silence. 
 
One observes that for 𝑘 = 1, the rational fraction (1) comes to be identical to the one given in [15]. 

Nevertheless, it will be shown that for 𝑘 ≠ 1 that is 𝑘 ∈ {2, 3, 4}, function (1) enables the user to have 
more control in customizing the fade-out shape by incorporating attributes of the S-curve profile, 
hence allowing for a more musical sounding [10]-[12]. 

Denoting the initial volume, i.e., the audio volume occurring at the fade-out initiation by means of 
variable 𝑣଴, then the following conditions have to be met: 
 

ቊ
𝑣(0) = 𝑣଴,

𝑣൫𝜏௙൯ = 0.
  (3) 

 
Considering now (1) and (3), one eventually obtains the coefficient 𝛼 in terms of fade length and the 
coefficient 𝛾 in terms of fade length and initial volume, respectively: 
 

𝑣(0) = 𝑣଴ ⇔ 𝛼 𝛾⁄ = 𝑣଴,

𝑣൫𝜏௙൯ = 0 ⇔ ቊ
𝛼 = 𝜏௙

௞ ,

𝛽𝜏௙
௞ − 𝛾 ≡ 𝛼𝛽 − 𝛾 ≠ 0

 

𝛾 = 𝛼 𝑣଴⁄ = 𝜏௙
௞ 𝑣଴⁄ .

 (4) 

 
Accordingly, with 𝛼 = 𝜏௙

௞ and 𝛾 = 𝜏௙
௞ 𝑣଴⁄ , function (1) becomes: 

 

𝑣(𝜏) =
𝜏௞ − 𝜏௙

௞

𝛽𝜏௞ −
ఛ೑

ೖ

௩బ

= 𝑣଴

𝜏௞ − 𝜏௙
௞

𝛽𝑣଴𝜏௞ − 𝜏௙
௞  . (5) 
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To express now the coefficient 𝛽 in (5), we impose: 
 

𝑣(𝜏௛) = 𝑣௛ = 𝜌௛𝑣଴ ,

𝜌௛ = 𝑣௛ 𝑣଴⁄ ; 0 < 𝜌௛ < 1
 (6) 

 
wherein 𝜏௛ = 𝜏௙ 2⁄  is the fade-out midpoint and, thus, 𝜌௛ is the ratio between the audio volume at the 
midpoint and the initial audio volume, detected at the beginning of fading-out. Hence, 
 

𝑣൫𝜏௙ 2⁄ ൯ = 𝜌௛𝑣଴ . (7) 
 

Taking now into account relations (5) and (7), we successively obtain: 
 

൫𝜏௙ 2⁄ ൯
௞

− 𝜏௙
௞

𝛽𝑣଴൫𝜏௙ 2⁄ ൯
௞

− 𝜏௙
௞

= 𝜌௛  , (8) 

 
2ି௞ − 1

2ି௞𝛽𝑣଴ − 1
= 𝜌௛  , (9) 

 
2௞ − 1

2௞ − 𝛽𝑣଴
= 𝜌௛ , (10) 

 

𝛽 =
1 − 2௞(1 − 𝜌௛)

𝜌௛𝑣଴
 . (11) 

 
With the audio volume as the output of (1), the instantaneous rate of change of the audio volume is 

given by 
 

𝑑𝑣

𝑑𝜏
=

𝑘(𝛼𝛽 − 𝛾)𝜏௞ିଵ

(𝛽𝜏௞ − 𝛾)ଶ
 . (12) 

 
In order to depict the profile of a fade-out effect, function (1) has to be strictly decreasing. Having 

in view (12), we obtain the equivalence relation: 
 

𝑑𝑣

𝑑𝜏
< 0 ⇔ 𝛼𝛽 − 𝛾 < 0 . (13) 

 
The three coefficients in (13) are yielded by relations (4) and (11), Thus, one gets: 
 

𝛼𝛽 − 𝛾 = 𝜏௙
௞ 1 − 2௞(1 − 𝜌௛)

𝜌௛𝑣଴
−

𝜏௙
௞

𝑣଴

=
𝜏௙

௞

𝑣଴
൫2௞ − 1൯ ൬1 −

1

𝜌௛
൰ .

 (14) 

 
Since 𝑘 ≥ 1 and 0 < 𝜌௛ < 1, it follows that quantity (14) is negative, which proves that the 

employment of rational function (1) to shape the fade profile forces the decaying with time of the 
audio volume. 
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3.  The fade-out curves 
Similar to the exemplifications of Fig. 1, Fig. 2 and Fig. 3, respectively, we consider the initial audio 
volume of value 𝑣଴ = 1 and the fade-out length of value 𝜏௙ = 10 s. Apart from these settings, the 
fade-out shape remains highly customizable since both parameter 𝑘 in (1) and the ratio 𝜌௛ in (6) can 
be altered. However, having in view that, in the present case, the initial volume has the value of 1, it 
follows that quantity 𝜌௛, defined as the ratio between audio volume at the midpoint and the initial 
audio volume, comes to be identical to the volume at the fade midpoint, i.e., 
 

𝜌௛ ≡ 𝑣௛ ≡ 𝑣൫𝜏௙ 2⁄ ൯ . 
 
Fig. 4 up to Fig. 7 illustrate the fade-out curves for the adopted circumstance. Each of the four data 

charts emphasizes, for a certain value of 𝑘, the profiles corresponding to 𝜌௛ ∈ {0.05, 0.5, 0.8} . 
Fig. 4 indicates that for the simplified case of 𝑘 = 1 in (1), besides the linear fade, corresponding to 

𝜌௛ = 0.5, the resulted fade-out effects can act either similar to the exponential fade-out (𝜌௛ = 0.05) or 
as the fade-out effect of logarithmic profile (𝜌௛ = 0.8) [15]. 

The fade curves in Fig. 5, Fig. 6 and Fig. 7, respectively, have been obtained by successively 
increasing the value of 𝑘 in (1). One observes that the fade-out profiles shown in Fig. 5 up to Fig. 7, 
corresponding to 𝜌௛ = 0.5, now incorporate attributes of S-curve shape: flattened starting, flattened 
ending [10]-[12]. Also, the S-curve attributes are present in the profiles of Fig. 6 and Fig. 7, which 
correspond to 𝜌௛ = 0.05. 

Thus, one may conclude that, both in the beginning and in the ending region of the effect, the 
absolute value of the rate of change of audio volume decreases with parameter 𝑘 in (1). 

 

 
 

Fig. 4. Fade-out curves for 𝑘 = 1 in (1) and 𝜌௛ ≡ 𝑣௛ ∈ {0.05, 0.5, 0.8} . 
 

 
 

Fig. 5. Fade-out curves for 𝑘 = 2 in (1) and 𝜌௛ ≡ 𝑣௛ ∈ {0.05, 0.5, 0.8} . 
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Fig. 6. Fade-out curves for 𝑘 = 3 in (1) and 𝜌௛ ≡ 𝑣௛ ∈ {0.05, 0.5, 0.8} . 
 

 
 

Fig. 7. Fade-out curves for 𝑘 = 4 in (1) and 𝜌௛ ≡ 𝑣௛ ∈ {0.05, 0.5, 0.8} . 
 
With the instantaneous rate of change of audio volume given by (12), wherein the coefficients are 

yielded by (4) and (11), one obtains the following relations corresponding to fade initiation: 
 

𝑑𝑣

𝑑𝜏
(0) ≡  𝑑𝑣

𝑑𝜏
ฬ

ఛୀ଴
=

𝑣଴

𝜏௙
൬1 −

1

𝜌௛
൰ < 0 ,

𝑘 = 1 ;

 (15) 

 
𝑑𝑣

𝑑𝜏
(0) = 0 , 𝑘 ∈ {2, 3, 4} (16) 

 
and, also, the rate of change at the fade-out ending: 
 

𝑑𝑣

𝑑𝜏
൫𝜏௙൯ ≡  𝑑𝑣

𝑑𝜏
ฬ

ఛୀఛ೑

=
𝑘(𝛼𝛽 − 𝛾)𝜏௙

௞ିଵ

൫𝛽𝜏௙
௞ − 𝛾൯

ଶ  , (17) 

 
𝑑𝑣

𝑑𝜏
൫𝜏௙൯ =

𝑘(𝛼𝛽 − 𝛾)𝜏௙
௞ିଵ

(𝛼𝛽 − 𝛾)ଶ
 , (18) 

 
𝑑𝑣

𝑑𝜏
൫𝜏௙൯ =

𝑘𝜏௙
௞ିଵ

ఛ೑
ೖ

௩బ
(2௞ − 1) ቀ1 −

ଵ

ఘ೓
ቁ

 , (19) 
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𝑑𝑣

𝑑𝜏
൫𝜏௙൯ = − ฬ

𝑑𝑣

𝑑𝜏
൫𝜏௙൯ฬ , ฬ

𝑑𝑣

𝑑𝜏
൫𝜏௙൯ฬ =

𝑘

2௞ − 1

𝑣଴

(𝜌௛
ିଵ − 1)𝜏௙

 . (20) 

 
As noticed, similar to the case of Fig. 1, Fig. 2 and Fig. 3, the fade-out curves illustrated in Fig. 4 

up to Fig. 7 have been obtained by adopting the linear scale, with the audio volume of 0 indicating 
silence. This is because the default linear scale is suitable not only for performing audio editing but 
also for software implementation [10], [11]. 

To emphasize the psychological response in relation to sound, the audio fade-out curves depicted in 
Fig. 8 to Fig. 11 have been received by switching from the audio volume as the data chart ordinate to 
the audio level in dB FS (decibel relative to full scale) that is [16]-[18]: 
 

𝐿௩ = 20 logଵ଴ 𝑣 (21) 
 
wherein audio volume 𝑣 is yielded by (1). The selected ordinates interval in Fig. 8 up to Fig. 11 ranges 
from -48 dB to 0 dB, where the audio level of 0 dB corresponds to volume value of 1 i.e. the adopted 
maximum value of Fig. 4 to Fig. 7, whilst the level of -48 dB is associated here with an audio volume 
of about 0.004. Since both in the set of curves within Fig. 4 to Fig. 7 and the set of curves within Fig. 8 
to Fig. 11, quantity 𝜌௛ is identical to the audio volume at the fade midpoint, it follows that the audio 
levels in Fig. 8 to Fig. 11, associated with 𝜌௛ ≡ 𝑣௛ ∈ {0.05, 0.5, 0.8}, are given by 
 

𝐿ℎ = 20 logଵ଴ 𝑣௛ ; 𝑣௛ ∈ {0.05, 0.5, 0.8} 
 
that is, approximately, 𝐿௛ ∈ {−26 dB, −6 dB, −2 dB} . 

 

 
 

Fig. 8. Fade-out curves for 𝑘 = 1 in (1) and audio level (21) within interval [-48 dB, 0 dB]. 
 

 
 

Fig. 9. Fade-out curves for 𝑘 = 2 in (1) and audio level (21) within interval [-48 dB, 0 dB]. 
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Fig. 10. Fade-out curves for 𝑘 = 3 in (1) and audio level (21) within interval [-48 dB, 0 dB]. 
 

 
 

Fig. 11. Fade-out curves for 𝑘 = 4 in (1) and audio level (21) within interval [-48 dB, 0 dB]. 

4.  Shaping technique validation 
To prove the effectiveness of the proposed technique of audio fade customization in the context of 
interactive computing, we put forward an HTML5/JavaScript application, wherein the discretization is 
accomplished via the “setInterval()” method contained by the “window” object. 

With the “src” property of the HTML DOM “audio” object pointing to the location of the audio 
sample, yielded by the user, the code here can be tested in any major browser. It has to be emphasized 
that, from the computational point of view, the application advanced in the paper corresponds to the 
most unfavorable situation, for which we have 𝑘 = 4 in the rational fraction (1). 

Interactivity is managed by means of two “button” objects (elements), as follows: 
 
- initially, the second button, i.e. the one that allows the fading-out initiation, is disabled (made 

unclickable); 
- if the user clicks on the first button, i.e. the one that allows playback at the maximum (default) 

volume, then the audio content starts playing, and the first button is disabled whilst the second one is 
made clickable; 

- if the user clicks on the second button then the fading-out effect is initiated and the second button 
is disabled; 

- at the end of fading process, the audio content is paused and the first button, which allows regular 
playback, is made clickable; 

- if there is not enough room for performing fading-out then both buttons are disabled. 
 
The code of the application used for checking the validity of the suggested technique of fade-out 

profile shaping is given next. 
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<!DOCTYPE html> 
<html> 
<head> 

<title>Fade-out</title> 
</head> 
<body> 
<script> 
 
var audElem, buttPlayElem, buttPlayElemTxt, buttFadeElem, buttFadeElemTxt; 
var alpha, beta, gamma; 
var timerId; 
 
function evalCoeff( tauF, rhoH ) { 

// for parameter k = 4 
alpha = tauF * tauF; alpha = alpha * alpha; // tauF to the 4 
beta = 16.0 - 15.0 / rhoH; // v0 = 1 
gamma = alpha; // v0 = 1 

} 
function v( tau ) { 

// for parameter k = 4 
var tauToThe4 = tau * tau; tauToThe4 = tauToThe4 * tauToThe4; 
var vOut = ( tauToThe4 - alpha ) / ( beta * tauToThe4 - gamma ); 
return vOut;  

} 
function isRoomForFadingOut( tRef, tauF ) { 

var isRoom; 
var makeWeight = 0.5; 
if ( tauF + makeWeight < audElem.duration - tRef ) { isRoom = true; } 
else { 

isRoom = false; 
window.alert( “Not enough room for fading-out” ); 
buttPlayElem.disabled = true; 
buttFadeElem.disabled = true; 

}  
return isRoom; 

} 
function playSample() { 

var playIniT = audElem.currentTime; 
if ( isRoomForFadingOut( playIniT, 10.0 ) ) { 

buttPlayElem.disabled = true; 
buttFadeElem.disabled = false; 
audElem.volume = 1.0; 
audElem.play(); 

} 
} 
function setFadingVol( tRef ) { 

var tau = audElem.currentTime - tRef; 
var fadingVol = v( tau ); 
if ( fadingVol > 0.0 ) { audElem.volume = fadingVol; } 
else { 

audElem.volume = 0.0; audElem.pause(); 
window.clearInterval( timerId ); 
buttPlayElem.disabled = false; 

}  
} 
function fadeOut() { 

var fadeOutIniT = audElem.currentTime; 
if ( isRoomForFadingOut( fadeOutIniT, 10.0 ) ) { 

buttFadeElem.disabled = true; 
timerId = window.setInterval( setFadingVol, 50, fadeOutIniT ); 

} 
} 
evalCoeff( 10.0, 0.5 ); // fade length: 10 s, volume at midpoint: 0.5 
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audElem = document.createElement( “AUDIO” ); 
// creates the audio element 

audElem.src = “sample.mp3”; 
sampleLength = audElem.duration; 
audElem.controls = false; // default 
// default: audElem.volume = 1.0; 
document.body.appendChild( audElem ); 

// appends the audio element to the document body 
buttPlayElem = document.createElement( “BUTTON” ); 

// creates the button element designed for allowing 
// playback at the volume of 1 

buttPlayElemTxt = document.createTextNode( “Play” ); 
buttPlayElem.appendChild( buttPlayElemTxt ); 
buttPlayElem.addEventListener( “click”, playSample ); 
document.body.appendChild( buttPlayElem ); 

// appends the first button to the document body 
buttFadeElem = document.createElement( “BUTTON” ); 

// creates the button element designed for allowing 
// the fading initiation 

buttFadeElemTxt = document.createTextNode( “Fade out” ); 
buttFadeElem.appendChild( buttFadeElemTxt ); 
buttFadeElem.addEventListener( “click”, fadeOut ); 
buttFadeElem.disabled = true; 
document.body.appendChild( buttFadeElem ); 

// appends the second button to the document body 
</script> 
</body> 
</html> 

 
The code clearly indicates that the three coefficients encompassed by rational fraction (1) are 

designated by the global variables “alpha”, “beta” and “gamma”, and are computed by calling the 
function “evalCoeff()”. Within the implementation, the fading-out process is set to follow the S-curve 
shape depicted in Fig. 7 and corresponding to 𝜌௛ = 0.5, for which the perceived audio level is 
illustrated in Fig. 11. Anyhow, the fade shape can easily be controlled by means of the value received 
by parameter “rhoH” of function “evalCoeff()”. 

One observes that the “setInterval()” method of the “window” object, employed for discretization, 
calls the function “setFadingVol()” every 50 ms and passes the instant of fade-out initiation to that 
function. Moreover, function “setFadingVol()” is invoked until the value of rational fraction (1) comes 
to be less than or equal to 0, when the audio content is paused and the “clearInterval()” method of the 
“window” object is used to clear the timer that has been set via the “setInterval()” method. 

5.  Conclusion 
In the context of interactive multimedia, the major challenge is related to the development and real-
time implementation of effective techniques for carrying out audio and video effects in an effort to 
optimize both the response time during effect progression and the delay between user intervention and 
the special effect initiation [1]-[4]. 

Traditionally, the fade audio effects are applied within different audio editors, via transcendental 
functions (logarithm, exponential, sine) to enforce the evolution of the audio level [10]-[14]. With a 
view to reactive computing, the present investigation advances a highly customizable fade-out audio 
effect by employing a convenient rational function to shape the fade profile. It is shown that the 
resulted fade effects can act not only similar to the fade-out effect of logarithmic or exponential profile 
but also as the fade effect of S-curve shape with its well-known attributes: flattened starting, flattened 
ending. 

A plain HTML5/JavaScript application is made available in the paper with the purpose of checking 
the quality of the proposed shaping technique of being appropriate for interactive computing. The 
implementation appears to be straightforward, based on the extensively used properties and methods 
of the HTML DOM “audio” object.  
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