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The Entropic Envelope
H E C T o R  R o d R i g u E z

Computational technologies afford new methods for the 
precise analysis of moving images, opening up new possi-
bilities for the intersection of science and cinema studies. 
Computational methods might impact film scholarship in 
at least two ways. 

First, a scholar might use computational methods that in 
some sense produce results analogous to concepts and ca-
pacities that the scholar already has, such as cut detection, 
face recognition, motion detection, etc. The scholar could 
use a cut detection algorithm to segment a digitized film into 
shots or sequences in order to count the number of cuts in 
a given movie or a segment of a movie and so to describe its 
editing style. Another scholar could employ a computer vi-
sion algorithm to determine how many shots in a movie are 
close-ups. The researcher here relies on computational tools 
to realize more efficiently and rapidly certain tasks that she 
could in theory perform without the use of computers.

Second, the cinema scholar could develop computational 
methods that generate new critical concepts. Instead of us-
ing familiar notions like “cut,” “close-up,” “fade to black” or 
“tracking shot,” the researcher aims to discover, through the 
process of designing or refining customized algorithms, fresh 
concepts that were not previously part of the standard critical 
repertoire. In this second approach, the scholar’s encounter 
with algorithmic technologies has the potential to expand and 
reconfigure the conceptual stock of cinema analysis [1]. These 
new concepts are essentially, not merely contingently or ac-
cidentally, bound up with the use of computer technologies.

One of the main strategies of concept formation in cin-
ema studies is the construction of mathematical models. The 
elaboration of a mathematical model can serve the function 
of constructing a concept. I shall speak here of concept for-
mation through model building. The content of the concept 
is the model. From this point of view, the introduction of a 
new mathematical model in the humanities can reshape the 
way we think about a certain domain of critical analysis [2].

As an instance of the formation of a concept through the 
construction of a mathematical model, this article introduces 
the concept of an entropic envelope. The concept is meant to 
capture certain properties of cinematic sequences that can be 
formalized through the application of information theoretic 
techniques. This concept encapsulates a mathematical model 
intended to reconfigure how we think about the temporal 
properties of image sequences. Models are technologies that, 
among other uses, serve to guide or channel our attention. By 
creating a new concept through the construction of a model, 
cinema scholars can learn to pay attention to certain proper-
ties of moving image sequences that they would otherwise 
overlook.

My discussion is divided into three parts. The first intro-
duces the entropic envelope notion without giving any math-
ematical background. The second part, which is intended for 
the more technically inclined reader, explains the algorithm in 
greater detail. The third and final section, more self-reflexive 
and methodological in nature, considers the process of con-
cept formation through model building as a complex task 
influenced by philosophical, artistic and technical factors. 
My aim here is to encourage cinema researchers to inves-
tigate the nature of model building from this multidimen-
sional perspective.

THE EnTRopiC EnvElopE

I propose to characterize the temporal flow of a video se-
quence as a pattern of equilibria and disequilibria. Equi-
librium occurs when a frame in some sense resembles 
immediately preceding frames. Disequilibrium occurs when 
a frame contains substantially new information relative to 
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immediately preceding frames in a temporal image sequence. 
The model I am presenting measures the informational 
novelty of frames with reference to their shape or contour 
properties, the visual arrangement of edges and corners. 
Corners and edges are pixels with reasonably high bright-
ness gradients in one or both spatial coordinate directions. 
The detection of edges and corners therefore depends only 
on the distribution of brightness values throughout an im-
age. Figure 1 illustrates this idea by displaying a movie frame 
alongside its contour representation.

My model brackets other aspects of the image sequence, 
such as color, dialogue, object and event recognition, camera 
movement, etc. This article also suspends any questions of 
narrative content and treats a video sequence as a stream of 
graphical structures. 

I propose to employ a concept from information theory, 
relative entropy, to measure the degree of disequilibrium 
induced by a new frame against the background of imme-
diately preceding frames. To put it roughly, the degree of 
equilibrium or disequilibrium of a frame is the quantity of in-
formation contained in its contour representation relative to 
immediately preceding frames. The precise computation of 
this measure will be explained in the more formal Technical 
Description section of this article. The temporal organization 
of a sequence can be graphed as a curve where the abscissa 
represents the time, measured in frames, and the ordinate 
represents the degree of disequilibrium introduced by the 
corresponding frame. The entropic envelope of a video se-
quence between frames A and B is the portion of the relative 
entropy curve between those frames.

Figure 2 shows the entropic curve for a sequence from 
the film Alphaville (Jean-Luc Godard, 1965). Notice that the 
curve has a relatively high value at a moment when there is a 
cut, since cuts can be viewed as moments where the contour 
structure of the new image differs sharply from that of imme-
diately preceding images. The entropic curve is, in general, 
a reasonable cut detection algorithm. Cut detection is not, 
however, the main aim of this project. The curve represents 
what could be called the internal melodic line of a video se-
quence. Even within a continuous shot, there are dynamic 
patterns of equilibria and disequilibria. The entropic enve-
lope captures those patterns.

Consider a sequence from Alphaville as shown in Fig. 3. 
The curve rises whenever certain elements enter the frame 
and disrupt the stability of the composition. For instance, 
the arrival of detective Lemmy Caution in the hotel in Al-
phaville involves a moving camera shot that follows the main 
character in a fairly stable composition, but this stability is 
punctuated by vertical architectural elements that introduce 
carefully patterned moments of disequilibrium.

The sequence exemplifies how the entropic envelope 
captures the temporal rhythm of a video sequence. The 
model identifies and represents rising and falling patterns 
of equilibria and disequilibria. This model can be used, for 
instance, to compare and contrast the temporal organization 
of image sequences from different countries, periods, artistic  
movements, etc.

Compare the entropic envelope for the above scenes from 
Alphaville with one from Hitchcock’s Rope (Fig. 4). It is clear 
that the entropic envelope in Hitchcock’s film is far more 
stable than that of Godard’s work. Godard’s mise-en-scene, 
at least during the hotel arrival sequence, generates moments 
of disequilibrium that punctuate the underlying equilibrium 
of the composition. These two examples sharply differ from 
the case of Stan Brakhage’s 1963 experimental film Mothlight 
(Fig. 5). That film was made without a camera, composed 

Fig. 1. Contour structure of a single frame in Alphaville 
(Jean-Luc Godard, 1965). (© Hector Rodriguez)

Fig. 2. Entropic envelope of a sequence from Alphaville. (© Hector Rodriguez)

Fig. 3. Entropic envelope of another sequence from Alphaville. 
(© Hector Rodriguez)

Fig. 4. Entropic envelope of a sequence from Rope (Alfred Hitchcock, 1948). 
(© Hector Rodriguez}
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by collaging insect wings, blades of grass and other bits of 
organic matter. The result is visually far more radical than 
either Alphaville or Rope, as is evident from the shape of the 
entropic envelope from this sequence.

We can think of the entropic curve, very loosely, as a rep-
resentation of the experience of an ideal spectator who pays 
attention only to the pattern of changing contour structures 
in a video sequence and who anticipates that every coming 
frame will resemble recent frames. This ideal spectator makes 
an assumption of continuity and is ready to register moments 
of disequilibrium, in which the new frame is informationally 
rich relative to its predecessors in the sequence. The ideal 
spectator is, in other words, endowed with what Ernst Gom-
brich calls a “break-spotter”—the ability to detect “points of 
maximal information content” in a temporal sequence [3].

The successive values of the envelope, roughly speaking, 
measure the divergence between the ideal viewer’s expecta-
tions, formed out of her experience of previous frames, and 
the incoming frame.

I claim that this model can deepen our apprehension of 
the visual rhythm of image sequences. My main aim is to 
enhance our perception and appreciation of certain tem-
poral properties of image-sequences. I would suggest that 
most works of cinematic art, even those that possess a rich 
narrative content, depend on having some form of temporal 
organization at the graphic level, which can be analyzed in 
its own terms.

The following video clips illustrate the entropic envelope 
of the movies described here:

Alphaville: www.vimeo.com/169828109 
Rope: www.vimeo.com/170119475 
Mothlight: www.vimeo.com/170119958

TECHniCAl dESCRipTion

Nontechnical readers may choose to skip this section, which 
describes the mathematical content of the model in more 
precise detail. I have nonetheless designed this model so that 
the mathematical level required for its comprehension and 
implementation is relatively simple. My aim is to encourage 
humanists and artists who might wish to write their own 
source code to test the ideas presented here and to develop 
more fine-grained models of cinematic style.

My approach connects with an ongoing research tradition 
that brings information theoretic concepts to bear on video 

sequences [4]. Researchers have shown that information the-
oretic concepts like the Shannon Entropy, Mutual Informa-
tion or the Jensen Divergence provide reasonable metrics for 
image similarity or difference and so can be fruitfully used to 
summarize video sequences and to detect cuts and fades [5]. 
Encouraged by these results, I propose to use a well-known 
information theoretic metric, the so-called Relative Entropy 
or Kullback-Leibler Divergence, to formalize a model of cin-
ematic spectatorship.

The model involves the following basic notions.
A movie is a temporal sequence of images. Every image is 

a brightness function of two arguments. I shall express the 
image function at time t as It(x,y), where the values of x and y 
represent the horizontal and vertical location of a pixel. Every 
pixel consists of a single grayscale value, represented as a real 
number in the interval [0,255]. The model can be augmented 
in the future by adding color information.

The entropic envelope emphasizes the shape properties of 
images. The notion of “shape” can be represented in terms 
of image gradients. The gradient vector of image It(x,y) is 

Gt(x,y) =  ∂It(x,y) , ∂It(x,y)
                      ∂x           ∂y  (1)

with magnitude

Mt(x,y) =    ∂It(x,y)  2 +   ∂It(x,y)  2

                        ∂x                ∂y   (2)

and angle

At(x,y) = tan−1  ∂It(x,y)/ ∂x
                           ∂It(x,y)/ ∂y   (3)

The image is represented in digital form. The data is dis-
cretized in two ways. First, the brightness of every pixel is 
approximated by a finite-precision (floating-point) number. 
Second, the spatial coordinates of every pixel are also approx-
imated by floating-point numbers. A discrete approximation 
to the gradients is computed using the well-established Sobel 
operator. This project then detects edges and corners using a 
well-known algorithm from Harris, which is not described 
here [6]. I will use the expression contour pixel to denote any 
pixel that is either an edge or a corner. Contour pixels for a 
frame from Alphaville are shown in black in Fig. 1. White 
pixels are noncontour pixels.

An image can be divided into M nonoverlapping rectan-
gular subregions. For each subregion, my procedure forms 
an angular histogram, containing K + 1 bins, by counting 
the number of contour pixels whose gradient angle falls 
within one of K intervals. The (K + 1)th bin contains the 
total number of noncontour pixels in that subregion. This 
last bin tends to have a very high value relative to the other 
bins. To compensate for this higher value, the weight of the 
other bins is doubled. The histograms for the M subregions 
of each frame are then combined into one feature vector Ht 
of M × (K + 1) dimensions. This vector supplies a statistical 
characterization of what might be called the shape descriptor 
or contour structure of image t.

In this project, I set M = 4 and K = 8. In other words, the 

Fig. 5. Entropic envelope of a sequence from Mothlight 
(Stan Brakhage, 1963). (© Hector Rodriguez)
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image is divided into four rectangles, and every angular gra-
dient can fall into one of eight possible intervals.

The feature vector Ht is then normalized so that all entries 
add up to 1, thus specifying a discrete probability distribu-
tion for image It(x,y). Every image can in this context be 
understood as a discrete random variable with M × (K + 1) 
possible values.

I now use these basic ideas to construct an abstract model 
of cinematic temporality.

The temporality of the cinema is here modeled by assum-
ing that the ideal spectator experiences a movie F one frame 
at a time. The current image IT(x,y) divides all other frames 
of F into those belonging to the past, i.e. the frames It(x,y) 
where t < T, and those belonging to the future, where t > T.

My model assumes that the ideal spectator does not sim-
ply apprehend every frame as disconnected from preceding 
frames. The shape descriptors associated with recent frames 
are not simply forgotten. Rather, the spectator viewing frame 
T retains the shape information from previous frames. Re-
cent frames influence the spectator’s expectation concerning 
the new frame. The influence of each immediately precedent 
frame on the viewer’s expectation decays as a function of its 
distance from the current frame. Let the retention at current 
frame T be

RT = ∑T−1wiHii=1  (4)

where wi ∈ [0,1] is the weight of frame i as a function of its 
distance from the current frame T and Hi is the histogram of 
frame i. I have set the value of wi = 0.95T−i. This setting implies 
that the impact of past frames gradually fades over time.

I model the temporal disequilibrium induced by frame T 
as the divergence of the normalized vector HT from the reten-
tion RT. I quantify this divergence by using the information-
theoretic notion of relative entropy [7].

The Relative Entropy, or Kullback-Leibler Divergence, of 
two discrete distributions p and q is defined as follows:

E(p||q) = ∑p(xi) log2[p(xi)/q(xi)]  (5)

If we consider q as a hypothesized distribution and p as the 
actual distribution, then the relative entropy of p with respect 
to q measures the error induced by the assumption that real-
ity has distribution q when its actual distribution is in fact 
p. More precisely, the relative entropy E(p||q) measures the 
cost, i.e. the number of surplus bits, incurred by any coding 
scheme that assumes that a given variable has probability 
distribution q when its actual distribution is in fact p.

The disequilibrium associated with frame T is given by

ST = E(RT||HT)   (6.1)

where RT and HT are normalized (i.e. they represent prob-
ability distributions).

We can think of ST as a measure of the informational nov-
elty contained in the Tth frame. If it is very high, the present 
image is highly informative relative to the frames in the recent 

past. In other words, (6.1) measures the degree of disequilib-
rium that an ideal spectator experiences when perceiving the 
structure of the current frame in relation to the expectation 
formed on the basis of the recent frames of the movie.

It is possible to avoid the assumption that the ideal viewer 
perceives individual frames by replacing equation (6.1) with 
this alternative measure:

ST = E(RT||RT+1)   (6.2)

This measure compares the retention of the current frame 
with the retention of the coming frame. Since retention is 
always taken over a segment of frames, (6.2) does not use 
isolated images directly. Other modifications of (6.1) are 
possible, in line with the phenomenological doctrine that 
the present is not a point-like instant but an extended (“spe-
cious”) segment of time.

The changing informational content of successive frames 
in a video sequence can be graphed as a curve in ℝ2, where 
every abscissa represents frame T and the corresponding 
ordinate represents the disequilibrium ST. Rising and fall-
ing values of the graph denote the disequilibrium produced 
by unexpected frames. The entropic envelope of a film from 
frame A to frame B, where A < B, comprises the sequence of 
values ST where T runs from A to B.

Note that the relative entropy is not symmetric. The rela-
tive entropy of P with respect to Q is not in general the same 
as that of Q with respect to P. If we reverse the direction of 
time for a given sequence, the shock associated with each 
frame need not remain invariant. The entropic envelope need 
not even have the same shape, only reversed. Rather, it will 
be a qualitatively different curve, with a different pattern of 
peaks and valleys. The relative entropy is thus sensitive to the 
temporal direction of a moving image sequence. Because the 
relative entropy is asymmetric, it is not a genuine distance 
metric in the mathematical sense. This asymmetric property 
is important, for conceptual reasons. It would be inappropri-
ate to use a true mathematical distance to represent temporal 
processes, which are asymmetrically directed from the past 
toward the future. The entropic envelope concept is designed 
to take into account the arrow of time.

ModEl Building

A concept is not, so to speak, found readymade in nature. 
It must be constructed. I have already noted that one of the 
main functions of mathematical models is the construction 
of concepts. I have constructed the concept of an entropic 
envelope by specifying a mathematical model of cinematic 
temporality. The construction of this model was a fairly com-
plex affair that brought together philosophical, aesthetic and 
technical factors. A major goal of this article is to encourage 
researchers in the humanities to pay attention to and reflect 
on the possible role of mathematical models in cinema stud-
ies from these various perspectives.

The design of a mathematical model in the humanities is 
often related to the researcher’s theoretical or philosophical 
commitments. The model presented here was influenced by a 
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philosophical tradition inaugurated by phenomenologist Ed-
mund Husserl [8]. This tradition, as recently developed by 
Bernard Stiegler, regards a film as an essentially temporal ob-
ject. A temporal object “constitutes itself temporally” as “that 
which appears in passing, as that which passes, as that which 
manifests itself in disappearing” [9]. I take it as a given that 
there exist temporal objects like melodies or videos. I also take 
it as a given that we apprehend (perceive, grasp) those objects. 
The question arises as to what is essentially involved in our 
apprehension of a temporal object. To apprehend a temporal 
object demands a threefold experience of attention, retention 
and anticipation. The viewer’s attention to the present mo-
ment is intertwined with their anticipation of the immediately 
upcoming future and their retention of the immediate past. 
This threefold structure of conscious experience affords the 
viewer’s apprehension of temporal objects like melodies or 
films. Husserl proposed that the consciousness of the present 
sound in a musical sequence, for instance, is entwined with 
the retention of previous notes and the anticipation of the 
future notes. The influence of any specific tone on the present 
fades gradually over time, like the tail of a comet.

The concept of an entropic envelope was constructed with 
reference to Husserl’s a priori characterization of time con-
sciousness. Equation (4), in particular, formalizes the impact 
of past frames on the present experience as gradually fading 
over time. The model I am proposing is not, however, simply 
a mechanical implementation of Husserl’s thesis concerning 
the threefold experience of time. No mathematical model 
implements a phenomenological thesis in a mechanical way. 
The design of the model must involve a creative element. The 
philosophical framework does not determine a unique math-
ematical formalization. For instance, nothing in Husserl’s 
doctrine demands the use of information theoretic measures 
like the relative entropy. The philosophical conception guides, 
but does not completely determine, the construction of the 
model. Its designer must make certain choices, and those 
choices will reconfigure the concept of a temporal object. In 
addition, note that the model captures only the general idea 
of Husserl’s thesis rather than any of its specific details.

The model conceptualizes the notion of a temporal ob-
ject as an organized pattern of equilibria and disequilibria. 
This conceptualization depends essentially on computational 
methods. In particular, the formal model is directly appli-
cable only to video sequences available to us in a compu-
tationally tractable form. The films mentioned here were 
originally produced in analog form, and the computation 
of the entropic envelope requires digitized versions of them. 
Digitization presupposes that the films in the corpus under 
investigation have measurable attributes, i.e. attributes with 
quantitative structure [10]. In the case of a movie, the mea-
surable attributes are the brightness levels at specific loca-
tions of every two-dimensional frame. The digital version of 
a single frame consists of measurements of these light inten-
sities, represented by an array of numbers. The digital frame 
is in this sense already a formal object. The formalization of 
every frame in a movie is a condition for the application of 
my model. My model operates not on any brute or unmedi-

ated reality but on data that has already been conceptualized 
in a way that affords computational processing.

Numerical pixel data has to be processed even further to 
be usable in the model. A digital frame is an array of local-
ized brightness values, but this structure is not stable enough 
from frame to frame to sustain the detection of temporal 
patterns. A character might, for instance, move her head only 
slightly, yet this subtle motion would result in very differ-
ent brightness values for each individual pixel across two or 
more successive frames. We must associate each frame with 
some structure that captures the global contour structure in a 
way that is persistent across small changes. For this purpose, 
I construct a histogram of gradient orientations out of the 
pixel data, as described in the technical section of this paper. 
This histogram is a model of the data [11]. Any mathemati-
cal model in the arts will often be based on a highly abstract 
model of that data, or even on several layers of increasingly 
abstract models. A model is a highly mediated construct. 

The data model constrains what the entropic curve model 
can represent. More specifically, the data for each frame is 
modeled as a contour structure, and the successive values of 
the entropic curve represent the relative information con-
tained in the contour structure of frames within the unfold-
ing sequence. I use a model of the data for each frame to 
construct a representation of the temporal sequence.

In addition to this representational function, the entro-
pic envelope model also performs a perceptual or revelatory 
function. By giving us a means for representing certain prop-
erties of image sequences, this model also gives us a means for 
noticing them. In this somewhat loose sense, a mathematical 
model resembles a microscope or a telescope, i.e. a technol-
ogy that is both representational and perceptual. The entropic 
envelope guides our perceptual attention to certain features of 
the moving image sequences. Researchers can use it to learn 
how to pay attention to certain aspects of the visual rhythm 
of cinematic sequences that they might not otherwise detect.

Every mathematical model embodies a norm for its use. 
To be a competent user of this model is to know that the en-
tropic envelope does not represent any information regard-
ing narrative objects or events. The model only represents 
the relative contour information of every frame in a moving 
image sequence. To be able to read the entropic curve of a 
cinematic sequence is in part to know what the curve can 
and cannot represent. The curve is a graphical object, but 
it only conveys information to someone who knows how it 
is intended to be understood. The viewer who understands 
what the model represents is capable of paying attention to 
those properties of any image sequence represented by the 
model of that sequence. The competent user of the model is 
capable of looking at movies according to the model.

The entropic envelope can be viewed as a model of the film 
being analyzed and as a model of the user of the model. It is 
a model of the films in that it represents and reveals certain 
properties of those films. It is a model of the viewer in that 
it supplies a norm for viewing. The model mediates between 
the viewer and the moving images.

The point of this model is not to reproduce or represent 
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what “average” or “normal” viewers actually experience when 
viewing a film. Rather, one of the main uses of this model is 
to reshape how we look at the film, so that we might come 
to detect aspects of the temporal organization of images for 
which we currently lack critical concepts.

The entropic envelope is a computational framework for 
the formal analysis of cinematic art. A crucial assumption 
behind its design is that the temporal patterns detected by the 
entropic envelope capture aesthetically relevant properties 
of image sequences. These properties pertain to the level of 
analysis that neoformalist film theory refers to as the “sur-
face texture” or “film style” level [12]. The model embodies 
an aesthetic commitment, i.e. that this surface texture is an 
intrinsically valuable object of analysis. I would suggest that 
many moviemakers organize the stream of images as patterns 
of equilibria and disequilibria that compose the distinctive 
rhythm of the film. In this sense, the research method ap-

plied here accords with certain aspects of the creative process 
whose outcomes are being researched. Without the possi-
bility of the temporal patterning of contour structures, cin-
ematic art would not be what it is.

ConCluSion

This article has presented the concept of an entropic enve-
lope, which encapsulates a mathematical model of the tem-
poral organization of video sequences. My aim in presenting 
this model is to highlight the importance, for cinema scholars 
and other humanists, of undertaking research on the nature 
of model building as a multidimensional process that brings 
together philosophical, aesthetic and technological factors. 
Future work on this model will involve its extension to the 
analysis of sound and narrative content as well as its applica-
tion in domains like games and performances that involve at 
least some degree of temporal patterning.
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