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ABSTRACT:

Processing of image sequences is a very actual trend now. This is confirmed with a vast amount of researches in that area. The
possibility of an image sequence processing and pattern recognition became available because of increased computer capabilities and
better photo and video cameras. The feature extraction is one of the main steps during image processing and pattern recognition. This
paper presents a novel classification of features of image sequences. The proposed classification has three groups: 1) features of a
single image, 2) features of an image sequence, 3) semantic features of an observed scene. The first group includes features extracted
from a single image. The second group consists of features of any kinds of image sequences. The third group contains semantic
features. Reverse feature clarification method is the iterative method when on each iteration we use higher level features to extract
lower level features more precisely. The proposed classification of features of image sequences solves a problem of decomposition of
the source feature space into several groups. Reverse feature clarification method allows to increase the quality of image processing
during iterative process.

INTRODUCTION

Today we can see the growing popularity of methods of process-
ing of image sequences. This is due to several factors. At first,
the increasing capabilities of computer systems allow to process
more images for the constant time. Secondly, more powerful sen-
sors can provide several images at the same time. For exam-
ple, during multispectral photography cameras give several im-
age of a single place in different frequency spectrums. Also we
can consider here video recording instead of simple photography.
Thirdly, complex methods and algorithms of image processing
evolve. Some of them requires creating or generating new im-
ages based on current image during their work. This is done for
extracting more image features from a single image. For exam-
ple, during wavelet analysis three additional images are gener-
ated. Forthly, in the most cases an image sequence contain more
information than a single image. Therefore, processing of the
whole sequence should give us more precise results. A lot of
publications in this area only confirms its actuality.

Feature extraction is one of the main steps during image process-
ing and pattern recognition. It can also be performed during pro-
cessing of image sequences. While single image features and
ways of their extraction are well-known, features of image se-
quences is not studied well enough. With the growth of the num-
ber of features there is a problem of their ordering. This paper
presents a general mathematical model of feature extraction from
digital image sequences and a novel classification of features of
image sequences. The reverse feature clarification method is de-
scribed. It allows to increase results of image processing and
pattern recognition during an iterative process.

In chapter 1 we show the evolution of methods of image se-
quences processing. Chapter 2 briefly describes the main kinds
of image sequences. The general mathematical models of image
sequences are given in chapter 3. The classification of image se-
quences features and the reverse feature clarification method are
described in chapter 4.

1. THE EVOLUTION OF IMAGE SEQUENCES
PROCESSING

The first references of image sequences appeared almost at the
same time after the digital image processing was born in the
1950-1960s (Pratt, 1974, Meyer-Eppler and Darius, 1956, Anuta,
1969, Barnea and Silverman, 1972). In that time there was no
term of image sequences, because computers were very limited
and the scientists were focused on processing of a single im-
age. With the growth of capabilities of computers and cameras
the number of publications related to image sequences increased.

In (Pratt, 1974, Meyer-Eppler and Darius, 1956, Anuta, 1969)
a problem of comparing shifted objects on two images was de-
scribed. Authors used a correlation link between objects. The
images had the same object came from different sensors or from
single sensor but with time delay. In (Barnea and Silverman,
1972) authors used the sequential approach instead of correla-
tional. The optimization of the given methods were described.
The correlational approach uses the finding of a maximum of a
correlation function. The sequential approach uses the iteration
over the image pixels and their comparison with the neighbor-
hood of the first object.

In (Jain and Jain, 1981, Jain, 1981, Jane et al., 1995) the methods
that uses motion in spatial area for segmentation were given. Au-
thors used the approaches of building of image differences. Math-
ematical model of images of a sequence looks like f(x, y, ti),
where we can see the third argument — the time of the frame.
This description is suitable for describing video sequences. Au-
thors of (Rajala et al., 1983, Shariat and Price, 1990, Cumani et
al., 1991, Dellen and Wrgtter, 2011) also studied the problems of
using motion during segmentation, but in spectral area using the
Fourier transform. Moreover the motion estimation is described
in (Shapiro and Stockman, 2001, Sonka et al., 1999).

At the end of 1980s — beginning of 1990s the first publications
related to wavelet analysis were published (Mallat, 1987, Meyer,
1992, Daubechies, 1992). Many image processing (Castleman,
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1996) and compression (Antonini et al., 1992) methods were based
on wavelets.

2. TYPES OF IMAGE SEQUENCES

There are a lot of kinds of image sequences. The main are video
sequences and image sequences created during multiscale trans-
forms (Zhiznyakov, 2007). They are image pyramids and images
created during wavelet analysis. Besides there are some more
types of image sequences. They are processed with the same
methods as used with main kinds of image sequences. The other
types are:

1. Images from multispectral photography.

2. Color images. During processing of color images the sources
pixels are intensity values of the each color.

3. Image sequences generated with some processing operators
(filters etc.).

Detailed review of different types of image sequences can be
found in (Pugin, 2014).

3. MATHEMATICAL MODELS OF IMAGE
SEQUENCES

There are a lot of mathematical models of image sequences today.
Because the number of problems in this area is great, authors
often choose well-suited models for their purposes or simply do
a verbal description of the image sequence model. In this case
they assume that image sequence is a set of two or more images
related to each other by some criteria, operator or semantics. For
example, during video sequences processing the next formula is
used (Shapiro and Stockman, 2001):

F = f(x, y, ti), (1)

where F — the image sequence, f(x, y, ti) — the frame in time
ti (i = 1, 2, ..., n).

Color image in RGB format can be described as

F = {fR, fG, fB}. (2)

The sequence of generated images during processing can be pre-
sented as

F = {T1[f ], T2[f ], ..., Tn[f ]}, (3)

where Ti[•] — some operator (i = (1, 2, ..., n)).

Another approach of mathematical model of image sequences is
given in (Zhiznyakov, 2008). An image sequence {fn} is an or-
dered set of images f . Every image has an index

{fn} = {f0, f1, ..., fn}. (4)

The expression (4) is well suited for many kinds of image se-
quences, so we will be using it in the next chapters.

Each image fi(x, y) of the sequence has its own set of features
Si. So, we can build the next sequence

{Sn} = {S0,S1, ...,Sn}. (5)

4. CLASSIFICATION OF FEATURES OF IMAGE
SEQUENCES

The proposed classification has three groups:

1. ”classic” image features or features of a single image,

2. features of an image sequence,

3. semantic features of an observed scene.

The first group includes features extracted from a single image
f(x, y). Let Oi[·] be an operator of feature extraction. And the
feature extraction process can be described as

X1 = O1[f(x, y)], (6)

where X1 — the set of features of the image of the first group.
This group includes statistical, fractal (Zhiznyakov et al., 2014),
geometric, topological, color, spectral features.

The second group consists of features of any kinds of image se-
quences. The feature extraction can be done as

X2 = O2[fn(x, y)] (7)

or
X′

2 = O′
2[{X1},X2], (8)

where X2, X′
2 — extracted features, O2[·], O′

2[·] — the extrac-
tion operators, fn(x, y) — the set of images or the image se-
quence, {X1}— the set of first group features of the image se-
quence. The first form is used for extracting image features from
the image sequence fn(x, y). The extraction can use only several
images of the sequence. The second form extracts features using
first and second feature groups. Image sequence features are used
in motion and change detection, motion analysis, object detection
and tracking and in some other areas. Feature examples of video
sequences are the focus of expansion, the focus of contraction,
the motion field, speed of changing of features of the first group
during the sequence.

The third group contains semantic features. These features are
usually selected empirically and based on the features of previous
groups. Such features are used for understanding of 3D-scenes
and objects, their analysis, behavior estimation. The extraction
of semantic features is

X3 = O3[{X1},X2], (9)

where X3 — a set of semantic features. Sometimes it is possible
to extract semantic features from each other

X′
3 = O3′ [X3] (10)

or from all groups of features

X′
3 = O3′ [{X1},X2,X3]. (11)

Examples of semantic features are speed of objects on the scene,
movement vector in 3D-space, other scene characteristics.

The general algorithm of features extraction from an image se-
quence can be described as:

1. Extract features from every single image in sequence and
add them to common multidimensional array.

2. Extract sequence features from the given array.
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3. Extract semantic features from the features of two first steps.

To increase the quality of image processing and pattern recogni-
tion it is necessary to study the influence of proposed groups of
features on each other. Obviously that the features of the lower
groups directly affect the higher level feature. Many research
papers aims to study such influence. But in the same time it is
interesting to investigate the backward influence of higher level
features on the lower level features. There is a lack of research
papers in that area. This task can solve the following question:
”If we know semantics of the scene, can we improve the quality
of recognition of the separate objects on it?”

Let’s call such technique as ”reverse feature clarification method”.
It is the iterative method when on each iteration we use higher
level features to extract lower level features more precisely. For
example this method can be used in reconstruction of the location
of the hidden object on early frames of video sequence in case if
this object has predictable speed and stable forms (find a car in
the car stream).

In general case we can present the reverse feature clarification
method as

Xk+1
i = Q[Xk

j ], 1 ≤ i < j ≤ 3, (12)

where Xk
i — features of i group of image sequence on iteration

k; i, j — numbers of features groups, k — the iteration number,
Q[•] — the operator of clarification.

CONCLUSIONS

In this paper we did a review of evolution, types and mathematical
models of image sequences. We presented a novel classification
of image features extracted from image sequences. The proposed
classification of features of image sequences solves a problem of
decomposition of the source feature space into several well de-
fined groups. The reverse feature clarification method is given.
It is based on presented classification. Reverse feature clarifica-
tion method allows us to increase the quality of image processing
during an iterative process.

REFERENCES

Antonini, M., Barlaud, M. and Mathieu, P., 1992. Image coding
using wavelet transform. IEEE Trans. Image Processing 1(2),
pp. 205–220.

Anuta, P. F., 1969. Digital registration of multispectral video
imagery. Photo-Optical Instr. Engineers J. pp. 168–178.

Barnea, D. I. and Silverman, H. F., 1972. A class of algorithms
for fast image registration. IEEE Trans. Computers pp. 179–186.

Castleman, K. R., 1996. Digital Image Processing. Prentice Hall.

Cumani, A., Guiducci, A. and Grattoni, P., 1991. Image descrip-
tion of dynamic scenes. Pattern Recognition 24(7), pp. 661–674.

Daubechies, I., 1992. Ten Lectures on Wavelets. Society for
Industrial and Applied Mathematics.

Dellen, B. and Wrgtter, F., 2011. A local algorithm for the com-
putation of image velocity via constructive interference of global
fourier components. International Journal of Computer Vision
92, pp. 53–70.

Jain, J. R., 1981. Dynamic scene analysis using pixel-based pro-
cesses. Computer 14(8), pp. 12–18.

Jain, J. R. and Jain, A. K., 1981. Displacement measurement and
its application in interframe image coding. IEEE Trans. Comm.
COM-29, pp. 1799–1808.

Jane, R., Kasturi, R. and Schunk, B., 1995. Computer Vision.
McGraw-Hill.

Mallat, S., 1987. A compact multiresolution representation: The
wavelet model. Proc. IEEE Computer Society Workshop on
Computer Vision pp. 2–7.

Meyer-Eppler, W. and Darius, G., 1956. Two-dimensional photo-
graphic autocorrelation of pictures and alphabet letters. Proceed-
ings 3rd London Symposium on Information Theory pp. 34–36.

Meyer, Y., 1992. Wavelets and applications. Proceedings of the
International Conference, Marseille, France.

Pratt, W. K., 1974. Correlation techniques of image registration.
IEEE Trans. Aerospace and Electronic Systems pp. 353–358.

Pugin, E. V., 2014. Review of methods and algorithms of pro-
cessing of sequences of digital images. Algorithms, methods and
systems of data processing (3), pp. 50–59.

Rajala, S. A., Riddle, A. N. and Snyder, W. E., 1983. Application
of one-dimensional fourier transform for tracking moving objects
in noisy environments. Computer vision, Image processing 21,
pp. 280–293.

Shapiro, L. G. and Stockman, G., 2001. Computer Vision. Pren-
tice Hall.

Shariat, H. and Price, K. E., 1990. Motion estimation with more
than two frames. IEEE Trans. Pattern Anal. Machine Intell. 12(5),
pp. 417–434.

Sonka, M., Hlavac, V. and Boyle, R., 1999. Image Processing,
Analysis, and Machine Vision. PWS Publishing.

Zhiznyakov, A. L., 2007. Formation and analysis of feature sets
of multiscale sequences of digital images. Program products and
systems (4), pp. 24.

Zhiznyakov, A. L., 2008. Theoretical foundations of processing
of multiscale image sequences. Vladimir State University.

Zhiznyakov, A., Privezentsev, D. and Pugin, E., 2014. Use of
fractal signs of digital images for detection of surface defects.
Institute of Electrical and Electronics Engineers Inc., pp. 391–
392. Conference of 2014 24th International Crimean Conference
Microwave and Telecommunication Technology, CriMiCo 2014.

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-5/W6, 2015 
Photogrammetric techniques for video surveillance, biometrics and biomedicine, 25–27 May 2015, Moscow, Russia

This contribution has been peer-reviewed. 
doi:10.5194/isprsarchives-XL-5-W6-79-2015

 
81




