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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to the field of information coding technology, particularly
to a method and device for encoding space-time signals.

BACKGROUND

[0002] The form that exists in a certain time and space is a source of information, for example,
the propagation of light in space forms dynamic images, the flow of large numbers of water
molecules produces ocean information, and the dynamic movement of air molecules and other
floats forms climate information. In terms of dynamic images, humans and creatures perceive
the world by capturing photons through their eyes, and the modern camera records the
dynamically changing world by using CCD (Charge-coupled Device) or CMOS (Complementary
Metal Oxide Semiconductor) to capture photons, which generates large amounts of image and
video data.

[0003] Traditional methods of representing dynamic images are two-dimensional images and
videos as sequences of images. The traditional image is a two-dimensional information form.
The narrowly defined image is the result that light is projected on a photographic plane after
reflection, diffuse reflection, refraction or scattering in the physical world. The generalized
image includes any information form distributed on a two-dimensional plane. The image
represented by the digital form is more convenient to process, transmit and store, so it is
necessary to transform an image in the analog signal form into an image represented by the
digital form, i.e. a digital image. The process of image digitization mainly includes three steps:
sampling, quantization and coding. Sampling is a process of discretizing the space distribution
of an image. For a two-dimensional image, the most common way is to divide a rectangular
area covered by the image into equal-sized sampling points at equal intervals, and the number
of rows of sampling points and the number of sampling points per row are usually called digital
image resolution (more accurate resolution refers to the number of sampling points per unit
physical size). Quantization is a process of discretizing the color (or other physical quantities)
of an image at each sampling point, which is generally represented by a quantization level. The
quantized values of each sampling point and its color (or other physical quantities) form one
pixel of the image, and all pixels arranged in rows or columns form a digital image.

[0004] The traditional concept of video is a sequence of images obtained at a certain time
interval. An image in the sequence is also called a frame image. Therefore, a video is also an
image sequence. The time interval division between images is also a part of sampling. Usually,
equal interval division is adopted, and the number of images collected per second is called
frame rate. In order to ensure that the information is not lost in the process of digitalization,
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that is, complete restoration can be achieved when the information is restored to the analog
form, according to the sampling theorem, it needs to be sampled at least twice the frequency
of the image spatial signal.

[0005] The video collected in the traditional way produces a large amount of data after the
digitalization. Taking a high-definition video as an example, the amount of data per second is
1920 x 1080 x 24 bits x 30 frames per second= 1492992000 bits per second, which is about
1.5Gbps. It is almost impossible for network and storage technology to transmit such amount
of data through a broadcast communication network, or to provide video services for
thousands of users on the internet, or to store video data generated by millions of cameras in
cities for 24 hours. A large amount of redundancy needs to be removed in high-precision digital
video data, which is the central goal of digital video coding, so digital video coding is also called
digital video compression. From the research of Hoffman coding and differential pulse coding
modulation in the late 1840s and early 1850s, video coding technology has experienced the
development for nearly 60 years. In this process, three types of classical techniques including
transform coding, prediction coding and entropy coding were generally formed to remove
spatial redundancy, temporal redundancy and information entropy redundancy of video signals
respectively.

[0006] Based on the requirement of technology accumulation and information technology
development for more than 30 years, various video coding technologies began to converge in
the 1980s, and gradually formed a block-based hybrid coding framework of prediction and
transformation. The hybrid coding framework was standardized by the standardization
organization, and began to be applied on a large scale in the industry. There are two major
international organizations specializing in the formulation of video coding standards in the
world, namely the MPEG (Motion Picture Experts Group) organization under the ISO/IEC and
the VCEG (Video Coding Experts Group) organization of the ITU-T. The MPEG founded in
1986 is specifically responsible for the developing of related standards in the multimedia field,
which is mainly used in storage, broadcast television, streaming media on the Internet or
wireless network and so on. ITU, the International Telecommunication Union, mainly
formulates video coding standards for the field of real-time video communications, such as
video telephony, video conference and other applications. The AVS working group, set up by
China in June 2002, is responsible for formulating corresponding digital audio and video coding
standards for the domestic multimedia industry.

[0007] In 1992, the MPEG organization formulated the MPEG-1 standard (launched in 1988,
was a superset of ITU H.261) for VCD (Video Compact Disk) application with a data rate of
about 1.5 Mbps; in 1994, the MPEG-2 standard (launched in 1990) for applications such as
DVD and digital video broadcasting was released, which is applicable to bit rates of 1.5-60
Mbps or even higher; in 1998, the MPEG formulated the MPEG-4 standard (launched in 1993,
based on the MPEG-2 and H.263) for low bit rate transmission. ITU basically kept pace with
the development of the MPEG, and also formulated a series of H.26x standards. The H.261
standard, which began in 1984, was a precursor to the MPEG-1 standard and was basically
completed in 1989, mainly formulated for realizing videophone and video conference on ISDN.
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On the basis of H.261, the ITU-T formulated the H.263 coding standard (launched in 1992) in
1996, and successively introduced H.263+, H.263++, etc.

[0008] In 2001, the ITU-T and the MPEG jointly established the JVT (Joint Video Team)
working group, and set up a new video coding standard. The first edition was completed in
2003. The standard was called the tenth part of the MPEG-4 standard (MPEG-4 PartAVC) in
the ISO, and called the H.264 standard in the ITU. Four months later, the Microsoft-led VC-1
video coding standard was promulgated as an industry standard by the Society of Motion
Picture and Television Engineers (SMPTE) of America. In 2004, a national standard with
independent intellectual property rights was developed in China, and it was promulgated as a
national standard of "Information Technology Advanced Audio and Video Coding Part Il Video"
(National label GB/T 20090.2-2006, usually referred to as the AVS video coding standard for
short) in February 2006, after industrialization verification such as chip implementation. These
three standards are usually referred to as the second generation video coding standard, and
their coding efficiency is double that of the first generation, and the compression ratio is up to
about 150 times, that is, a high-definition video (under the condition that the quality meets the
broadcast requirements) may be compressed to 10 Mbps or less.

[0009] In the first half of 2013, ITU-T H.265 and ISO/IEC HEVC (High Efficiency Video Coding)
as the third generation video coding international standard were promulgated, and the coding
efficiency was doubled that of H.264. In parallel with this, China formulated the second
generation AVS standard AVS2, which is called "Information Technology Efficient Multimedia
Coding". Compared with the first generation AVS standard, the code rate of AVS2 is reduced
by more than 50%, which means that the coding efficiency is doubled. For a scene-like video
such as a monitoring video, the compression efficiency of AVS2 is further doubled, and up to
four times that of AVC/H.264, that is, the compression efficiency has reached 600 times.

[0010] Although modern video coding technology has already achieved remarkable results and
has been widely applied, and the compression efficiency has realized "doubling every ten
years", it is far from reaching an ideal level. According to the existing research report, the
global data volume reached 2.84 ZB in 2012. By 2020 the figure will rise to 40 ZB, which will
double about every two years, of which the monitoring video will account for 44%. In other data
such as health data, transaction data, network media, video entertainment data, etc., the
image and the video will also account for a large proportion. In China, more than 30 million
cameras have been installed in public places, and these cameras have produced nearly 100
EB video which requires hundreds of billions of yuan in storage. Therefore, the technological
progress of "doubling every ten years" in video coding efficiency has been far from satisfying
the rapid growth of "doubling every two years" in video big data, and how to improve the video
coding efficiency has become a major challenge in the information age.

[0011] As mentioned above, the formation of video concept originates from the invention of
film, and the basis for the technique scheme of representing a video with an image sequence
is visual persistence phenomenon of human vision. The film uses 24 frames per second and
the television uses 25 or 30 frames per second, which can basically meet the needs of human
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eyes to get a continuous sense. This technical setting is also solidified as a technical formula
with the wide application of film, television and personal camera equipment. However, the
disadvantages of this method of representing dynamic images are also obvious. It can't record
high-speed movements such as a rotating wheel, a high-speed sport table tennis or even
soccer. It also fails to catch the movement details in video monitoring, and it can't support
scientific research, high-precision detection and other special requirements. New high-
definition and ultra-high definition televisions are also trying to increase the frame rate to 60
frames per second or even higher to better represent high-speed sports such as table tennis.
However, such a video frame rate can't represent a faster changing physical phenomenon, so
high frequency cameras appear. Their frame rate can reach 1000 frames per second, even
10,000 frames or higher. The problem is the large-scale growth of data volume, and the
corresponding acquisition and processing circuit design are expensive or even impossible.
More importantly, the increase in the frame rate means exposure time of a single frame is
reduced, and the exposure of the collected single frame image is seriously insufficient. A way
to compensate this is to increase pixel size, which brings about the reduction of spatial
resolution. In the final analysis, all of these problems are caused by video acquisition and
representation using "first space, after time" equal time interval method. This method is only a
technological choice based on the persistence characteristics of human vision when the film
appears, does not mean it is the best solution to represent dynamic images.

[0012] Therefore, it is an urgent problem to develop an effective video coding method that
takes account of temporal information and spatial information simultaneously. The document
LAZAR A A ET AL: "Video Time Encoding Machines"|IEEE TRANSACTIONS ON NEURAL
NETWORKS, IEEE SERVICE CENTER, PISCATAWAY, NJ, US, vol. 22, no. 3, 1 March 2011
(2011-03-01), pages 461-473 discloses architectures for time encoding of visual stimuli using a
bank of filters in cascade with neural circuits.

SUMMARY

[0013] Embodiments of the present invention provide a method and device for encoding
space-time signals, so as to provide a coding method for space-time signals that takes account
of temporal information and spatial information simultaneously.

[0014] In order to realize the above purpose, the present invention adopts the following
technical solutions.

[0015] According to one aspect of the present invention, a method for encoding space-time
signals is provided, including:

collecting a space-time signal at each one of local spatial positions in a monitoring area, the
local spatial positions constituting the monitoring area;

performing time-domain coding on the space-time signal at the each local spatial position to
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obtain a pulse sequence representing a change process of the space-time signal at the each
local spatial position; and

performing space-domain coding on pulse sequences of all of the local spatial position
according to a spatial position relation to obtain a pulse sequence array.

[0016] Performing time-domain coding on the space-time signal at the each local spatial
position to obtain a pulse sequence representing a change process of the space-time signal at
the each local spatial position comprises:

accumulating the space-time signal at the each local spatial position according to time to obtain
a cumulative signal intensity value;

transforming the cumulative signal intensity value, and outputting a pulse signal when a
transformation result exceeds a specific threshold; and

arranging pulse signals corresponding to the each local spatial position into a sequence
according to time, so as to obtain the pulse sequence representing the change process of the
space-time signal at the each local spatial location.

[0017] Collecting a space-time signal at each one of local spatial positions in a monitoring area
comprises:

collecting the space-time signal from a designated local spatial position by each signal collector
to complete time-domain sampling; and completing space-domain sampling of the monitoring
area by a plurality of signal collectors arranging into an array and cooperating with each other
to cover the monitoring area.

[0018] The space-time signal is an optical signal, and the signal collector is a photosensitive
device, and accumulating the space-time signal at the each local spatial position according to
the time to obtain a cumulative signal intensity value comprises:

an electrical signal intensity output by an signal collector through a photoelectric conversion
being positively correlated to a collected light intensity; the signal collector being connected to
one or more signal accumulators, and the signal collector transmitting the electrical signal
intensity to the connected signal accumulators;

accumulating a signal in a past period of time by the signal accumulators, and output ends of
the signal accumulators being the cumulative signal intensity value; one signal accumulator
being connected to one filter, and the signal accumulator transmitting the cumulative signal
intensity value to the connected filter; and

the filter taking one or more signal accumulators as input, transforming input cumulative signal
intensity values according to a specific filter function, and outputting a pulse signal
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corresponding to a local spatial position when a transformation result exceeds the specific
threshold.

[0019] When the signal collector is connected to multiple signal accumulators, the signal
collector outputs the electrical signal intensity to all downstream signal accumulators at a same
time; or, the electrical signal intensity is evenly assigned to all downstream signal
accumulators; or, the electrical signal intensity is assigned to all downstream signal
accumulators according to a certain weight, and the weight is a function of a spatial position
distance between the multiple signal accumulators and the signal collector.

[0020] The multiple signal accumulators are time-limited rolling signal accumulators or time-
unlimited signal accumulators, the time-limited rolling signal accumulators only accumulate a
signal in a specific period of time before a current time, and an earlier signal is automatically
cleared; and the time-unlimited signal accumulators implement accumulation continuously.

[0021] The filter function of the filter is set according to a sparsity of a spatial position that the
filter needs to capture, and the sparsity of the spatial position that the filter needs to capture is
determined according to a local spatial scope of a signal collected by a signal collector
associated with the filter; and/or

the monitoring area is covered by using multiple filters through a redundant design, and a
sparse mode of the each local spatial position in the monitoring area can be captured by a
corresponding filter; and/or

a multi-level redundancy design is adopted on space scale coverage for the multiple filters, the
filters of different levels are sensitive to spatial sparsity of corresponding space scales, and an
effective capture of any scale sparsity in the monitoring area is realized by a cooperation of the
multi-level filters; and/or

the filter transforms the cumulative signal intensity values from the one or more signal
accumulators according to a set filter function, so as to obtain transformation coefficients
related to signal distribution within a local spatial position, when a transformation coefficient
exceeds a preset threshold, the filter outputs a pulse signal which carries a pulse intensity, and
there is a corresponding relationship between the pulse intensity and the cumulative signal
intensity value; and/or

after the filter outputs pulse signals, all signal accumulators corresponding to the filter are
reset.

[0022] The filter is a binary filter, and the filter function is a threshold function;

when there is only one signal accumulator as an input of the binary filter, if the cumulative
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signal intensity value input by the signal accumulator exceeds a specified threshold, the binary
filter outputs a pulse signal, otherwise no pulse signal is output; or,

when there are multiple signal accumulators as inputs of the binary filter, the binary filter
implements a simple accumulation or a weighted accumulation according to certain rules, and
performs a filtering transformation for cumulative signal intensity values input by the multiple
signal accumulators, if a transformation result exceeds a specified threshold, the binary filter
outputs a pulse signal, otherwise no pulse signal is output.

[0023] The method further comprises:

performing time-domain discrete representation for pulse outputs of the filter by using a high
frequency clock, so that the pulse outputs of the filter occur only at times of equal intervals,
transformation coefficients output by all fiters at a same time forming a sparse array, a
transformation coefficient corresponding to filters without output at the time being 0, and
sparse arrays being arranged into a transformation coefficient array in a sequence of equal
time intervals.

[0024] Pulses output binary filter are represented by binary numbers, when the binary filter
outputs a pulse, it is represented by 1, otherwise it is represented by 0; at a same time, a
binary filter with a pulse output outputs 1, and a binary filter without pulse output outputs 0; and
all outputs at the same time constitute a binary sparse array according to a filter array, and
binary sparse arrays at all times are arranged into a binary sparse sequence array according
to a sequence of equal time intervals specified by a clock.

[0025] The method further comprises:

a signal collector, a signal accumulator and a filter constituting a "collection-accumulation-
transformation” triplet in a one-to-one form, that is, each signal collector outputs only one
signal accumulator, and each signal accumulator outputs only one filter; a signal intensity of an
output end of the signal accumulator represents an accumulative value of a signal intensity
collected by the signal collector over a past period of time, and when the signal intensity
exceeds a specific threshold, the filter outputs a pulse signal.

[0026] The pulse signal is represented by a binary 1; a pulse sequence of a local spatial
position corresponding to a signal collector is a binary sequence in which 1 appears
intermittently, and a time interval between two Is in the sequence indicates required time for
accumulating a later 1 of the two Is; and a binary sequence, in which all numbers are 1,
indicates that a signal at the local spatial position corresponding to the signal collector is
always in a highest intensity state; and

all binary sequences are arranged into a binary sequence array according to spatial positions.

[0027] A reconstructed image at time tg is a pixel value of | at position (i, j), which is a number

of Is appeared in a past At of a corresponding binary sequence, and A t is set as needed.
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[0028] The method further comprises: representing a binary sequence in a compact way with
fewer bits according to a statistical correlation before and after the binary sequence.

[0029] The method further comprises: recoding the binary sequence array according to a
statistical correlation between adjacent and close sequences in space.

[0030] The method further comprises: recovering the binary sequence array according to an
inverse process of a compact bit stream generation process.

[0031] According to another aspect of the invention, a device for encoding space-time signals
is provided, which includes a signal collector, a time-domain coding module and a space-
domain coding module;

wherein the signal collector is used to collect a space-time signal at each one of local spatial
positions in a monitoring area, the local spatial positions constitute the monitoring area;

the time-domain coding module is used to perform time-domain coding on the space-time
signal of the each local spatial position, so as to obtain a pulse sequence representing a
change process of the space-time signal at the each local spatial position; and

the space-domain coding module is used to perform space-domain coding on pulse sequences
of all of the local spatial positions according to a spatial position relation to obtain a pulse
sequence array.

[0032] The time-domain coding module comprises:

a signal accumulator, used to accumulate the space-time signal at the each local spatial
position according to time to obtain a cumulative signal intensity value;

a filter, used to transform the cumulative signal intensity value, and output a pulse signal when
a transformation result exceeds a specific threshold; and

a processing unit, used to arrange pulse signals corresponding to the each local spatial
position into a sequence according to time, so as to obtain the pulse sequence representing
the change process of the space-time signal at the each local spatial location.

[0033] The signal collector is specifically used to collect the space-time signal from a
designated local spatial position to complete time-domain sampling; and multiple signal
collectors are arranged into an array and cooperate with each other to cover the monitoring
area, and complete space-domain sampling of the monitoring area.

[0034] The space-time signal is an optical signal, and the signal collector is a photosensitive
device.
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[0035] An electrical signal intensity output by the signal collector through a photoelectric
conversion is positively correlated to a collected light intensity; the signal collector is connected
to one or more signal accumulators, and the signal collector transmits the electrical signal
intensity to the connected signal accumulators;

the signal accumulator accumulates a signal in a past period of time, and an output end of the
signal accumulator is the cumulative signal intensity value; one signal accumulator is
connected to one filter, and the signal accumulator transmits the cumulative signal intensity
value to the connected filter; and

the filter takes one or more signal accumulator as input, transforms input cumulative signal
intensity values according to a specific filter function, and outputs a pulse signal corresponding
to a local spatial position when a transformation result exceeds the specific threshold.

[0036] When the signal collector is connected to multiple signal accumulators, the signal
collector outputs the electrical signal intensity to all downstream signal accumulators at a same
time; or, the electrical signal intensity is evenly assigned to all downstream signal
accumulators; or, the electrical signal intensity is assigned to all downstream signal
accumulators according to a certain weight, and the weight is a function of a spatial position
distance between the multiple signal accumulators and the signal collector.

[0037] The multiple signal accumulator are time-limited rolling signal accumulators or time-
unlimited signal accumulator, the time-limited rolling signal accumulators only accumulate a
signal in a specific period of time before a current time, and an earlier signal is automatically
cleared; and the time-unlimited signal accumulators implement accumulation continuously.

[0038] The filter function of the filter is set according to a sparsity of a spatial position that the
filter needs to capture, and the sparsity of the spatial position that the filter needs to capture is
determined according to a local spatial scope of a signal collected by a signal collector
associated with the filter; and/or

the monitoring area is covered by using multiple filters through a redundant design, and a
sparse mode of the each local spatial position in the monitoring area can be captured by a
corresponding filter; a multi-level redundancy design is adopted on space scale coverage for
the multiple filters, the filters of different levels are sensitive to spatial sparsity of corresponding
space scales, and an effective capture of any scale sparsity in the monitoring area is realized
by a cooperation of the multi-level filters; and/or

the filter transforms cumulative signal intensity values from the signal accumulator according to
a set filter function, so as to obtain transformation coefficients related to signal distribution
within a local spatial position, when a transformation coefficient exceeds a preset threshold, the
filter outputs a pulse signal which carries a pulse intensity, and there is a corresponding
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relationship between the pulse intensity and the cumulative signal intensity value; and/or

after the filter outputs pulse signals, all signal accumulators corresponding to the filter are
reset.

[0039] The filter is a binary filter, and the filter function is a threshold function;

when there is only one signal accumulator as an input of the binary filter, if the cumulative
signal intensity value input by the signal accumulator exceeds a specified threshold, the binary
filter outputs a pulse signal, otherwise no pulse signal is not output;

when there are multiple signal accumulators as inputs of the binary filter, the binary filter
implements a simple accumulation or a weighted accumulation according to certain rules, and
performs a filtering transformation for cumulative signal intensity values input by the multiple
signal accumulators, if a transformation result exceeds a specified threshold, the binary filter
outputs a pulse signal, otherwise no pulse signal is output.

[0040] The device further comprises: a transformation coefficient processing module,
configured to:

perform time-domain discrete representation for pulse outputs of the filter by using a high
frequency clock, so that the pulse outputs of the filter occur only at times of equal intervals,
transformation coefficients output by all filters at a same time form a sparse array, a
transformation coefficient corresponding to filters without output at the time is 0, and sparse
arrays are arranged into a transformation coefficient array in a sequence of equal time
intervals.

[0041] Pulses output binary filter are represented by binary numbers, when the binary filter
outputs a pulse, it is represented by 1, otherwise it is represented by 0; at a same time, a
binary filter with a pulse output outputs 1, and a binary filter without pulse output outputs 0; and
the space-domain coding module is further configured to: outputs of all binary filters at a same
time constitute a binary sparse array according to a filter array, binary sparse arrays at all
times are arranged into a binary sparse sequence array according to a sequence of equal time
intervals specified by a clock.

[0042] The signal collector, the signal accumulator and the filter constitute a "collection-
accumulation-transformation” triplet in a one-to-one form, that is, each signal collector outputs
only one signal accumulator, and each signal accumulator outputs only one filter; a signal
intensity of an output end of the signal accumulator represents an accumulative value of a
signal intensity collected by the signal collector over a past period of time, and when the signal
intensity exceeds a specific threshold, the filter outputs a pulse signal.

[0043] The pulse signal is represented by binary 1; a pulse sequence of a local spatial position
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corresponding to the signal collector is a binary sequence in which 1 appears intermittently,
and a time interval between two Is in the sequence indicates required time for accumulating a
later 1 of the two Is; and a binary sequence, in which all numbers are 1, indicates that a signal
at the local spatial position corresponding to the signal collector is always in a highest intensity
state; and

all binary sequences are arranged into a binary sequence array according to spatial positions.

[0044] The signal collector is a photosensitive device, and all signal collectors are arranged
into a photosensitive array, the signal accumulator is a photoelectric conversion circuit with a
time accumulation function, the filter is a binary pulse filter, and the signal accumulator and the
filter constitute a time-delay binary pulse filter, the device is a new type of camera device, in
which an imaging unit works independently, and indicates a signal intensity corresponding to a
local spatial position by outputting a pulse when a collected light intensity reaches a threshold.

[0045] An operating frequency of the filter is higher than 1000 Hz.

[0046] The signal collector is a high-sensitivity photosensitive device, the signal accumulator is
a high- sensitivity converter, the signal collector and the signal accumulator cooperate to
accurately measure a quantity of collected photons, a time interval of pulses output from the
filter is at a picosecond level, and an output binary sequence array represents a number of
photon irradiation in the monitoring area.

[0047] From the technical scheme provided by the embodiments of the present invention, it
can be seen that the embodiments of the present are based on the idea of performing time-
domain encoding and then space-domain encoding to propose that a space-time signal of a
local spatial position is accumulated according to periods of time, a cumulative signal intensity
value of the local spatial position is transformed according to a spatial sparsity, and a pulse
signal corresponding to the local spatial position is output. Thus, a change process of each
local spatial position can be preserved, and a movement process of a high-speed moving
object can be finely reconstructed, which can provide an abundant information source for
subsequent motion analysis and object detection and tracking, while the frame rate is the
upper limit of the change information preserved in the traditional video. The image at any time
can be reconstructed, while the traditional video only retains the image at the frame sampling
time.

[0048] The additional aspects and advantages of the present invention will be partly given in
the following description, which will be obvious from the following description or be understood
through the practice of the present invention.

BRIEF DESCRIPTION OF DRAWINGS

[0049] In order to clearly illustrate technical solutions of embodiments of the present invention,
the drawings used in the description of the embodiments will be briefly described below.
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Obviously, the drawings in the following descriptions are just some embodiments of the present
invention. For those of ordinary skill in the art, other drawings also can be obtained according
to these drawings without any creative work.

FIG. 1 is a processing flowchart illustrating a method for encoding space-time signals
according to a first embodiment of the present invention.

FIG. 2 is a specific implementation diagram illustrating a device for encoding space-time
signals according to a second embodiment of the present invention.

[0050] In the figures, a signal collector 21, a signal accumulator 22 and a filter 23 are shown.

DETAILED DESCRIPTION

[0051] In order to make the purpose, technical means and advantages of the present invention
clear, the present invention will be further described in detail in conjunction with the
accompanying drawings.

[0052] Those skilled in the art may understand that, unless specifically stated, singular forms
"a", "one", "said" and "the" used herein may also include plural forms. It should be further
understood that the word "including” used in the specification of the present invention means
the presence of the feature, integer, step, operation, element and/or component, but it does
not exclude the presence or addition of one or more other features, integers, steps,
operations, elements, components and/or their combination. It should be understood that when
an element is referred to being "connected” or "coupled" to another element, it can be directly
connected or coupled to other elements, or there can be an intermediate component. In
addition, the "connected" or "coupled" used here may include a wireless connection or
coupling. The term "and/or" used here includes any unit and all combinations of one or more
related listed items.

[0053] Those skilled in the art can understand that, unless otherwise defined, all terms
(including technical and scientific terms) used herein have the same meanings as generally
understood by those of ordinary skill in the art to which the present invention belongs. It should
also be understood that, terms such as those defined in universal dictionaries should be
understood as having meanings consistent with those in the context of the prior art, and unless
defined as here, would not be interpreted in an idealized or overly formal sense.

[0054] In order to make embodiments of the present invention easy to be understood, several
specific embodiments as examples will be further explained below with reference to the
accompanying drawings, and the specific embodiments do not constitute a limitation for the
embodiments of the present invention.
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The first embodiment

[0055] In order to fundamentally solve the problem of high efficient encoding of space-time
signals such as in video, the present invention proposes a new scheme from two aspects of
video representation and coding methods. Different from the method of representing a
dynamic image as a sequence of image sequence (the "image” here is also called "frame")
since the appearance of the film and television, the present invention first collects space-time
signal change of each local spatial position constituting a monitoring area (for the image, itis a
pixel change process), and performs time-domain coding according to time order respectively.
For the dynamic image, this time-sequence signal is called a "pixel stream”, which is used to
obtain a pulse sequence of representing a change process of the space-time signal at the local
spatial position; then, a pulse sequence matrix composed of time-sequence signals of each
local spatial position is spatially encoded according to the spatial position relation (Spatial
Sparsity) to obtain a pulse sequence array. It needs to be particularly noted that although
multiple pixel streams are still arranged into an array according to spatial relative position, each
pixel stream does not have equal interval sampling and "frame alignment" as in a traditional
video, but retain change information and time-domain sparsity. The spatial encoding for the
pixel stream array is not a simple image encoding, but an encoding for signal accumulation in
the past period of time within the spatial range. Thus, this method can achieve high-efficiency
spatial information encoding while retaining time-domain process information with high
precision, and subverts the traditional method of space-time signal coding.

[0056] This embodiment provides a process of a method for encoding space-time signals. As
shown in FIG. 1, the method includes the following processing steps:

S110: collecting a light signal in a monitoring area by a signal collector, and calculating a signal
intensity value of the light signal and transmitting the signal intensity value to a signal
accumulator.

[0057] Each signal collector collects a space-time signal from a designated local spatial
position, generates a pulse sequence, and completes time-domain sampling; a plurality of
signal collectors are arranged into an array and cooperate with each other to cover the entire
monitoring area, and complete space-domain sampling of the monitoring area.

[0058] The space-time signal is an optical signal. The signal collector is a photosensitive
device to realize photoelectric conversion, and the intensity of the electrical signal at the output
end is positively correlated to the collected light intensity. Each photosensitive device is
responsible for a small square local area, and all devices are arranged into a neat square
array by ranks. A honeycomb pattern (hexagonal segmentation), triangular segmentation, or
other arrangements may also be used, and in this case, the central locations of the signal
collectors may not be in a straight line. Each signal collector corresponds to a specific local
spatial position, so the signal collector itself identifies the local spatial position of the output
optical signal.
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[0059] Each the signal collector collects the space-time signal of the local spatial position
according to a set collection time interval. The frame rate of the current common cameras is 24
to 120 (frames/second), that is, the time interval is tens of milliseconds. The time interval of the
present invention is obviously shorter, and it can be milliseconds, microseconds, nanoseconds
and even picoseconds as required.

[0060] A signal collector is connected to one or more signal accumulators, and the signal
collector transmits the signal intensity value to the signal accumulators to which it is connected.

[0061] S120: calculating a cumulative signal intensity value of each local space position in a
past period of time by the signal accumulator, and outputting the cumulative signal intensity
value to a filter.

[0062] The signal accumulator accumulates the signal in the past period of time, and its output
is the cumulative signal intensity value.

[0063] A signal collector can output a signal to one or more signal accumulators.
[0064] A signal accumulator is connected to only one filter as an input of the filter.

[0065] A filter can receive inputs from one or more signal accumulators. That is, a fan-out of
the signal accumulator is 1, while a fan-in of the filter can be 1 or greater.

[0066] The simplest case is that the signal collector, the signal accumulator and the filter are in
a one-to-one correspondence: one signal collector acts as and only as an input of one signal
accumulator, and the signal accumulator is then connected to one filter and acts as and only
as an input of the filter. The filter only accepts the input of the signal accumulator and does not
accept inputs of other signal accumulators.

[0067] When a signal collector fans out a plurality of signal accumulators, there are at least
three ways to transmit the signal intensity value: when the signal collector is connected to a
plurality of signal accumulators, the signal collector outputs the same signal intensity value to
all downstream signal accumulators at the same time; or, the signal intensity value is evenly
assigned to all downstream signal accumulators; or, the signal intensity value is assigned to all
downstream signal accumulators according to a certain weight, and the weight is a function of
spatial position distances between the signal accumulators and the signal collector.

[0068] The signal accumulator is a time-limited rolling signal accumulator or a time-unlimited
signal accumulator. The time-limited rolling signal accumulator only accumulates signal within a
specific period of time before the current time, and the earlier signal is automatically cleared;
and the time-unlimited signal accumulator implements accumulation continuously.

[0069] The signal accumulator transfers cumulative signal intensity value to a filter to which it is
connected. The filter takes one or more signal accumulators as inputs and transforms the input
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cumulative signal intensity values according to a specific filter function.

[0070] S130 : transforming the cumulative signal intensity values from the signal accumulator
according to a specific filter function by the filter, so as to obtain transformation coefficients
related to signal distribution within the local spatial position. When a transformation coefficient
exceeds a set threshold, the filter outputs a pulse signal represented by a numerical value
corresponding to the local spatial position. The pulse signal carries pulse intensity, and there is
a corresponding relationship between the pulse intensity and the cumulative signal intensity
value. The filter obtains the local spatial position information of the input signal according to the
connected signal accumulator.

[0071] After the filter outputs the pulse signal, all the signal accumulators of the filter are reset.

[0072] In order to capture spatial sparse mode of any location and any scale as much as
possible, the filter function of the filter is set according to sparsity of a spatial position that the
filter needs to capture, and the sparsity of the spatial position that the filter needs to capture is
determined according to a local spatial scope of a signal collected by the signal collector
associated with the filter. The monitoring area is covered by using multiple filters through a
redundant design, and a sparse mode of each local spatial position in the monitoring area can
be captured by a corresponding filter. A multi-level redundancy design is adopted on space
scale coverage for the multiple filters. The filters of different levels are sensitive to spatial
sparsity of corresponding space scales. An effective capture of any scale sparsity in the
monitoring area is realized by a cooperation of the multi-level filters.

[0073] The simplest case is that a filter only accepts the input from a signal accumulator. A
filter may also receive inputs from a plurality of signal accumulators. Each filter transforms
cumulative signal intensity values corresponding to local spatial position from the respective
signal accumulator according to a specific filter function, and obtains transformation
coefficients corresponding to the local spatial position.

[0074] A simple form of filter is a binary filter, that is, the filter function is a threshold function.
When there is only a signal accumulator as the input of the binary filter, if the cumulative signal
intensity value input by the signal accumulator exceeds a specified threshold, the binary filter
outputs a pulse signal, otherwise no pulse signal is output.

[0075] When there are multiple signal accumulators as inputs of the binary filter, the binary
filter implements a simple accumulation or a weighted accumulation according to certain rules,
and performs a filtering transformation for cumulative signal intensity values input by the
multiple signal accumulators. If the transformation result exceeds a specified threshold, the
binary filter outputs a pulse signal, otherwise no pulse signal is output. In the weighted
accumulation process of the cumulative signal intensity values, the earlier the collection time,
the lower the signal weight.

[0076] The pulses output the binary filter are represented by binary numbers. When the filter
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outputs a pulse, it is represented by 1, otherwise it is represented by 0. At the same time, the
binary filter with a pulse output outputs 1, and the binary filter without pulse output outputs 0.
All these outputs at the same time constitute a binary sparse array according to the filter array.
Binary coefficient arrays at all times are arranged into a binary sparse sequence array
according to a sequence of equal time intervals specified by the clock, as an efficient binary
expression of the space-time signal in the monitoring area.

[0077] The signal collector, the signal accumulator and the filter constitute a "collection-
accumulation-transformation” triplet in a one-to-one form. That is, each signal collector outputs
only one signal accumulator, and each signal accumulator outputs only one filter. The signal
intensity at an output end of the signal accumulator represents an accumulative value of signal
intensity collected by the signal collector over a past period of time. When the intensity exceeds
a specific threshold, the filter outputs a pulse which is represented by a binary 1. In this way,
the dynamic signal of the local spatial position corresponding to the signal collector is
transformed to a binary sequence in which 1 appears intermittently, and a time interval
between two Is in the binary sequence indicates required time for accumulating a later 1 of the
two Is; and a binary sequence, in which all numbers are 1, indicates that the signal at the local
spatial position corresponding to the signal collector is always in a highest intensity state.

[0078] Binary sequences generated by all "collection-accumulation-transformation” triplets are
arranged into a binary sequence array according to the corresponding local spatial positions,
as an efficient binary expression of the space-time signals in the monitoring area.

[0079] The signal collector is a photosensitive device, and all signal collectors are arranged
into a photosensitive array. The signal accumulator is a photoelectric conversion circuit with a
time accumulation function. The filter is a binary pulse filter, and the signal accumulator and
the filter constitute a time-delay binary pulse filter. The device is a new type of camera device,
in which an imaging unit (i.e., a "signal collector-signal accumulator-filter" group as mentioned
above) works independently, and indicates a signal intensity corresponding to a local spatial
position by outputting a pulse (binary 1) when the collected light intensity reaches a threshold.

[0080] The filter function can be more complex, such as a LoG (Laplacian of Gaussian) filter,
which is most sensitive to a speckle type input. The filter function of a filter bank may be a
family of functions that satisfies a certain relationship, and a typical example is a family of
wavelet transform functions.

[0081] When a transformation coefficient corresponding to a certain local spatial position
calculated by the filter exceeds a set threshold, the filter outputs a pulse signal reflecting the
signal intensity of the corresponding local spatial position. The pulse signal can carry pulse
intensity information, and the pulse intensity corresponds to the cumulative signal intensity
value. When a transformation coefficient corresponding to a certain local spatial position does
not exceed a set threshold, the filter does not output the pulse signal, and a low-level signal
may be chose to output.
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[0082] After the filter outputs the pulse signal, all signal accumulators of the filter are reset.

[0083] S140: arranging pulse signals corresponding to the local spatial position into a
sequence in time order to obtain a pulse sequence expressing the local spatial position signal
and a change process thereof, and arranging the pulse sequences of all the local spatial
positions into a pulse sequence array according to the spatial position relation, which is served
as an encoding for dynamic space-time signals of the monitoring area.

[0084] Each filter in the filter array sets its own output pulse signal according to its own
threshold, and outputs between filters may not be synchronized. In this way, an encoding with
the time-domain characteristic for the cumulative signal intensity value corresponding to the
local spatial position is realized.

[0085] In practical applications, the filter can be an analog filter, and its output is a pulse
sequence array.

[0086] In practical applications, the pulse signal output from the filter may only carry one bit of
information, namely 0 (no pulse output) or 1 (with pulse output). A pulse sequence matrix is
degraded to a bit sequence array, which is called a bit stream array.

[0087] In practical applications, an output of the signal accumulator is a value in a certain
range. The filter is a digital filter and outputs a value in a certain range. The value output from
the filter may have only two states: 0 (no output) or 1 (with output).

[0088] The pulse output of the filter is time-domain discretely expressed by using a high
frequency clock, which makes the pulse outputs of the filter occur only at the time of equal
intervals. Transformation coefficients output by all filters at the same time form a sparse array,
and transformation coefficients corresponding to the filters without output at this time are O.
Sparse arrays are arranged into a transformation coefficient array in a sequence of equal time
intervals as an efficient expression of the space-time signals in the monitoring area.

[0089] An operating frequency of the filter is higher than 1000 Hz, that is, a discrete time
interval at which the filter is allowed to output is less than 1 millisecond, and may reach a
microsecond, nanosecond or even picosecond level.

[0090] The signal collector is a high-sensitivity photosensitive device, and the signal
accumulator is a high-sensitivity converter. Cooperating of the signal collector and the signal
accumulator may accurately measure the quantity of collected photons. The time interval of
pulses output from the filter is at a picosecond level, and the output binary sequence array
represents the number of photon irradiation in the monitoring area.

[0091] At any time, a transformation coefficient array in the past period of time is inversely
transformed by an inverse converter group corresponding to the filter, and space-time signals
in the current time are reconstructed.
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[0092] On the basis of a coefficient array arranged at the previous time, the existing
transformation coefficient at the same position is replaced by the transformation coefficient at
the current time, and the spatial signal at the current time is reconstructed. The dynamic
signals are reconstructed by analogy.

[0093] The reconstructed image of time tg is a pixel value of | at position (i, j), which is the

number of 1 occurred in the corresponding binary sequence in the past At, and At may be set
arbitrarily as needed.

[0094] The binary sequence is compactly represented by using fewer bits according to a
statistical correlation before and after the binary sequence, which includes, but is not limited to,
run-length encoding or arithmetic encoding, etc.

[0095] The binary sequence array is recoded according to a statistical correlation between
adjacent and close sequences in space, such as arithmetic encoding, so as to reduce the
number of bits used.

[0096] The binary sequence array is restored according to an inverse process of a compact bit
stream generation process.

[0097] According to the regularity of the above-mentioned transformation coefficient array or
the pulse sequence matrix, prediction coding, run-length coding, entropy coding and other
methods are used for compression to form a more efficient compressed bit stream. An original
coefficient sequence array is obtained by using a corresponding decoding algorithm for the
compressed bit stream.

[0098] By analyzing the time-sequence characteristics of the pulse sequence array, the object
motion information contained in the input signals may be obtained, and the description of the
position and movement process of the object may be obtained. The analysis for the coefficient
sequence array may detect an object and attribute the object included in the space-time
signals.

The second embodiment

[0099] This embodiment provides a device for encoding space-time signals. A specific
implementation structure of the device includes a signal collector 21, a time-domain coding
module and a space-domain coding module.

[0100] The signal collector 21 is used for collecting a space-time signal of each of local spatial
positions in a monitoring area, wherein the local spatial positions constitute the monitoring
area.
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[0101] The time-domain coding module is used to perform time-domain coding on the space-
time signal of the each local spatial position, so as to obtain a pulse sequence representing a
change process of the space-time signal at the each local spatial position.

[0102] The space-domain coding module is used to perform space-domain coding on pulse
sequences of all local spatial positions according to a spatial position relation to obtain a pulse
sequence array.

[0103] In an embodiment of the present invention, as shown in FIG. 2, the time-domain coding
module includes: a signal accumulator 22, a filter 23 and a processing unit.

[0104] The signal accumulator 22 is used to accumulate the space-time signal at the local
spatial position according to the time to obtain a cumulative signal intensity value;

the filter 23 is used to transform the cumulative signal intensity value, and output a pulse signal
when a transformation result exceeds a specific threshold; and

the processing unit is used to arrange the pulse signals corresponding to the local spatial
position into a sequence in time order to obtain a pulse sequence representing a change
process of the space-time signal at the local spatial location.

[0105] In an embodiment of the present invention, the signal collector 21 is specifically used to
collect the space-time signal from a designated local spatial position to complete time-domain
sampling. A plurality of signal collectors 21 are arranged into an array to cooperate with each
other to cover the monitoring area, and complete space-domain sampling of the monitoring
area.

[0106] In an embodiment of the present invention, the space-time signal is an optical signal,
and the signal collector 21 is a photosensitive device.

[0107] An electrical signal intensity, output by the signal collector 21 through photoelectric
conversion, is positively related to the collected light intensity. One signal collector 21 is
connected to one or more signal accumulators 22 transfers the electrical signal intensity to the
connected signal accumulators 22.

[0108] The signal accumulator 22 accumulates a signal in the past period of time, and an
output end of the signal accumulator 22 is the cumulative signal intensity value. A signal
accumulator 22 is connected to a filter 23 and transfers the cumulative signal intensity value to
the connected filter 23.

[0109] The filter 23 takes one or more signal accumulators 22 as input, and transforms the
input cumulative signal intensity values according to a specific filter function. When a
transformation result exceeds a specific threshold, the filter 23 outputs a pulse signal
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corresponding to the local spatial position.

[0110] In an embodiment of the present invention, when the signal collector 21 is connected to
multiple signal accumulators 22, the signal collector 21 outputs a same electrical signal
intensity to all downstream signal accumulators at the same time; or, the electrical signal
intensity is evenly assigned to all downstream signal accumulators; or, the electrical signal
intensity is assigned to all downstream signal accumulators according to a certain weight, and
the weight is a function of spatial position distances between the signal accumulators 22 and
the signal collector 21.

[0111] In an embodiment of the present invention, the signal accumulator 22 is a time-limited
rolling signal accumulator or a time-unlimited signal accumulator. The time-limited rolling signal
accumulator only accumulates signal in a specific period of time before the current time, and
the earlier signal is automatically cleared; and the time-unlimited signal accumulator
implements accumulation continuously.

[0112] In an embodiment of the present invention, the filter function of the filter 23 is set
according to sparsity of a spatial position that the filter 23 needs to capture, and the sparsity of
the spatial position that the filter 23 needs to capture is determined according to a local spatial
scope of a signal collected by the signal collector 21 associated with the filter 23; and/or

the monitoring area is covered by using multiple filters 23 through a redundant design, and a
sparse mode of each local spatial position in the monitoring area can be captured by a
corresponding filter 23; and/or,

a multi-level redundancy design is adopted on space scale coverage for the multiple filters 23,
filters 23 of different levels are sensitive to spatial sparsity of corresponding space scales, and
an effective capture of any scale sparsity in the monitoring area is realized by a cooperation of
the multi-level filters 23; and/or,

the filter 23 transforms the cumulative signal intensity value from the signal accumulator 22
according to a set filter function to obtain transformation coefficients related to signal
distribution within the local spatial position; when a transformation coefficient exceeds a preset
threshold, the filter 23 outputs a pulse signal, the pulse signal carries a pulse intensity, and
there is a corresponding relationship between the pulse intensity and the cumulative signal
intensity value; and/or,

after the filter 23 outputs the pulse signal, all signal accumulators 22 corresponding to the filter
23 are reset.

[0113] In an embodiment of the present invention, the filter 23 is a binary filter, and the filter
function is a threshold function.

[0114] When there is only one signal accumulator 22 as an input of the binary filter, if the
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cumulative signal intensity value input by the signal accumulator 22 exceeds a specified
threshold, the binary filter outputs a pulse signal, otherwise no pulse signal is output.

[0115] When there are a plurality of signal accumulators 22 as inputs of the binary filter, the
binary filter implements a simple accumulation or a weighted accumulation according to certain
rules, and performs a filtering transformation for cumulative signal intensity values input by the
plurality of signal accumulators 22. If the transformation result exceeds a specified threshold,
the binary filter outputs a pulse signal, otherwise no pulse signal is output.

[0116] In an embodiment of the present invention, the device further includes: a transformation
coefficient processing module, which is configured to:

discretely represent pulse outputs of the filter 23 in time domain by a high frequency clock, so
that the pulse outputs of the filter 23 occur only at equal intervals, transformation coefficients
output by all filters 23 at the same time form a sparse array, the transformation coefficients
corresponding to filters 23 without output at this time are 0, and sparse arrays are arranged at
equal time intervals into a transformation coefficient array as an expression for the space-time
signals of the monitoring area.

[0117] In an embodiment of the present invention, the pulse output the binary filter is
represented by a binary number. When the binary filter outputs a pulse, it is represented by 1,
otherwise it is represented by 0; at the same time, the binary filter with a pulse output outputs
1, and the binary filter without output outputs 0.

[0118] The space-domain coding module is further configured to: outputs of all binary filters at
the same time constitute a binary sparse array according to an array of filters 23; binary sparse
arrays at all times are arranged into a binary sparse sequence array according to a sequence
of equal time intervals specified by a clock, which acts as a binary expression of the space-time
signals in the monitoring area.

[0119] In an embodiment of the present invention, the signal collector 21, the signal
accumulator 22 and the filter 23 constitute a "collection-accumulation-transformation” triplet in
a one-to-one form. That is, each signal collector 21 outputs only one signal accumulator 22,
and each signal accumulator 22 outputs only one filter 23. The signal intensity at an output end
of the signal accumulator 22 represents an accumulative value of signal intensity collected by
the signal collector 21 over a past period of time. When the signal intensity exceeds a specific
threshold, the filter 23 outputs a pulse signal.

[0120] In an embodiment of the present invention, the pulse signal is represented by a binary
1. The pulse sequence of the local spatial position corresponding to the signal collector 21 is a
binary sequence in which 1 appears intermittently, and a time interval between two Is in the
sequence indicates required time for accumulating a later 1 of the two Is. A binary sequence, in
which all the numbers are 1, indicates that the signal at the local spatial position corresponding
to the signal collector 21 is always in a highest intensity state.
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[0121] All binary sequences are arranged into a binary sequence array according to the spatial
positions as a binary expression of the space-time signals in the monitoring area.

[0122] In an embodiment of the present invention, the signal collector 21 is a photosensitive
device, and all signal collectors 21 are arranged into a photosensitive array. The signal
accumulator 22 is a photoelectric conversion circuit with a time accumulation function. The filter
23 is a binary pulse filter, and the signal accumulator 22 and the filter 23 constitute a time-
delay binary pulse filter. The device is a new type of camera device, in which an imaging unit
works independently, and outputs a pulse to indicate a signal intensity corresponding to a local
spatial position when the collected light intensity reaches a threshold. An operating frequency
of the filter 23 is higher than 1000 Hz.

[0123] In an embodiment of the present invention, the signal collector 21 is a high-sensitivity
photosensitive device, and the signal accumulator 22 is a high-sensitivity converter. The signal
collector 21 and the signal accumulator 22 cooperate to accurately measure the quantity of
collected photons. The time interval of pulses output from the filter 23 is at a picosecond level,
and the output binary sequence array represents the number of photon irradiation in the
monitoring area.

[0124] The specific process of encoding the space-time signals by the device according to the
embodiments of the present invention is similar to the embodiments of the method described
previously, and will not be described in detail here.

[0125] In summary, the embodiments of the present are based on the idea of performing time-
domain encoding and then space-domain encoding to propose that a space-time signal of a
local spatial position is accumulated according to periods of time, a cumulative signal intensity
value of the local spatial position is transformed according to a spatial sparsity, and a pulse
signal corresponding to the local spatial position is output. Further, a sequence signal of the
local spatial position is obtained, and sequence signals of all local spatial positions are
arranged into a pulse sequence matrix. Thus, a coding method for space-time signals taking
account of temporal information and spatial information simultaneously is provided.

[0126] The beneficial effects of the present invention include at least the following:

1. 1) a change process of each local spatial position can be preserved, and a movement
process of a high-speed moving object can be finely reconstructed, which can provide
an abundant information source for subsequent motion analysis and object detection
and tracking, while the frame rate is the upper limit of the change information preserved
in the traditional video;

2.2) an image at any time can be reconstructed: a static image at a specific time is an
accumulation of the change process over a past period of time, with the present
invention, the image at any time can be reconstructed, while the traditional video only
retains the image at the frame sampling time;

3. 3) a high dynamic image at any time and in any space window can be reconstructed: the
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recording of the traditional video is an accumulation of light changes between two
frames, and the corresponding dynamic range is often limited and fixed; with the present
invention, the light in any period of time and any space window range can be
accumulated, and the obtained dynamic range is determined by the light condition in the
period of time and the space range, which is dynamic, and may be high dynamic;

4.4) it is beneficial for the design of time-domain compression algorithm: inter-frame
prediction in traditional video compression involves complex motion estimation and
motion compensation calculation, while in the present invention, the time-domain
information is directly implied in the original code stream, which does not need to
deliberately design complex algorithms such as the inter-frame prediction and the data
such as the encoding motion vector, moreover, since the code stream of the present
invention is "continuous” in the time domain (the time interval is also particularly small in
the discrete mode, such as milliseconds or even smaller), and the correlation is stronger,
it is easier to design efficient encoding algorithms;

5. 5) it is beneficial for improving the efficiency of the space-domain compression: in the
traditional video, the light changes in a period of time (between two frames) are
"squeezed" forcibly in an image, which improves the complexity of the image, and
improves the difficulty of the space-domain coding (mainly referring to the transform
coding) in the traditional video compression, the cost of the residual expression is much;
in the present invention, the dynamic image is represented by the sequence array, which
may continue to use the transform coding method to compress (corresponding to the
filter function and the family of functions of the filter bank), filters are not "forced" to
perform transform coding synchronously at the same time as traditional methods, but
each filter decides whether to output at any time according to its own input mode, so
signal modes in the space domain may be captured better, and the efficiency of the
space-domain compression is improved.

[0127] Those of ordinary skill in the art can understand that the drawings are just schematic
diagrams of an embodiment, and the modules or processes in the drawings are not
necessarily required to implement the present invention.

[0128] It can be known from description of the above embodiments that, those skilled in the art
may clearly understand that the present invention may be implemented by means of software
in combination with a necessary general hardware platform. Based on such understanding, the
essential part or the part contributing to the prior art of technical solutions of the present
invention may be embodied in the form of a software product. The computer software produce
may be stored in a storage medium such as a ROM/RAM, a magnetic disc, an optical disc,
etc., including several instructions to enable a computer device (which may be a personal
computer, a server, or a network device) to execute the methods described in the
embodiments of the present invention or some parts of the embodiments.

[0129] The embodiments in this specification are described in a progressive manner. The
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identical or similar parts among the embodiments can be referred to each other. Each
embodiment focuses on differences from other embodiments. In particular, for the device or
system embodiments, since they are basically similar to the method embodiments, the
description is relatively simple, and the relevant parts may be obtained with reference to the
description of the corresponding parts of the method embodiments. Device and system
embodiments described above are merely exemplary, in which the units described as separate
parts may or may not be physically separate, and the parts displayed as units may or may not
be physical units, that is, they may be located in one place, or may be distributed to a plurality
of network units. Some or all of the modules may be selected according to actual needs to
achieve the purposes of the solutions of the embodiments. Those of ordinary skill in the art
may understand and implement the present invention without creative efforts.

[0130] The protection scope of the present invention shall be based on the protection scope of
the claims.
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Patentkrav

1. Fremgangsmade til kodning af rum-tid-signaler, omfattende:

indsamling af et rum-tid-signal ved hver enkelt af iokale rumlige positioner | et
overvagningsomrade, hvor de lokale rumilige positioner udger overvagnings-
omradet;

udfarelse af tidsdomasnekodning pé rum-tid-signalet ved hver lokale rumlige
position for at opna en impulssekvens, der repressenterer en aendringsproces
af rum-tid-signalet ved hver lokale rumlige position; og

udferelse af rumdomaenekodning pa impulssekvenser af alle de lokale rumlige
positioner i henhold til en rumlig positionsrelation for at opna en impulsse-
kvensgruppering;

hvor indsamling af et rum-tid-signal ved hver enkelt af lokale rumlige positioner
i et overvagningsomrade omfatter:

at indsamie rum-tid-signalet fra en bestemt lokal rumlig position med hver sig-
nalindsamier (21) for at fuldende tidsdomasnepravetagning; og fuldende rum-
domaenepravetagning af overvagningsomradet med en flerhed af signalind-
samilere (21), der anordner sig i en gruppering og samvirker med hinanden for
at daekke overvagningsomradet;

hvor udfprelse af tidsdomesnekodning pa rum-tid-signalet ved hver lokale rum-
lige position for at opna en impulssekvens, der reprassenterer en sendrings-
proces af rum-tid-signalet ved hver lokale rumlige position omfatter:

at akkumulere rum-tid-signalet ved hver iokale rumlige position | henhold tit tid
for at opna en kumulativ signalintensitetsveerdi;

at udfare filtreringstransformation for den kumulative signalintensitetsvesrdi for
at opna et transformationsresuliat, og outputte et impulssignal, nar fransfor-
mationsresuliatet overstiger en specifik teerskel; og

at anordne impulssignaler svarende til hver lokale rumlige position | en se-
kvens i henhold til tid, for séledes at opné impulssekvensen, der repraasenterer
endringsprocessen af rum-tid-signalet ved hver lokale rumlige position;

hvor rumdomesnekodningen omfatter at anordne impulssekvenserne af alle de
lokale rumiige positioner | impulssekvensgrupperingen i henhold til den rumlige
positionsrelation;

hvor rum-tid-signalet er et optisk signal, og hver af signalindsamieme (21) er
en fotofglsom indretning.
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2. Fremgangsmaden til kodning af rum-tid-signaler ifalge krav 1, hvor akkumu-
tering af rum-tid-signalet ved hver iokale rumlige position 1 henhold il tiden ti
at opna en kumulativ signalintensitetsveerdi omfatter:

en elekirisk signalintensitet outputist af en signalindsamier (21) igennem en
fotoelekirisk konvertering, som er positivt korreleret til en indsamiet lysintensi-
tet; hvor signalindsamleran (21) er forbundet til en eller flere signalakkumula-
torer (22), og signalindsamleren (21) transmitterer den elekiriske signalinten-
sitet til de forbundne signalakkumulatorer (22);

akkumulering af et signal i et forgangent tidsrum med signalakkumulatoreme
(22}, og hvor outputender af signalakkumulatorerne (22) er den kumulative
signalintensitetsvasrdi; hvor en signalakkumulator (22) er forbundet til et filter
(23}, og signalakkumulatoren {22} transmitierer den kumulative signalintensi-
tetsvaardi til det forbundne filter (23); og

filteret (23) tager en sller flere signalakkumulatorer (22) som input, transforme-
rer inputkumulative signalintensitetsvaerdier | henhold til en specifik filterfunk-
tion, og outputter et impulssignal svarende til en lokal rumlig position, nar st
transformationsresuliat overstiger den specifikke tearskel.

3. Fremgangsmaden til kodning af rum-tid-signaler ifeige krav 2, hvor, nar sig-
nalindsamieren (21) er forbundet til multiple signalakkumulatorer (22), signal-
indsamiaren (21) outputier den elekiriske signalintensitet til alle nedstrams sig-
nalakkumulatorer pa samme tid; eller den elekiriske signalintensitet ligeligt for-
deles il alle nedsirems signalakkumulatorer, elier den elektriske signalintensi-
tet tildeles til alle nedstrams signalaklkumulatorer i henhold til en bestemt veegt,
og vesgten ar en funktion af en rumiig positionsafstand mellem de multiple sig-
natakkumulatorer (22) og signalindsamleren (21).

4. Fremgangsmaden til kodning af rum-tid-signaler ifeige krav 2 eller 3, hvor
de multiple signalakkumulatorer (22} er tidsbegraensede rullende signalakku-
mulatorer eller tidsubegresnsede signalakkumulatorer, hvor de tidsbegraen-
sede rullende signalakkumulatorer kun akkumulerer et signal i et specifikt fids-
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rum far en akiuel tid, og et tidligere signal automatisk ryddes; og de tidsube-
greensede signalakkumulatorer implementerer akkumuiering kontinuerligt.

5. Fremgangsmaden til kodning af rum-tid-signaler ifglge et hvilket som healst
af kravene 2-4, hvor filterfunktionen af filteret (23) indstilles | henhold til en
sparsomhed af en rumlig position, som filteret (23) er nedt til at fange, og spar-
somheden af den rumlige position, som filteret (23) er nadt til at fange, be-
stemmes | henhold til et lokalt rumligt omfang af et signal indsamlet af en sig-
nalindsamier (21) associerst med filteret (23); og/elier

overvagningsomradet daeskkes ved anvendelse af multiple filtre (23) igennem
et redundant design, og en sparsom tilstand af hver lokale rumlige position |
overvagningsomradet kan fanges af et tilsvarende filter (23); og/eller

et flerniveau redundansdesign adopteres pa rumskaladeskning for de multiple
filire (23), hvor filtrene (23) af forskellige niveauer er fplsomme over for rumlig
sparsomhed af tilsvarende rumskalaer, og en effektiv indfangning af enhver
skalasparsomhed | overvagningsomradet realiseres ved en samvirkning af
flerniveaufiltrens (23); ogleller

filteret (23) transformerer de kumulative signalintensiteisvaardier fra den ene
eller flere signalakkumulatorer (22} 1 henhold til en indstillet filterfunktion, for
séledes at opné transformationskoefficierter relaterede til signaifordeling i en
lokal rumlig position, nar en transformationskoefficient overstiger en forudind-
stillet {eerskel, filteret (23) outputter et impulssignal, som beerer en impulsin-
tensitet, og der er et tilsvarende forhold mellem impulsintensiteten og den ku-
mulative signalintensitetsvesrdi; og/eller

efter filteret (23} outputter impuissignaier, alle signalakkumulatorer (22) sva-
rende til filteret (23} nuistilles.

8. Fremgangsmaden til kodning af rum-tid-signaler ifaige krav 5, yderligere
omfaitende:

udfereise af diskret tidsdomeaenerepraasentation for impulsoutputs af filteret
(23) ved anvendeise af et hajfrekvensur, saledes at impulsoutputtens af filteret
(23) sker kun pa tidspunkter af lige store intervaller, transformationskoefficien-
ter outpuitet af alle filtre (23) pa samme tid danner en sparsom gruppering, en
transformationskoefficient svarende til filtre (23) uden cutput pa tidspunktet er
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0, og sparsomme grupperinger er anbragt i en transformationskoefficients-
gruppering | en sekvens af lige store tidsintervailer.

7. Fremgangsmaden til kodning af rum-tid-signaler ifglge krav 5 eller 8, hvor
filteret (23) er et binaert filter, og filterfunktionen er en teerskelfunktion;

nar der er kun en signalakkumulator (22) som et input af det binaere filter, hvis
den kumulative signalintensitetsveerdi inputtet af signalakkumulatoren (22)
overstiger en specificeret {eerskel, outputter det bingere filter et impulssignal,
ellers outputtes intet impulssignal; eller,

nar der er muitiple signalakkumulatorer (22) som inputs af det binaere filter,
impiementerer det binsere filter en simpel akkumulering eller en veagtet akku-
mulering i henhold til bestemnte regler, og udfarer en filireringstransformation
for kumulative signalintensitetsvaerdier inputtet af de multiple signalakkumula-
torer (22), hvis et transformationsresuliat overstiger en specificeret teerskel,
outputter det binsere filter ef impulssignal, ellers outputtes intet impuissignal.

8. Fremgangsmaden til kodning af rum-tid-signaler ifeige krav 7, hvor impulser
outputtet af bineert filter repraesenteres af binasere tal, nar det binsere filter out-
putter en impuls, repreesenteres det af 1, ellers reprassenteres det af 0; pa
samme tid ocutputter et bineert filter med et mpuisoutput 1, og et binsert filter
uden impulsoutput outputter 0, og alle outputs pa samme tid udger en binaer
sparsom gruppering i henhold til en filtergruppering, og binsert sparsomme
grupperinger pa alle tidspunkier anbringes i en binger sparsom sekvensgrup-
pering | henhold til en sekvens af lige store tidsintervaller specificerede af at
ur.

9. Fremgangsmaden til kodning af rum-tid-signaler ifelge et hvilket som helst
af kravene 2-8, hvor en signalindsamiler (21), et signalakkumulator (22) og et
filter (23) udgar en "indsamling-akkumulering-transformation”-triplet i en en-til-
en-form, dvs. hver signalindsamier (21) cutputter kun en signalakkumulator
(22), og hver signalakkumulator (22) outputter kun et filter (23); en signalinten-
sitet af en outputende af signalakkumulatoren (22) reprassenterer en akkumu-
tativ vaerdi af en signalintensitet indsamilet af signalindsamleren (21) over et
forgangent tidsrum, og nar signalintensiteten overstiger en specifik tasrskel,
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outputter filteret (23) et impulssignal.

10. Fremgangsmaden til kodning af rum-tid-signaler ifalge et hvilket som helst
af kravene 2-8, hvor impulssignalet repraesenteres af et binaert 1, en impuls-
sekvens af en lokal rumiig position svarende il en signalindsamler (21) er en
binzgr sekvens i hvilken 1 dukker op intermitterende, og et tidsinterval meliem
to Tere i sekvensen indikerer ngdvendig tid il at akkumulere et senere 1 af de
to 1'ere ; og en binger sekvens, { hvilken alle tal er 1, indikerer at et signal ved
den ickale rumlige position svarende il signalindsamleren (21) altid er 1 en
hajeste intensitetstilstand; og

alle binssre sekvenser er indrettet | en binser sekvensgruppering | henhold il
rumlige positioner.

11. Indretning til kodning af rum-tid-signaler, omfaitende: multiple signalind-
samlere (21), et lidsdomaenekodningsmodul og et rumdomeasnekodningsmo-
dut;
hvor hver af signalindsamlerne (21) anvendes til at indsamie et rum-tid-signal
ved en af lokale rumlige positioner i et overvagningsomrade, og de lokale rum-
lige positioner udger overvagningsomradet;

tidsdomesnekodningsmodulet anvendes il at udfere tidsdomesnekodning pa
rum-tid-signalet af hver lokale rumlige position, for séledes at opna en impuls-
sekvens, der repreesenterer en sendringsproces af rum-tid-signalet ved hver
lokale rumlige position; og

rumdomaenekodningsmodulet anvendes til at udfere rumdomesnekodning pé
impulssekvenser af alle af de lokale rumlige positioner | henhold til en rumlig
positionsrelation for at opna en impulssekvensgruppering;

hvor signalindsamleren (21) specifikt anvendes til at indsamle rum-tid-signalet
fra en bestemt lokal rumliig position for at fuldende tidsdomaenepravetagning;
og multiple signalindsamlere (21) er indreftet | en gruppering og samvirker med
hinanden for at deekke overvagningsomradet og feerdiggere rumdomaenepra-
vetagning af overvagningsomradet;

hvor tidsdomesnekodningen omfatter:

en signalakkumulator (22) anvendt til at akkumulere rum-tid-signalet ved hver
iokale rumlige position i henhold til tid for at opna en kumulativ signalintensi-
tetsveaerdi:
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et filler (23) anvendt til at udfare filtreringstransformation for den kumulative
signalintensitetsvesrdi for at opna et transformationsresultat, og outputte et im-
pulssignal nar et transformationsresultat overstiger en specifik taerskel; og

en behandiingsenhed anvendt til at indrette impulssignaler svarende til hver
lokale rumlige position i en sekvens i henhold til tid, for séledes at opna im-
puissekvensean, der reprassentarer sendringsprocessen af rum-tid-signalet ved
hver lokale rumlige position;

hvor rumdomaenekodningen omfatter at anordne impulssekvenserne af alle de
lokale rumiige positioner 1 impulssekvensgrupperingen i henhold til den rumlige
positionsrelation,

hvor rum-tid-signalet er et optisk signal, og hver af signalindsamierne (21) er
en fotofalsom indretning.
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