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Application of Multiple Coded
Frame Temporal Processing to
Enhance Digital Image Transfer
for High-Definition
Communications Systems
In this work, a multiple coded frame temporal processing is proposed as a protocol to
enhance the digital image processing in digital communications systems. This protocol is
based on the dissembling of visual data packages into multiple coded frames and
transmitting them over secured temporal route. Data transfer involves the reliable
delivery of transparent data between the users. All data are delivered in sequence with no
duplication or missing parts Three main parameters were controlled in order to examine
the proposed protocol and its applicability to enhance the quality of digital image at the
reception stage.
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1. Introduction
Recently, digital communications have become
one of the most fundamental requirements in all
human being societies. Intensive efforts have been
performed to link people over world at once.
However, many technical and security difficulties
still prevent the perfect linkage to be real.
During the last two decades, digital processing
systems have exhibited high efficiencies in
transferring visual data, such images and videos [1].
Meanwhile, converting to the high-definition
configurations has imposed new understanding of
visual data transfer that requires ultra-high efficient
processing stages [2-4]. Such requirement makes
processing systems in reasonable need to develop
their designs, configurations, protocols and
components [5]. Digital image processing may
represent an application that add further requirement
to the development process mentioned above.
Data transfer involves the reliable delivery of
transparent data between the users. All data are
delivered in sequence with no duplication or missing
parts [6]. With normal response mode (NRM), a
primary station initiates data transfer to a secondary
station. A secondary station transmits data only in
response to a poll from the primary station. This
mode of operation applies to an unbalanced
configuration [7]. With asynchronous response
mode (ARM) a secondary station may initiate
transmission without receiving a poll from a primary
station. It is useful on a circuit where there is only
one active secondary station [6]. The overhead of
continuous polling is thus eliminated. Asynchronous
balanced mode (ABM) is a balanced mode that
provides symmetric data transfer capability between
combined stations [8]. Each station operates as if it

All Rights Reserved

were a primary station, can initiate data transfer, and
is responsible for error recovery. One application of
this mode is hub polling, where a secondary station
needs to initiate transmission [6].
Unacknowledged operation is applicable for
point-to-point and broadcast information transfer.
However, acknowledged operation is applicable
only for point-to-point information transfer [9].
There are two forms of acknowledged information
that are defined: Single-frame operation (SFO); and
Multiframe operation (MFO) [6].
In order to perform efficient transfer of visual
data over long distances and different environments
at the minimum losses and imperfections those may
be imposed on the transferred data, it was proposed
to convert the main frame of the configuration over
which the data are distributed into many smaller
frames each contains some of the original data with
the same modulation and restoration characteristics
[10-13]. This could be performed by multi-stage
processing protocols that impose much more costs
and explicit complications on the communications
systems [14]. Alternatively, a single-stage
processing can be performed at lower costs as well
as fewer transfer stages with some modifications on
the original data those could be recognized and
reversed at the reception terminals with sufficiently
high efficiency [15].
In this work, a multiple coded frame temporal
processing is proposed as a protocol to enhance the
digital image processing in digital communications
systems. This protocol is based on the dissembling
of visual data packages into multiple coded frames
and transmitting them over secured temporal route.
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2. Modelling Equations
It is well-known that the resolution of a digital
image is determined by its pixel counts, horizontal
and vertical [6]. Digital images are usually treated as
matrices over which the data are distributed.
Therefore, coding process can be relatively easy at
the stage of design and configuration of the digital
communications system [16]. However, several
difficulties such as attenuation and phase distortion,
deformation, counterfeiting and spoofing are highly
possible at one or more stages of transfer stages
[17,18].
Attenuation distortion can be avoided if all
frequencies within the passband are subjected to the
same loss (or gain). Whatever the transmission
medium, however, some frequencies are attenuated
more than others. Filters are employed in most
active circuits (and in some passive circuits) and are
major causes of attenuation distortion [6,11]. When
filters or filter-like devices are placed in tandem,
attenuation distortion tends to sum. Two identical
filters degrade attenuation distortion twice as much
as just one filter [6].
Phase distortion has little effect on speech
communications over the telecommunications
network [19]. However, regarding data transmission,
phase distortion is the greatest bottleneck for data
rate (i.e., the number of bits per second that a
channel can support). It has probably more effect on
limiting data rate that any other parameter [6].
Older pulse code modulation (PCM) systems
used a 7-bit code, and modern systems use higher-bit
code with its improved quantizing distortion
performance [20]. The companding and coding are
carried out together, simultaneously. The
compression and later expansion functions are
logarithmic [12]. A pseudologarithmic curve made
up of linear segments imparts finer granularity to
low-level signals and fewer granularities to the
higher-level signals [6].
An integral equation is proposed to convert such
matrices into multiple frames with the same content
but different distribution of data over the total frame
of the matrix as
𝐷=

𝑛 𝑚 𝐾(1−𝛿 2 )
𝜕𝑚𝜕𝑛
∫ ∫
𝛿 0 0
4𝜋𝜌
1

(1)

where D is the transfer rate, δ is a conversion
parameter of the total frame into multiple smaller
frames, K is a restoration constant, which depends
on the size and dimensions of visual data to be
transferred and the type of modulation performed on
these data before transmission, ρ is the dissembling
parameter, and finally, m and n are the dimensions
of the matrix over which the visual data are
distributed
This formula is sufficiently applicable in 720dpi
visual coding and communications systems.
However, it may need for some corrections to satisfy
the requirements of high-definition networks [4].
Therefore, the previous equation was corrected as
follows
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𝐷=

𝑚 𝐾(1−𝛿 2 )

𝑛

2

∫ ∫
3𝛿 0 0

4𝜋𝜌

𝑒 −𝑖(1−𝛿

2 )𝜏

𝜕𝑚𝜕𝑛

(2)

The exponential term can be trigonometrically or
numerically expanded to show more choices in
practical environments. Therefore, the equation (2)
can be written as
2
𝑒 −𝑖(1−𝛿 )𝜏 = 𝑐𝑜𝑠[(1 − 𝛿 2 )𝜏] − 𝑖𝑠𝑖𝑛[(1 − 𝛿 2 )𝜏] (3a)
or
𝑒 −𝑖(1−𝛿

2 )𝜏

= 1 − 𝑖(1 − 𝛿 2 )𝜏 +

(−𝑖(1−𝛿 2 )𝜏)
2!

3
(−𝑖(1−𝛿 2 )𝜏)

2

+

+⋯
(3b)
From both formulae, only the real parts – those
should be equal – can be considered as
3!

𝑐𝑜𝑠[(1 − 𝛿 2 )𝜏] = 1 −
((1−𝛿 2 )𝜏)
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2
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6!
Recalling that the Fourier transformation of the
cosine function is given by:
1

𝜋

𝜋

𝑐𝑜𝑠[(1 − 𝛿 2 )𝜏] = √ 𝑠𝑖𝑛 (𝜏 + +
2 𝜏
4

𝜔2
4𝜏

)

(3d)

and approximating the left side to the first two
terms, as the higher-order terms are vanishing, we
obtain
1

𝜋

𝜋

√ 𝑠𝑖𝑛 (𝜏 + 4 +
2 𝜏

𝜔2
4𝜏

)=1−

((1−𝛿 2 )𝜏)
2!

2

(3e)

This equation will be examined as an alternative to
Eq. (1) for practical purposes.
3. Result and Discussion
In order to examine the validity and applicability
of Eq. (3e), we have chosen a high-definition digital
image, as shown in Fig. (1), and applied the
condition given by Eq. (3e) at different values of τ, δ
and ω as shown in table (1). Results are shown in
figures (1b-j) in accordance to the fundamental
formula (Eq. 1).
Table (1) Values of parameters in Eq. (3e) in accordance to
the fundamental formula (Eq. 1) for the processed example
image

No.

τ (ms)

δ (s-1)

ω (rad-1)

1a
1b
1c
1d
1e
1f
1g
1h
1i
1j

0.01
0.05
0.1
0.01
0.05
0.1
0.01
0.05
0.1
0.1

1
10
100
10
100
1
100
1
10
100

1000
10000
100000
10000
100000
1000
100000
1000
10000
10000
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(a)

(f)

(b)

(g)

(c)

(h)

(d)

(i)

(e)

(j)
Fig (1) Application of Eq. (3e) conditions on a digital image in
accordance to the fundamental formula (Eq. 1) as (a) is the
original image
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It is clear from Fig. (1) that there are some
conditions to reconfigure the received image – as
visual data – with high coincidence to the original
(transmitted) one. For example, for values of τ=0.1
ms, δ=100 s-1 and ω=105 rad-1, the received image
(1c) has high quality with relatively low distortion
over the total area of distributed data. This distortion
was decreased for the image (1j) with values of
τ=0.1 ms, δ=100 s-1 and ω=104 rad-1, which may be
attributed to the lower rate of transferring these data,
which in turn enhances the reconfiguration of the
received data as longer time is available for each
element to transfer and find its identical position on
the matrix of the data distribution on reception
terminal.
4. Conclusion
A multiple coded frame temporal processing is
proposed as a protocol to enhance the digital image
processing in digital communications systems. This
protocol is based on the dissembling of visual data
packages into multiple coded frames and
transmitting them over secured temporal route. Data
transfer involves the reliable delivery of transparent
data between the users. All data are delivered in
sequence with no duplication or missing parts Three
main parameters were controlled in order to examine
the proposed protocol and its applicability to
enhance the quality of digital image at the reception
stage.
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