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Image processing has widespread uses practically in every branch of science
and arts. Processing images is more difficult than processing sound or data as
there are more bits in the high pixel quality image. It requires more space to
store the image, more bandwidth to transmit it, and more time and resources to
process. An image's complexity may decrease if its bit size is decreased.
Sigma-delta modulation, or SDM for short, is an alternative method of
minimizing data-word length to compression. Digital signal processing (DSP)
systems can be made simpler by using the SDM approach, which was first
created for analog to digital conversion (ADC). This paper suggests a novel
way to use SDM in MATLAB for improved image processing. Consequently,
the suggested single-bit SDM-based image arithmetic architecture is tested
and compared with the traditional image arithmetic techniques. Additionally,
to see the noisy channel influence on the traditional and proposed systems,
some statistical metrics are also studied at different noise variance values, such
as signal to noise ratio (SNR), mean square error (MSE), and Peak SNR value.
The suggested architecture for the SDM-based image arithmetic precisely
matches the addition and subtraction results of the conventional design, even
yielding a higher SNR and the same Peak SNR as the traditional methods. In
contrast, the outcomes of division and multiplication fall within an acceptable
range. For better results the over-sampling ratio (OSR), an inherent
characteristic of SDM must be increased at the cost of more processing cycles.
Therefore, the trade-off between fewer resources, limited transmission
bandwidth, and comparatively more cycles is provided by the SDM-based
technique.

1. Introduction

resolution images takes more bandwidth. When

Image processing has become very common today
[1-3]. We use mobile phones to capture, process,
store, and transmit images. It is noticed that the
higher the resolution of an image is, the more space
would it requires [4]. Also, the transmission of high-
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image processing algorithm is implemented on any
hardware, like ASIC (Application Specific
Integrated Circuits) or FPGA (Field Programmable
Gate Array), the hardware gets saturated [5, 6]. One
solution to this is image compression, which, again,
is another DSP application. Instead, if the data word
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length is reduced to single bit, the processing will
become easy and fewer resources will be required.

A few decades back, a technique for analogue to
digital conversion was introduced, known as sigma-
delta modulation [7]. SDM is based on the over
sampling by a numeric value in which instead of
sending the whole data, the difference between
sample values is encoded and transmitted, that
hardly takes a single or two bits. With this the noise
energy gets distributed over a broader range of
higher frequencies [8].

Various SDM-based DSP applications for word
length reduction and hence reducing the overall
system complexity are reflected in the literature that
includes but is not limited to simple arithmetic units
[9-11], FIR filters (fully or partially transformed to
single-bit) [12-19], IIR filters [20-22], and some
complex adaptive filter structures [23-26]. Other
recent examples of SDM-based short word length
systems include adaptive channel equalizers using a
u-less approach [27], Weiner filters [28], Matched
filters [29], digital arithmetic units [30], smart sensor
communications [31], correlation-less filters [32, 33]
and latest SDM-Based Image Processing [34].

This work is continuation of [34] where the
conventional methods of image arithmetic are
compared with proposed single-bit SDM-based
image arithmetic architectures. Besides, some
statistical parameters, including SNR, MSE, and
Peak SNR value, at various noise variance values,
are also analysed to see the noisy channel effect on
the conventional and proposed systems. The results
of the proposed architecture of SDM-based image
arithmetic track perfectly the results of traditional
design in addition and subtraction, even producing
better SNR and the same Peak SNR as that of
conventional approaches. While for multiplication
and division, the results are in an acceptable range.
For better results the over-sampling ratio (OSR), an
inherent characteristic of SDM must be increased at
the cost of more processing cycles. Therefore, the
trade-off  between fewer resources, limited
transmission bandwidth, and comparatively more
cycles is provided by the SDM-based technique.

The further distribution of the paper is given as
under: In section two, the proposed architecture of
SDM-Based Image Arithmetic is given and
discussed. Section 3 shows the MATLAB-based
simulations of the conventional and proposed
architectures; in the last section, the conclusion of
the proposed work is presented.
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2. Proposed Architecture of SDM-Based RGB
Image Arithmetic

RGB image is used as input in general and the
processing is done on individual channel (Fig.1) or
on whole image (Fig.2)
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Fig. 1. Traditional Separated Channel Image Processing
Architecture [34]
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Fig. 2. Traditional Image Processing Architecture [34]

Multi-bit image processing requires more
processing time and resources because of the large
size of the image. Once the image is converted to a
single-bit format using SDM, it will have a
significant impact on the resources consumed. Fig.3
illustrates the architecture of single-bit SDM-based
image processing and demonstrates how SDM can
be used with RGB images. It can be used on
practically any kind of image, including binary,
colorful, and grayscale ones.
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Fig. 3. Proposed SDM -Based Single-Bit Image
Processing Architecture

In the proposed design, each color (channel) is
separated using the separator block and is passed
through SDM. The SDM contains the OSR block.
The OSR increases the total sample count according
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to the principle of Eg. (1). For every image
processing step, every sample is transferred to a
single bit processing block.

No: of Samples = Origional Samples X OSR (1)

Since the OSR increases the sampling rate, the
decimation filter is applied at the output to return the
sampling rate to its previous level. The processed
channels are then combined to form the RGB image.

The transmission of huge images over
communication lines is one of the problems. If the
image is not compressed before being delivered, a
lot of bandwidth will be needed, and occasionally
compression causes the quality of the image to
deteriorate.

The idea of single-bit image transmission may
also be used in this situation. The architecture for
transmitting single-bit images across the data
transmission channel is depicted in Fig. 4. The
image is transformed to three channels, as before
(Fig.1), before it enters the SDM block.
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RGB image Transmission | | Decimation
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RGB image
—
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Fig. 4. Proposed SDM-Based Single-Bit Image
Transmission Architecture

The SDM block converts the multi-bit image data
into single bit, and the OSR increases the data rate
by a certain factor. This single-bit data may be sent
over any communication channel with reduced
bandwidth requirements by a factor of:

1
Origional Sampling Rate

(2)

Thus one-bit images transmission not only decreases
the amount of bandwidth but also avoid other image-
related processing steps such as encoding and
encryption. Since OSR flattens and reduces the noise
floor, its effect is observed in increased SNR of
SDM-based images.

Image arithmetic has a main role in image

processing. The four main image arithmetic
operations include addition, subtraction,
multiplication, and division. A general block

diagram of image arithmetic is shown in Fig. 5.
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Fig. 5. General Block Diagram of Image Arithmetic

Any of the operations may be performed on an
image as whole or on each channel individually.
Multi-bit image arithmetic consumes more resources
than conventional, but if converted to single bit, the
benefits of SDM may become inherent. The
architecture of single-bit image arithmetic is
proposed in Fig. 6.
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Fig. 6. Proposed Architecture of Single-Bit Image Arithmetic
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In the proposed architecture of image arithmetic,
two 8-bit images of equal dimensions of 720x720 are
given as input. Further, each image is passed through
the channel separator block. The channel separator
produces six channels, with total bits in individual
channels being 720x720x8=4147200. Each channel
is passed through an SDM block that contains OSR.
After passing through the OSR block with OSR 32,
the total number of single bits in each channel would
be 132710400. These single bits are then added,
subtracted, multiplied, and divided bit by bit,
reducing the need for complex multi-bit processing.
The results obtained after image arithmetic are
produced in the proceeding section, along with an
investigation of some characteristic parameters
needed to justify using SDM in image arithmetic.

3. MATLAB Based Simulation and Results

An input RGB image of Innaya and a background
image (Fig.8-9) of dimensions 720x720 are given to
the proposed architecture of image arithmetic (Fig.5-
6). Two images are added, subtracted, multiplied, and
divided. The results are shown in the preceding
section. To check the effect of channel, the salt and
paper noise (with different variances) is added to the
images and its impact on both approaches is
analyzed.

Salt Paper
Noise
RGB Images o imati RGB Images
Transmission L som = Decimation g
Channel Filter

Fig. 7. Salt and Paper Noise Added in Image

Fig. 8. Input Image of Innaya

Fig. 9. Background Image
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As mentioned above, two images of the same
dimensions are given to multi-bit and single-bit
arithmetic units (Fig 5-6). The conventional addition
of two images produces the result depicted in Fig. 10.
Whereas the SDM-based image addition is delivered
in Fig. 11. The difference between the two results is
shown in Fig. 12. Both the conventional and SDM-
based image addition works similarly without much
difference.

Images Added Conventionally

A\

Fig. 10. Two Images Added with Conventional Arithmetic
Addition

SDM Based Images Addition

A\

Fig. 11. SDM-Based Addition of Images

Difference Between Origionaly Added & SDM Based Added Images

Fig. 12. Difference Between Conventionally and SDM-
Based Added Images

As the salt and paper noise is added to image
(Innaya) with different variance values (the noise
variance is adjusted over the range 0 to 1, that very
approximately £+1 SD from the sample mean), their
effect on the image is calculated in terms of SNR,
Peak SNR, and MSE. Fig.14 shows that as the noise
variance increases, the SNR decreases as it should,
but it is worth noting that the SDM-based image
addition (shown with blue color) produces better
SNR than the original addition of two images (red
color).
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Fig. 13. Noise Variance VS SNR Relation in Addition

Likewise, the Noise variance versus Mean square
error is produced in Fig.14. The results show that the
change in noise variance does not affect the multi-bit
image addition, delivering a constant MSE value,
whereas its impact is prominent in single-bit image
addition.
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Fig. 14. Noise Variance VS MSE Relation in Addition

A third parameter compared is the Peak signal-to-
noise ratio. It may be observed from Fig.15 that the
Peak SNR value is the same in both cases (single-bit
and multi-bit), hence making the proposed design
more acceptable.
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Fig. 15. Noise Variance VS Peak SNR Relation in
Addition

The results clearly indicate that SDM based
technique works the same as the conventional
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method and produces a good SNR value because of
the over sampling ratio that flattens the noise floor
and reduces its impact.

The image subtraction with the conventional

method is shown in Fig.16, and the SDM-based result
is given in Fig.17.

Images Subtracted Conventionally

Fig. 16. Two Images Subtracted with Conventional
Arithmetic Subtraction

SDM Based Images Subtraction

Fig. 17. SDM-Based Subtraction of Two Images

The difference between multi-bit and single-bit

image subtraction is given in Fig. 18. Like image
addition, single-bit image subtraction produces
acceptable results, making it a suitable choice when
the resources are of significant concern.

Difference Between Origionaly Subtracted & SDM Based Subtracted Images

Fig. 18. Difference Between Conventionally and SDM-

Based Subtracted Image

The statistical parameters, including SNR, MSE,

and Peak SNR, are also compared for both multi-bit
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and single-bit image subtraction, and the results are
given in Fig.19 and Fig.21.

Input Noise variance to SNR Relation

T T T
—Vatiance, snr
o

—variance, snr
s

o8

0.6f

o.4f

Input Noise Variance,"dB"

e8]

8 g 10 1 12
Signal to Noise Ratio of Tmage,"dB"

Fig. 19. Noise Variance VS SNR Relation in Subtraction

It may be observed that, similar to addition, the
SNR of the proposed design is higher than the
conventional design, and as for noise variance, the
value increases in the single-bit case and remains
constant in multi-bit. But the range in the SDM-based
approach is still acceptable.
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Fig. 20. Noise Variance VS MSE Relation in Subtraction

The noise variance versus Peak SNR for multi-bit
and single-bit approaches is shown in Fig.21. As both
methods produce the same values, SDM is acceptable
as the replacement for the multi-bit process.
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Fig. 21. Noise Variance VS Peak SNR Relation in
Subtraction
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A third arithmetic operation compared is
multiplication. The output of image multiplication
with a multi-bit approach is given in Fig. 22 and with
SDM based system in Fig. 23, and the difference
between multi-bit and single-bit image multiplication
is shown in Fig. 24.

Images Multiplied Conventionally

Fig. 22. Two Images Multiplied with Conventional
Arithmetic

SDM Based Images Multiplication

Fig. 23. SDM-Based Multiplication of Two Images

The results of a single-bit multiplier could be
better, but still, it may be accepted in various
applications immune to errors. The results may get
better if the OSR value is increased further. But it is
also noticed that increased OSR will increase the
time taken to process the data, as the overall data rate
may also be increased.

Difference Between Origionaly Multiplier & SDM Based Multiplied Images

Fig. 24. Difference Between Conventionally and SDM-
Based Multiplied Images
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The comparison of statistical parameters is shown
below. Like in other cases, the SNR value of the
SDM-based technique is higher than the conventional
multi-bit approach, whereas the MSE of the SDM-
based approach is more than the traditional, and the
Peak SNR value is the same in both.
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Fig.25. Noise Variance VS SNR Relation in Multiplication
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Fig. 27. Noise Variance VS Peak SNR Relation

The last arithmetic operation performed is the
division. The results obtained are produced in Fig.
28-30. The multi-bit image division has better results
than the single-bit image division. The difference
between the two images is also reflected in Fig.30.
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Likewise, the statistical parameters are also
compared and produced in Fig. 31-33.

Images Divided Conventionally

Fig.28. Two Images Divided with Conventional
Arithmetic

SDM Based Images Division

Fig. 29. Two Images Divided with SDM-Based Approach

Difference Between Origionaly Divided & SDM Based Divided Images

Fig. 30. Difference Between Conventionally and SDM-
Based Divided Images

As the results of the SDM-based division are less
good than the other three operations, the obtained
SNR in the single-bit operation is one dB less than
the multi-bit operation that was reversed in the other
three operations.
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Fig. 31. Noise Variance VS SNR Relation in Division
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Fig.32 shows the variance versus MSE graph of
both approaches. Like in the other three operations,
the conventional process produces the constant MSE
value, and in the single-bit method, MSE increases
with increased variance. The Peak SNR value in
subtraction (Fig.33) also has the same results in both
the multi-bit and single-bit approaches.
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Fig. 32. Noise Variance VS MSE Relation in Division
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Fig.33. Noise Variance VS Peak SNR Relation in Division
4. Conclusion

A remarkable work in SDM-based signal processing
is seen in the literature, while the work in the SDM-
based image processing domain is untouched. In this
paper, a new trend of applying SDM on images is
proposed, discussed, and analyzed by performing
image arithmetic. The four arithmetic operations
performed here are addition, subtraction,
multiplication, and division. Besides, some statistical
parameters that include SNR, MSE, and Peak SNR
are also calculated and analyzed at different noise
variance values.

The statistical parameters indicate that the SNR
value of the proposed approach supersedes the
conventional method, and the Peak SNR remains the
same, while the value of MSE is higher in the
proposed approach and constant in the conventional
approach.
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This increased MSE may be adjusted by growing
the OSR in SDM, but it may be one of limiting
factor, as the OSR causes the data rate to increase
that in turn consumes more processing cycles. Also,
an additional block of decimation filter is needed at
the receiver end to meet the original data rate.

In the interpolation (OSR) and decimation, some
of the actual data is altered that makes the use of this
approach limited to less sensitive applications like
general video or image processing, and less suited to
military and medical applications.

The feasibility of hardware-based single-bit image
arithmetic will be analyzed by translating the
proposed architecture on FPGAs.
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