
- 

VLSI implementation of Sobel Edge Detector using 
mode selection-based hybrid reconfigurable adders 

 
 

Manmohan  
ECE, Malla Reddy Engineering 

College  
(Jawaharlal Nehru Technological 

University) 
Hyderabad, India 

 
 

  
 
 

 
 

Dr M Jagadeesh Chandra Prasad  
Professor ECE, Malla Reddy 

Engineering College  
(Jawaharlal Nehru Technological 

University) 
Hyderabad, India  

 
 
 

Abstract—Sobel edge detection plays the major role in many 
digital image processing applications, which includes pattern 
recognition, area detection, and so on.  The hardware 
implementation for sobel edge detection is the essential to meet 
the specifications of these applications. However, the 
conventional methods are suffering with improper edge 
estimations with higher hardware resource utilizations. 
Therefore, this work is focused on implementation of hybrid 
sobel edge detector (HSED) using half sum-carry generation 
square root carry select adders (HSCG-SQRT-CSLA). The 
HSED operation is implemented by performing the matrix 
multiplication between image pixel values to the HSED. 
Further, this matrix multiplication operation is performed 
through successive HSCG-SQRT-CSLA additions. In addition, 
subtraction in matrix multiplication process is achieved by twos 
complement addition through HSCG-SQRT-CSLA. The 
simulations reveled that the proposed HSED is resulted in 
superior performance than conventional edge detection 
methods. 

Keywords— Hybrid sobel edge detector, half sum-carry 
generation, square root carry select adders, twos complement 
addition. 

I. INTRODUCTION  

The design of edge detector-based VLSI circuits needs to 
be improved for the development of VLSI technology [1]. In 
order to improve the controllability and observability methods 
of edge detector, partitioning and random test pattern are 
necessary. The edge detector methods should cover 90% of 
perfect edge coverage [2]. The edge detector-based VLSI 
circuits with more than 20000 gates can be implemented in 
simulation. The cost of perfect edge simulation is also to be 
reduced. Certain guidelines need to be followed in designing 
of VLSI circuits to make the edge detector-based VLSI simple 
and perfect edge free [3]. The factors such as test strategy, 
initialization, synchronous system, test mode logic, wired 
logic, floating signals, one shot, clock control, power on reset 
and analog modules are to be considered for the best design of 
VLSI circuits [4]. The test strategy is to be identified at the 
time of designing itself. Proper test strategy is not determined 
at the beginning it will be too difficult to identify the perfect 
edge at later stage. In order to test the VLSI circuit, it is to be 
driven from a known state [5]. If a reset signal is given then 
the digital circuits such as flip flops, counters, latches, 
registers etc. are to be loaded with initial value for proper edge 
detector [6]. These initial values are to be loaded by a separate 
driven circuit. It reset signal is given the driven circuit will 
load the initial values. This initialization is to be done before 
test vectors is passed to the circuit under test. All the 
components in the VLSI circuit are to be synchronized to 

avoid race condition [7]. The clock and reset signals are the 
two types of signals specifically designed for proper 
synchronization of VLSI circuits. Certain hardware is 
specifically designed in the chip for edge detector purpose [8]. 
This hardware is separated from the normal functions of the 
chip. In the test mode logic various components of chip is 
detected. The VLSI input output pins are multiplexed for 
normal operation and edge detector mode operation. The 
number of pins used for this purpose is maintained as 
minimum as possible. The wired AND, wired OR logic 
sometimes creates problems during edge detector. This can be 
avoided by using AND/OR logic or OR/AND logic [9]. The 
floating signals need to be monitored carefully, otherwise it 
can store charge in the temporary capacitor which act as a 
dynamic RAM. This memory will be refreshed and make 
some changes in data stored in the static memory. In order to 
get good reliability, the floating signals are to be avoided. One 
stable multivibrator is unstable during edge detector [10]. The 
use of one stable multivibrator is to be avoided, instead 
counters, logic gates and time generating circuits. The one-
shot circuits will not be compatible with synchronous design 
circuits. Therefore, the major contributions of this work are as 
follows: 

 Implementation of HSED using matrix 
multiplication between image pixel values to the 
HSED through HSCG-SQRT-CSLA. 

 Construction of novel HSEDs and matrix 
multiplication operation is performed through 
successive HSCG-SQRT-CSLA additions. 

 Subtraction in matrix multiplication process is 
achieved by twos complement addition through 
HSCG-SQRT-CSLA.  

Rest of the article is organized as follows: section 2 deals 
with literature survey, section 3 deals with the proposed 
HSED implementation, section 4 deals with analysis of results 
with performance comparison, section 5 concludes the article 
with possible future directions. 

II. LITERATURE SURVEY 

In [11] authors used the two-point crossover for the edge 
generation. The crossover points are created randomly. There 
is a 50% possibility of each chromosome in the chromosome 
pair to appear in the new edge. The new chromosome pair 
inherits the properties of parent chromosomes. The same 
procedure is repeated till the whole population of 
chromosomes pair have been created.   In [12] authors have 
introduced mutation operator to create diversity in the edge. 
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Adaptive mutation is followed to create new papulation. The 
mutation probability rate considered for this test pattern 
generation is 1% and this may be increased to higher values to 
generate a greater number of populations if there is no perfect 
edge coverage in three successive generation of genetic 
algorithm with respect to Global Record Table [13]. The delay 
test system uses mutation property. External clock control can 
be used by the VLSI circuit for edge detector purpose by 
disabling the input clock generator. The use of external clock 
signal avoids race condition. The race condition normally 
takes place in master slave flip flop [14]. If the internal clock 
generator is not manageable during edge detector, then the 
need of external clock generator arises. The power on reset is 
an option available in VLSI circuits for function during the 
start of the particular applications [15]. But during edge 
detector the power on reset option is not necessary and it 
should be bypassed. The edge detector for power on reset is 
also necessary. 

 Additional circuits for bypassing the power on reset 
hardware during edge detector should be included in the 
design stage itself [16]. Analog circuits such as amplifiers, 
analog to digital converter, digital to analog converter 
comparators etc. may be presented in the VLSI chip. A 
Separate control for analog circuit is necessary for edge 
detector; otherwise, it will create short circuit or race condition 
in the circuit. The isolation of analog and digital circuit is 
necessary for the proper implementation, design and edge 
detector-based VLSI circuits [17]. 

The fitness function and the perfect edge simulation 
function [18] in relation with the global record table allow the 
scoring function to assign fitness value to a chromosome pair. 
The perfect edge coverage of the chromosome is satisfactory 
then the chromosome pair will enter into the delay test. Then 
the chromosome pair is then updated in the Global Record 
Table. In [19] authors designed a new infrastructure design 
analog and digital system. In this new structure the System on 
Chip (SOC) is combined with the analog cores for efficient 
edge detection. The analog and digital system can be detected 
in a unified manner. This reduces the overall cost of the 
system. The analog and digital circuits are combined together 
and they can be accessed by real-time canny edge detection 
(RTCED) [20]. To reduce the overhead the analog test 
wrapper optimization technique is combined with RTCED 
optimization to reduce the cost. The audio CODEC circuits 
are combined with SOC in cellular phone applications. This 
infrastructure circuits can be detected in this design. The test 
wrapper infrastructure circuit consists of digital test control 
circuit, digital RTCED clock, serial to parallel conversion 
registers.  

The high-speed image edge detection (HSIED) [21] circuit 
can be combined with other RTCED techniques. The 
requirement of the analog signal for the RTCED can be 
obtained from the HSIED. This RTCED approach reduces the 
edge detector time and overall cost of the system [22]. This 
HSIED optimization easily handles the analog cores and 
digital circuits easily. The area of the system is also reduced. 
The experimental result of edge detector the SOC with the 
analog cores is presented.  In [23] authors proposed digital 
fuzzy system edge detection (DFSED) algorithm for open 
defects in the VLSI circuits. The open circuit may take place 
in two layers of the digital circuits such as inter layer opens 
and intra layer opens. A branch and bound algorithm were 
designed, which reduces the functions of ATPG. The flow is 

designed for detecting the open circuit perfect edge and 
analyzing the parameters of the digital circuits [24]. By 
tracking the fanout structure the interconnect open can be 
detected. Edge open defect model is designed for the inter 
layer and intra layer open defects. Energy efficient sobel edge 
detection (EESED) [25] is used for this model. This model 
functions by extracting the layout capacitances values 
obtained from the circuit layout. The open circuit defect model 
is combined with automatic test pattern generation to improve 
the edge detector. 

III. PROPOSED METHOD  

The HSED takes less time to calculate than the traditional 
roberts, canny, and prewit edge detection techniques, but 
because of its wider convolution kernel, which more 
thoroughly smooths the input picture, the operator is less 
sensitive to noise. In comparison to Roberts edges, the 
operator often yields output values that are noticeably greater 
for comparable edges. For picture formats that only permit 
modest integer pixel values, the operator's output values may 
quickly exceed the maximum permissible pixel value, similar 
to the Roberts Edge detection (e.g., 8-bit integer images). The 
conventional procedure in such circumstances is to simply set 
overflowing output pixels to the highest permitted value.  

Using an image type that allows pixel values with a wider 
range can help you avoid the issue. Due to the HSED's 
smoothing effect, lines with natural edges in photos often 
result in output images that are several pixels wide. To combat 
this, some thinning could be beneficial. If it doesn't work, 
hysteresis ridge tracking could be used, similar to the Canny 
operator. By carrying out a measurement of the 2-D spatial 
gradient on an image, the HSED is able to highlight regions of 
an image that have a high spatial frequency and which 
correspond to edges. In most cases, it is used to figure out the 
approximate absolute magnitude of the gradient at each 
position in a grayscale input image. As shown in Figure 1, the 
operator may be broken down into two convolution kernels 
with a total of 33 nodes each, at least in theory. The other 
kernel is simply rotated through 90 degrees to create one 
kernel. 

 
Figure 1: Sobel convolution kernels, (a) 𝐺௫ kernel, (b) 𝐺௬ kernel. 

These kernels, one for each of the two orientations that are 
perpendicular to one another, have been intended to respond 
as strongly as is humanly feasible to edges that run vertically 
and horizontally in reference to the pixel grid. Each kernel 
may be applied on its own to the input image in order to 
generate separate measurements of the gradient component in 
each direction (also known as 𝐺௫ and 𝐺௬ ). It is therefore 
possible to calculate the absolute gradient magnitude at each 
location as well as the direction of the gradient by combining 
them. It is possible to determine the magnitude of the gradient 
by: 

|𝐺| = ඥ𝐺௫
ଶ + 𝐺௬

ଶ      (1) 
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An approximate magnitude is often calculated using: 

|𝐺| = |𝐺௫| + ห𝐺௬ห     (2) 

which computes significantly more quickly. The direction 
that an edge faces in relation to the pixel grid, which ultimately 
produces the spatial gradient, is established by: 

𝜃 = arctan൫𝐺௬/𝐺௫൯     (3) 

In this instance, orientation 0 is understood to indicate that 
the direction of the image's highest contrast, from black to 
white, travels from left to right. Subsequent angles are then 
measured counterclockwise from this. The two components of 
the gradient are readily calculated and added in a single pass 
over the input picture using the pseudo-convolution operator 
illustrated in Figure 2. Frequently, this absolute magnitude is 
the only result the user sees. It stands for pseudo-convolution 
kernels that are swiftly utilized to calculate the estimated 
gradient magnitude. 

 

Figure 2: 3x3 patch of image. 

Further, the 𝐺௫  and 𝐺௬ are derived by performing the dot-
wise matrix multiplication between  𝐺௫ kernel and 𝐺௬ kernels 
to the 3x3 patch of image. 

𝐺௫ = (𝑃ଷ + 2𝑃଺ + 𝑃ଽ) − (𝑃ଵ + 2𝑃ସ + 𝑃଻)   (4) 

𝐺௬ = (𝑃ଵ + 2𝑃ଶ + 𝑃ଷ) − (𝑃଻ + 2𝑃 + 𝑃ଽ) (5) 

Using this kernel, the approximate magnitude is given by: 

|𝐺| = |(𝑃ଵ + 2𝑃ଶ + 𝑃ଷ) − (𝑃଻ + 2𝑃 + 𝑃ଽ) +
(𝑃ଷ + 2𝑃଺ + 𝑃ଽ) − (𝑃ଵ + 2𝑃ସ + 𝑃଻)|  (6) 

Here, 𝑃ଵ  to 𝑃ଽ  represents the image pixels. Equation 6 
repress the magnitude of Sobel edge detection process, which 
consisting of additions, subtractions, and multiplication by 
factor 2. Figure 3 represents the VLSI architecture of HSED, 
which is implemented by using Equation 6.  

 

Figure 3. Proposed HSED architecture. 

The HSED operation is implemented by performing the 
matrix multiplication between image pixel values to the 
HSED. Here, multiplication by factor 2 is implementable by 
introducing the left shifting operation. Further, this matrix 
multiplication operation is performed through successive 
HSCG-SQRT-CSLA additions. In addition, subtraction in 
matrix multiplication process is achieved by twos complement 
addition through HSCG-SQRT-CSLA. 

A. Proposed HSCG-SQRT-CSLA 

The HSCG-SQRT-CSLA is an improved version of 
conventional SQRT-CSLA, which is generated by 
incorporating the HSCG, SCS modules as shown in Figure 4. 

The conventional SQRT-CSLA does not able to select the 
carry outputs and sum outputs parallelly, which is overcome 
in HSCG- SQRT-CSLA by introducing the SCS block. All the 
four blocks will function in parallel manner to improve the 
speed of the system. The multiplexer-based selection logic 
also minimizes the logical delays and propagation delays. 
Here, multiplexer is used to select the carry of AND outputs 
and sum of XOR outputs. Here, CIN provides the input to the 
multiplexer selection purpose. If CIN is zero, the XOR of 
inputs will be selected, else XNOR of inputs will be selected 
and resulted in SUM output. Table 1 depicts the truth table of 
the proposed HSCG-SQRT-CSLA, which consist of A, B, 
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CIN as inputs with SUM, CARRY as outputs, 
XOR,~XOR,OR,AND are the temporary outcomes. 

 

Figure 4. HSCG-SCS-Full adder 

Further, HSCG-SQRT-CSLA is developed by using 
HSCG-SCS-Full adder modules. Initially, HSCG-SCS-RCA 
is developed, which is replaced by conventional RCA 
modules as shows in Figure 5.  The proposed structure of the 
HSCG-SCG SQRT-based CSLA has been updated from the 
structure of the prior SQRT-based CSLA in order to 
accommodate this adding procedure. The earlier modules of 
traditional CSLA were built using RCA-based structures, and 
then those structures were updated with RCA-BEC-based 
structures.  

Table 1. Verification table of HSCG-SCS-Full adder 

A B CIN ~XOR XOR AND OR SUM CARRY 

0 0 0 1 0 0 0 0 0 

0 0 1 0 1 0 1 1 0 

0 1 0 0 1 0 1 1 0 

0 1 1 1 0 1 1 0 1 

1 0 0 1 1 0 0 1 0 

1 0 1 0 0 0 1 0 1 

1 1 0 0 0 0 1 0 1 

1 1 1 1 1 1 1 1 1 

 

At this time, those structures have been further developed 
to include HSCG and SCS units. SCS will be able to shorten 
the critical path by using this approach of adding in the 
processes of HSCG, as well as get rid of the superfluous 
arithmetic functions and logic operations in sequences. In the 
long run, arithmetic operations benefit from this adder's ability 
to cut down on the size of the logic and the propagation 
latency. 

 

Figure 5. Architecture of HSCG-SQRT-CSLA. 

IV. RESULTS AND DISCUSSION 

Xilinx ISE software was used to create all of the HSED 
designs. This software programmed gives two types of 
outputs: simulation and synthesis. The simulation results 
provide a thorough examination of the HMF-DC architecture 
in terms of input and output byte level combinations. 
Decoding procedure approximated simply by applying 
numerous combinations of inputs and monitoring various 
outputs through simulated study of encoding correctness. The 
use of area in relation to the LUT count will be accomplished 
as a result of the synthesis findings. In addition, a time 
summary will be obtained with regard to various path delays, 
and a power summary will be prepared utilizing the static and 
dynamic power consumption. Further, MatlabR2020a 
software is used to evaluate the subjective performance of 
HSED. 

 

Figure 6. Simulation outcome of HSED. 

Figure 6 represents the simulation outcome of HSED. 
Here, P0, P1, P2, P3, P4, P5, P6, P7, P8 are the input pins with 
each of 64bits and out is the 65bits output port.  

 

Figure 7. Design summary. 
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Figure 8. Time summary. 

Figure 7 shows the design (area) summary of proposed 
method. Here, the proposed method utilizes the low area in 
terms of slice LUTs i.e., 1117 out of available 17600. Figure 
8 shows the time summary of proposed method. Here, the 
proposed method consumed total 21.217ns of time delay, 
where 1.720ns of delay is logical and 19.4974ns of delay is 
route. Figure 9 shows the power consumption report of 
proposed HSED. Here, the proposed method  consumed 

power as 0.166 watts. Table 2 compares the performance 
evaluation of various HSED approaches. Here, the proposed 
HSED resulted in superior (reduced) performance in terms of 
LUTs, time-delay, and power consumption as compared to 
conventional approaches such as Optimized RTCED [20], 
HSIED [21], and DFSED [23]. Further, the proposed HMF-
DC resulted in improved subjective performance in terms of 
peak signal to noise ratio (PSNR), structural similarity index 
metric (SSIM) as compared to conventional approaches such 
as SMF [18], DMF [21], and AMF [25].  

 

Figure 9. Power summary. 

 

             (a)         (b)      (c)      (d) 

Figure 10. Edge detection methods performance (a) original image, (b) HSIED [21], (b) DFSED [23], (c) Proposed HSED.

Figure 10 shows the performance of various edge 
detection methods such as HSIED [21], DFSED [23], 
Proposed HSED for cameraman image. Here, four different 
scenarios are considered for such as, original image with no 
noise, low illumination, medium noise and high noise. For all 
four cases, the proposed method resulted in superior edge 

detection performance compared to HSIED [21], DFSED [23] 
methods. 
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Table 2. Performance evaluation. 

Metric RTCED 
[20] 

HSIED 
[21] 

DFSED 
[23] 

Proposed 
HSED 

LUTs 2913 2448 1572 1117 

Time delay (ns) 43.28 32.284 .453 21.217 

Power 
consumption (w) 

1.49 1.34 1.049 0.166 

PSNR (dB) 20.23 22.34 32.34 43.32 

SSIM 0.8327 0.883 0.827 0.9912 

 

V. CONCLUSION  

The implementation of HSED using HSCG-SQRT-CSLA 
is the main goal of this work. By applying the matrix 
multiplication of image pixel values to the HSED, the HSED 
operation is carried out. Additionally, this matrix 
multiplication operation is carried out using a series of 
additions using the HSCG-SQRT-CSLA formula. 
Additionally, the HSCG-SQRT-CSLA twos complement 
addition method is used to accomplish subtraction in the 
matrix multiplication process. The simulations showed that 
the proposed HSED performed better than traditional edge 
detection techniques. This work can be extended with 
combined edge detection methods like sobel-canny, sobel-
prewit using modified adders, subtractors. 
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