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ABSTRACT 

Binary image process may be a powerful tool in several image and video applications. A time period binary 

image process is performed victimization FPGA kit. The dynamic reconfiguration approach and basic mathematical 

morphology operations square measure accustomed increase the processor performance. The processor is enforced 

on AN EP2S180 field-programmable gate array. A particular application chip with a 500-dpi cellular-logic process 

array was used that chiefly lacked in flexibility. The reconfigurable technique will bridge the gap between 

application-specific integrated circuits and suppleness providing high speed. Synthesis results show that the 

bestowed processor will deliver 60.72GOPS and 23.72 GOPS/mm² at a 220-MHz system enter the SMIC 0.18-μm 

CMOS method. Synthesis and simulation is finished by using Xilinx and Model Sim computer code. This processor 

is principally applied for identification of an object and authentication. 

KEY WORDS: Reconfigurable Image Processor, Masks, Dilasion, Erosion. 

1. INTRODUCTION 

Binary Image process is extraordinarily helpful in numerous areas, like visual perception, tracking, motion 

detection and machine intelligence, image analysis and understanding, video process, pc vision and identification 

and authentication systems. Binary image process has been ordinarily enforced exploitation processors like electronic 

equipment or DSP. However, it's inefficient and troublesome to use such processors for binary image process. High-

speed implementation of binary image process operations is with efficiency accomplished by exploitation chips 

specialised for binary image process. Therefore, binary image process chips have attracted a lot of attention within 

the field of image process. Application-specific chips and hardware are reportable for numerous applications. A 

inform device employing a specialised rule was bestowed for motion detection. All the above-named chips square 

measure designed for specific applications. The key disadvantage of application-specific chips is that the lack of 

flexibility. With the continual CMOS technology scaling, the importance of flexibility exceeds that of 

semiconducting material space, particularly in vision chips. The reconfigurable technique will bridge the gap 

between application-specific integrated circuits and suppleness. A vision system with high flexibility and 

performance, small size, and low power consumption is enforced during a single chip. Most reconfigurable vision 

chips notice reconfigurable computing by process part array. They’ll be utilized in image or video process, target 

trailing, transmission applications, and pc vision. 

Literature Review: A digital image may be an illustration of a two-dimensional image as a finite set of digital 

values, referred to as image components or pixels. The image is hold on in computer hardware as second array of 

integers. Digital pictures are often created by a spread of input devices and techniques like digital cameras, scanners 

and coordinate activity machines etc. Binary pictures are pictures whose pixels have solely 2 doable intensity values. 

The binary pictures are used for smaller memory needs, quicker execution time and several techniques developed 

for these systems are applicable to vision systems that use grey scale image and fewer expensive. 

Anto Bennet (2012), presented a completely unique approach to estimate traffic speed employing a sequence 

of pictures from an uncalibrated camera. It’s been declared that actual standardization isn't necessary to estimate 

speed. Instead the subsequent is employed; a) geometric relationships inherently obtainable within the image,               

b) some common sense assumptions that scale back the matter to one-dimensional (1-D) pure mathematics, c) frame 

differencing to isolate moving edges and track vehicles between frames and parameters from the distribution of auto 

lengths to estimate speed. Its sensible accuracy and high speed, however it needs additional standardization. 

Anto Bennet (2015), conferred the algorithms and their hardware architectures for binary morphological 

erosion and dilation. Above all, a quick stall-free low-complexity design is planned that takes advantage of the 

morphological duality principle and structuring component (SE) decomposition. Hence, the aim is to reduce the 

amount of operations, memory demand, and memory accesses per element. The most advantage of the planned design 

is that for the common category of flat and rectangular SEs, complexness and range of memory accesses per element 

is low and freelance of each image and SE size. The planned style is compared to the additional common delay-line 

design in terms of complexness, memory needs and execution time, each for an actual implementation and as a 

perform of image resolution and SE size. It provides low complexness design and needs no further clock cycles 

however the procedure complexness is high. 

          Anto Bennet (2016), instructed a surveillance camera design employing a one-bit motion detection rule for 

moveable applications. The standard closed-circuit television needs too several parts and is simply too difficult for 

moveable applications. The planned motion-detection rule uses one-bit pictures that are elect employing a binary 

search rule that's determined by varied the reference voltage. It provides high speed interface and is straightforward 

design. However it's high in price and power consumption. 
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Proposed System-Reconfigurable Processor: 

 
Figure.1. Architecture of the Reconfigurable Image Processor 

It consists of the reconfigurable binary reckon units that could be a mixed-grained design. Characteristics-

high flexibility, potency and performance of the processor is increased by mistreatment the dynamic reconfiguration 

approach. It’s enforced to perform period of time binary image process. It will method pixel-level pictures and extract 

image options like boundary and motion pictures. The core of the processor could be a reconfigurable binary process 

module consisting of binary reckon units and output management logic. The processor additionally has 2 bus 

interfaces, the input and output management logic units, the method management unit, and a configuration register 

cluster. The computation unit of reconfigurable binary processor is;  

 Binary compute element 

 Set element 

          Mathematical morphology could be a important and helpful space of image process. It provides answer for an 

oversized range of image process issues.  Image process specialists like mistreatment it as a result of its well defined 

and straightforward to use, however like different image-processing tool-kits, mathematical morphology needs large 

procedure power, particularly in period of time applications. It additionally introduces the effective implementation 

strategies of binary and gray-scale morphological erosion, dilation and reconstruction. 

Boolean Operations: When multiple criteria are available for selecting the pixels to be kept as foreground, they may 

be combined using any of these Boolean combinations. The combinations of different Boolean operations performed 

are shown in fig.2.  

 
Figure.2. Combined Boolean operations 

(a) (not a) and b; (b) a and (not b); (c) (not a) and (not b); (d) not (a and b); (e) (not a) or b; (f) a or (not b) 

For this purpose, we'll assume that binary pictures showing the spatial distribution of some significant 

concentration level of many components is obtained. The SEM additionally produces a lot of typical pictures using 

secondary or backscattered electrons. These have superior spatial resolution and higher feature form definition, 

however with less elemental specificity. The binary pictures from these sources is combined with the x-ray or 

elemental data. what is more, the terribly poor statistics of the pictures (due to the extraordinarily low potency for 

manufacturing x-rays with associate beam and therefore the ray of light intensity needed permanently spatial  

resolution in SEM images) mean that these images usually need process, either as grey-scale pictures (e.g., 

smoothing) or once binarization (using the morphological tools). 

Masks: The previous description of using Boolean algebra to mix pictures makes the belief that each pictures area 

unit binary (that is, black and white). It’s additionally potential to use a binary image as a mask to switch a grey-

scale image. This is often most frequently done to blank out (i.e., set to background) some portion of the grey-scale 
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image, either to form a show during which solely the regions of interest area unit visible or to pick out regions whose 

brightness, density, so forth area unit to be measured. The dark spots area unit isolated by thresholding, then the 

thresholder binary image is applied as a mask to supply separated options for measuring that retain the first density 

values. This operation is performed in many physical ways in which. The binary mask is utilized in an overlay, or 

alpha channel, within the show hardware to prevent pixels from being displayed. It’s additionally potential to use the 

mask to switch the hold on image. this will done by multiplying the grey-scale image by the binary image, with the 

convention that the binary image values area unit zero (OFF) or one (ON) at every pel. In some systems this result's 

enforced by combining the grey-scale and binary pictures to stay whichever worth is darker or brighter. As an 

example, if the mask is white for background and black for foreground pels then the brighter pixel worth’s at every 

location can erase all background pixels and keep the gray value for the foreground pixels. The masks that may be 

applied to a picture to switch the greyscale is shown in fig three. 

 
Figure.3. Masks that can be applied to an image 

Selecting Features By Location: In a generalization of the tactic for identification of touching options AND is 

additionally helpful once applied in conjunction with pictures that map regions in line with distance. Fig.4a, shows 

the diagram containing options and boundary and fig.4b, below shows that dilating a line, like a grain boundary or 

cell membrane, will turn out a broad line of elect thickness. Exploitation this line to pick options that bit it selects 

those options that, despite size or form, return among that distance of the initial boundary. Tally these for various 

thickness lines provides the way to classify or count options as a operate of distance from irregular boundaries. 

Associate in nursing actual image of grain-boundary depletion. there's continually a particular quantity of compound 

gift in such coatings, that generally causes no difficulties however if the compound, that could be a promptly 

recognizable shade of gray, is preferentially settled at the coating- substrate interface, it will turn out a part of 

weakness that will fracture and cause spalling of the coating. Thresholding the image to pick the compound, then 

adding this with the road representing the interface provides an instantaneous mensuration of the contaminated 

fraction of the interface. Associate in nursing aperture or mask image will be accustomed limit the analysis of a 

second image to solely those areas among the aperture. Take into account tally spots on a leaf. The noninheritable 

image is often rectangular, however the leaf isn't. There could be regions outside the leaf that are similar in brightness 

to the spots. Making a binary image of the leaf, then Feature-adding it with the whole image selects those spots. 

 
Figure.4. Comparison of pixel and feature-AND (a) Diagram of an image containing features and 

boundary; (b) The boundary line, made thicker by dilation; (c)  Pixel-based AND of image b and 

a(incomplete features and one divided into two parts); (d) Feature-AND of images b and a (all features 

within a Specified distance of the boundary). 
A rather completely different use of feature-based mathematical logic implements the dissector, a 

stereological tool that offers associate degree unbiased and direct live of the quantity of options per unit volume. In 

fig 4 shows the pixel-based AND of image b and a i.e. incomplete options. It needs matching options in 2 pictures 

that represent parallel planes separated by a distance T. The options represent the intersection of 3 dimensional 

objects with those planes. Those objects that see each planes are unnoticed, however those that see just one plane or 

the opposite are counted. The whole range of objects per unit volume is that then wherever space is the space of 

every of the pictures. This methodology has the advantage of being insensitive to the form and size of the objects, 

however it needs that the planes be shut enough along that no info is lost between the planes. In effect, this implies 

that the gap T should be little compared to any vital dimension of the objects. Once T is little, most objects see each 
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planes. The options in those planes won't correspond specifically, however square measure expected to overlap a 

minimum of partly. Within the case of a branching three-dimensional object, each of the intersections in one plane 

are expected to overlap with the intersection within the second plane. Of course, since most of the objects do taste 

each planes once T is little, and solely the few that don't are counted, it's necessary to look at an oversized image 

space to get a statistically helpful range of counts. In fig four d) feature of AND a and b is shown. That demand 

makes the employment of an automatic methodology supported the Feature-AND logic engaging. The foremost in 

depth category of binary image process operations is commonly conjointly represented as morphological operations. 

These embrace erosion and dilation, and modifications and mixtures of those operations. 

   
Figure.5. Removal of lines of pixels that straddle a boundary (a) Original grey-scale microscope image of 

a three-phase metal; (b) Binary image obtained by thresholding on the intermediate grey phase;               

(c) Erosion of image b using two iterations 

 All are essentially neighbour operations, to method grey-scale pictures within the spatial domain. As a result 

of the values of pixels within the binary pictures are restricted to zero or one, the operations are less complicated and 

typically involve investigating instead of sorting or weighted multiplication and addition. However, the essential 

concepts are identical, and it's potential to perform these procedures using identical specialised array-processor 

hardware typically utilized for grey-scale kernel operations. Fig.5a, shows the first magnifier greyscale image of a 3 

section metal. 

Erosion removes pixels from options in a picture or, equivalently, turns pixels OFF that were originally ON. 

The aim is to get rid of pixels that ought to not be there. It’s one in every of the 2 basic operators within the space of 

mathematical morphology, the opposite being dilation. It’s generally applied to binary pictures, however there are 

versions that employment on grey scale pictures. Fig.5b, shows the binary image obtained by thresholding on the 

intermediate gray section. The essential result of the operator on a binary image is to erode away the boundaries of 

regions of foreground pixels (i.e. white pixels, typically). So areas of foreground pixels shrink in size, and holes at 

intervals those areas become larger. Erosion will entirely take away extraneous pixels representing purpose noise or 

line defects (e.g., scratches) as a result of these defects are unremarkably solely one pel wide. Fig.5c, shows the 

erosion of image b exploitation iteration. Rather than removing pixels from options, a complementary operation 

referred to as dilation (or typically dilatation) are often accustomed add pixels. The operations have 2 operands: 

the signalling, that is typically a picture, and therefore the structuring component characterised by its form, size, and 

center location. The opposite binary morphological operations like gap, closing, and hit-and-miss operation are 

supported numerous combos of the 2 basic operations, dilation, and erosion. The implementation of binary erosion 

on the binary image processor is illustrated in Fig.5d. 

Assuming that A is the image and B is the structuring element, the dilation is defined by  

A⊕B = {x|[(ˆ B)x ∩A] |= ∅}                   [1] 

The erosion is defined by 

AB = {x|(B)x ⊆ A|}                                                          [2] 

 Where (B)x is the translation of B by the vector x and (ˆ B) denotes the symmetry of B. 

 
Figure.6. Erosion 

Dilation: Dilation is one of the two basic operators in the area of mathematical morphology, the other being erosion. 

It is typically applied to binary images, but there are versions that work on gray scale images. The basic effect of the 

operator on a binary image is to gradually enlarge the boundaries of regions of foreground pixels (i.e. white pixels, 

typically). This will add a layer of pixels around the periphery of all features and regions, which will cause some 

http://www.jchps.com/
http://homepages.inf.ed.ac.uk/rbf/HIPR2/matmorph.htm
http://homepages.inf.ed.ac.uk/rbf/HIPR2/erode.htm
http://homepages.inf.ed.ac.uk/rbf/HIPR2/binimage.htm
http://homepages.inf.ed.ac.uk/rbf/HIPR2/gryimage.htm
http://homepages.inf.ed.ac.uk/rbf/HIPR2/pixel.htm


Journal of Chemical and Pharmaceutical Sciences                                                                      ISSN: 0974-2115 

JCHPS Special Issue 2: February 2017 www.jchps.com                                                                           Page 16 

increase in dimensions and may cause features to merge. It also fills in small holes within features. Because erosion 

and dilation cause a reduction or increase in the size of regions, respectively, they are sometimes known as etching 

and plating or shrinking and growing. A variety of rules are followed in order to decide which pixels to add or remove 

and for forming combinations of erosion and dilation. Erosion to remove the extraneous lines of pixels between light 

and dark phases causes a shrinking of the features. 

   
Figure.7. Removal of lines of pixels that straddle a boundary: (a) Original grey-scale microscope image of 

a three-phase metal; (b) Binary image obtained by thresholding on the intermediate grey phase;               

(c) Dilation of image c using the same two iterations, restoring the feature size but without the lines. 

Following the erosion with dilation will more or less restore the pixels around the feature periphery, so that 

the dimensions are (approximately) restored. Fig.7, shows the removal of lines of pixels that straddle a boundary. 

Isolated pixels that have been completely removed, however, do not cause any new pixels to be added. They have 

been permanently erased from the image. 

 
Figure.8. Gray level dilation using a disk shaped structuring element. The graphs shows a vertical        

cross-section through a gray level image 

The purpose is to remove pixels that should not be there. It is one of the two basic operators in the area of 

mathematical morphology, the other being dilation. In Fig.8, the graphs shows a vertical cross-section through a gray 

level image. All are fundamentally neighbour operations, to process grey-scale images in the spatial domain. Because 

the values of pixels in the binary images are restricted to 0 or 1, the operations are simpler and usually involve 

counting rather than sorting or weighted multiplication and addition. The implementation of binary dilation on the 

binary image processor is illustrated in Fig.9. 

The dilation is defined by  

A⊕B = {x|[(ˆ B)x ∩A] |= ∅} 

The mathematical definition of greyscale dilation is identical except for the way in which the set of 

coordinates associated with the input image is derived. In addition, these coordinates are 3-D rather than 2-D.  

 
Figure.9. Dilation 

Opening: The combination of erosion followed by dilation is called an opening, referring to the ability of this 

combination to open up gaps between just-touching features, as shown in figure. It is one of the most commonly 

used sequences for removing pixel noise from binary images. Performing the same operations in the opposite order 

(dilation followed by erosion) produces a different result. This sequence is called a closing because it can close 

breaks in features. Fig.10, shows the Combining of erosion and dilation to produce an opening or a closing. Several 

parameters can be used to adjust erosion and dilation operations, particularly the neighbour pattern and the number 

of iterations, as discussed below. In most opening operations, these are kept the same for both the erosion and the 
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dilation. Openings can be used in some cases to separate touching features, the features are all similar in size. This 

fact makes it possible to continue the erosion until all features have separated but none have been completely erased. 

After the separation is complete, dilation grows the features back toward their original size. 

 
Figure.10. Combining erosion and dilation to produce an opening or a closing. The result is different 

depending on the order of application of the two operations 

They would merge again unless logic is used to prevent it. A rule that prevents turning a pixel ON if its 

neighbours belong to different features maintains the separation shown in the figure. This requires performing feature 

identification for the pixels, so the logic discussed previously is required at each step of the dilation. An additional 

rule prevents turning on any pixel that was not on in the original image, so that the features are restricted to their 

original sizes. If the features had different original sizes, the separation lines would not lie correctly at the junctions. 

In mathematical morphology opening is the dilation of the erosion of a set A by a structuring element B: 

       [3] 

Where  and  denote erosion and dilation respectively. Together with closing, the opening serves in 

computer vision and image processing as a basic workhorse of morphological noise removal. Opening removes small 

objects from the foreground (usually taken as the dark pixels) of an image, placing them in the background, while 

closing removes small holes in the foreground, changing small islands of background into foreground. These 

techniques can also be used to find specific shapes in an image. Opening can be used to find things into which a 

specific structuring element can fit (edges, corners).One can think of B sweeping around the inside of the boundary 

of A, so that it does not extend beyond the boundary, and shaping the A boundary around the boundary of the element. 

The implementation of binary opening is illustrated in Fig.11. 

Opening denoted with ◦ expressed as  

A◦B = (AB) ⊕ B 

                                   
Figure.11. Opening 

Closing: Closing is a crucial operator from the sector of mathematical morphology. Like its twin operator gap, it are 

often derived from the basic operations of abrasion and dilation. Like those operators it's commonly applied to binary 

pictures, though there are a unit grey level versions. Closing is comparable in some ways in which to dilation therein 

it tends to enlarge the boundaries of foreground (bright) regions in a picture (and shrink background color holes in 

such regions), however it's less harmful of the initial boundary form. The impact of the operator is to preserve 

background regions that have an identical form to the present structuring part, or which will utterly contain the 

structuring part, whereas eliminating all different regions of background pixels.  

Closing is gap performed in reverse. It’s outlined merely as dilation followed by erosion exploitation 

constant structuring part for each operations. The closing operator so needs 2 inputs: a picture to be closed and a 

structuring part. If the sequence is performed within the different order, that is, a dilation followed by erosion, the 

result's not constant. Rather than removing isolated pixels that area unit ON, the result's to fill in places wherever 

isolated pixels are OFF, missing pixels among options or slender gaps between parts of a feature. Closing accustomed 

connect along the components of the cracked fibers shown in cross section. The cracks area unit all slender, therefore 

dilation causes the pixels from either aspect to unfold across the gap. The rise in fiber diameter is then corrected by 

erosion, however the cracks don't appear. The classical erosion and dilation operations illustrated higher than flip a 

constituent ON or OFF if it touches any constituent within the opposite state. Usually, touching during this context 

includes any of the adjacent eight pixels, though some systems deal solely with the four edge-sharing neighbours. 

These operations would even be abundant easier and a lot of isotropous on a polygonal shape constituent array, as a 
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result of the constituent neighbour distances area unit all constant, however sensible issues cause the overall use of 

a grid of sq. pixels. The impact of closing are often quite simply unreal. Imagine taking the structuring part and 

slippery it around outside every foreground region, while not dynamic its orientation. For any background boundary 

purpose, if the structuring part are often created to the touch that time, with none a part of the part being within a 

foreground region, then that time remains background. If this can be unfeasible, then the constituent is ready to 

foreground. once the closing has been allotted the background region are specified the structuring part are often 

created to hide any purpose within the background with none a part of it additionally covering a foreground purpose, 

so more closings can haven't any impact. This property is understood as idempotence. The impact of a closing on a 

binary image employing a 3×3 sq. structuring part is illustrated in Fig twelve. Closing is that the twin of gap, i.e. 

closing the foreground pixels with a specific structuring part, is cherish closing the background with constant part. 

The implementation of binary closing is illustrated in Fig.13. Closing operations denoted with • express 

A•B = (A⊕B) B. 

  
Figure.12. Effect of closing using a 3×3 square structuring element Figure.13. Closing 

Motion Detection and Feature Extraction: Image differencing is a common image processing technique used to 

estimate the shifted locations of an object. The XOR calculates the location of the current frame relative to the 

previous frame. An algorithm is presented to estimate the mean traffic speed. Two binary edge images are intersected 

to obtain a moving edge image. Dilation and erosion are successively applied to the moving edge image to get a 

closed curve and an enhanced moving edge image. The memory in the processor occupies most of the processor area 

(1.96 mm2) in order to support the horizontal size of processed images up to 1280. The logic circuit area is 0.6mm2 

and 101.2 GOPS/mm2 is achieved on the logic part.  In Fig.14b, the range and the range’s center of the letter “A” 

was obtained. After the binary image was generated, the function extracting the range of a region and the range’s 

center was used. Next the outer boundary of “A” was obtained. Using the global function extracting coordinates of 

activated pixels, the boundary of “A” was sent out of the chip in the form of coordinates. Fig.14c, shows the boundary 

image and the extracted Y coordinates of the activated pixels on the boundary.       

 
Figure.14. (a) The photo of an object taken by a digital camera (b) The range and the center of the object 

extracted in the SRVC (c) Outer-boundary of the object and the Y coordinate transferred from the chip 

           The processor yields in overall performance to the SRVC whose chip can easily be scaled up in resolution or 

in bits of memory. However, when the image resolution of the SRVC is scaled up to 128×128, the area and memory 

will increase to at least 20mm2 and 64K bit, respectively, and the power consumption will reach the W level. 

Therefore, the processor is more appropriate for embedded systems. The processor is then implemented on the Altera 

Stratix II EP2S180C4 FPGA board for verification. The detailed hardware consumption for each component of the 

processor is shown in Table.1. The overall performance of the binary image processor is evaluated according to the 

number of the binary compute units. At a 220-MHz system clock each binary compute unit in the processor can 

provide 15.18 GOPS in SMIC 0.18-μm CMOS process.  

Table.1. Resource Utilization of the Modules 

Module ALUTs LC Registers Block Memory (bits) 

Reconfigurable binary processing 

module 

2564 1828 40 960 

Input and output logic 1331 844 19 456 

Register and control logic 264 809 0 

Whole processor 4159 3481 60 416 
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System Analysis: 

Table.2. Execution Times and Performances of Operations 

Operations Times (ms) Frame Rate (f/s) 

Median filtering 4.77 210 

Dilation 4.78 209 

Erosion 4.78 209 

Opening 4.8 208 

Closing 4.8 208 

Hit-and-miss 4.8 208 

Noise filtering 4.84 207 

Boundary extraction 4.78 209 

The binary image processing system is applied to verify the proposed binary image processor. The system 

performance is shown in Table.3. 

Table.3. Comparison between the Existing System and Reconfigurable Processor 

Proposed method Existing method 

High efficiency and          performance. High power consumption. 

High speed, simple structure. Lack of flexibility. 

Wide application range. Lack of visual content analysis engine. 

Compact in size. Less compact. 

High flexibility. Less flexibility. 

The overall comparison between the existing system and proposed system is shown in Table.2. The synthesis 

results demonstrated that each binary compute unit in the processor can provide 15.18 GOPS and that the binary 

image processor can deliver 60.72 GOPS and achieve 23.72-GOPS/mm2 area efficiency at a 220-MHz system clock 

in the SMIC 0.18-μm CMOS process. 

3. EXPERIMENTAL RESULT 

A reconfigurable binary image processor was projected to perform period of time binary image process. The 

processor consists of a reconfigurable binary process module, input and output image management units, and 

peripheral circuits. The reconfigurable binary process module encompasses a mixed-grained design with the 

characteristics of high potency and performance. The dynamic reconfiguration approach was accustomed increase 

the processor performance. Basic mathematical morphology operations and complex algorithms will simply be 

enforced thereon attributable to its easy structure. The processor, featured by high speed, easy structure, and wide 

application vary, is appropriate for binary image process, like beholding, object chase and motion detection, laptop 

vision, identification, and authentication. The conferred processor is meant for applications in image or video process, 

laptop vision, machine intelligence and identification and authentication systems. Such systems ought to have a high 

flexibility and high performance processor for wide applications; thus, the processor style is targeted on high 

flexibility and speed. A number of the traditional works square measure designed for specific applications and a few 

have massive areas and high power consumption. Then, a reconfigurable binary process module with high speed and 

easy structure is enforced for wide use and overwhelming fewer hardware resources. The experimental and synthesis 

results incontestable that every binary calculate unit within the processor will give fifteen.18 GOPS which the binary 

image processor will deliver sixty.72GOPS and attain twenty three.72-GOPS/mm2 space potency at a 220-MHz 

system punch in the SMIC 0.18-μm CMOS method. The comparison showed that our processor is additional 

appropriate for binary image process and vision systems. Of course, the particular performance in real applications 

is lower attributable to the utilization of native synchronous operations, however, the actual fact that the world 

operation takes solely many clock cycles to be accomplished reduces the time interval and power consumption 

significantly. 

 
Figure.15. The motion of the target that moves horizontally back and forth 

A white target on a dark background moves forth and back horizontally before a camera that is fixed on an 

actuator. The distance between the camera and the target is 60 cm. The prototype chip is behind the camera, and it 
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continues capturing the target and extracting the position of the target. Thus, the target is tracked by the SRVC vision 

system. Fig 15, gives the record of the motion of the target during the target tracking experiment. 

 
Figure.16. Binary image processing results (a) Input image, (b) Structuring element,  (c) Dilation,               

(d) Erosion, (e) Opening, (f) Closing 

The first step is to eliminate noise dots outside the object region by opening that is erosion followed by 

dilation. This generates the image shown above. Next, the closing operation, a dilation followed by erosion, is 

performed on the middle of the image, resulting in the image without the noise at the bottom gives the process of 

region growing based on dilation. A seed in the image at the top grows referencing the region in the bottom and 

finally generates a region equal to that, shown in the image at the bottom that shows the outer boundary in the middle 

and the inner boundary at the bottom corresponding to the region in the image at the top. Dilation and erosion are 

used to obtain the outer and inner boundary, respectively. The operation results of dilation, erosion, opening, and 

closing are shown in Fig.16. Fig.17, shows the overall simulated result.                            

 
Figure.17. Simulated results of various operations 

4. CONCLUSION 

A reconfigurable binary image processor was projected to perform period binary image process. The 

processor consists of a reconfigurable binary process module, input and output image management units, and 

peripheral circuits. The reconfigurable binary process module includes a mixed-grained design with the 

characteristics of high efficiency and performance. The dynamic reconfiguration approach was wont to increase the 

processor performance. Basic mathematical morphology operations and complex algorithms will simply be enforced 

thereon thanks to its straightforward structure. The processor, featured by high speed, straightforward structure, and 

wide application vary, is appropriate for binary image process, like beholding, object following and motion detection, 

laptop vision, identification and authentication. The usage of the one-bit image permits the reductions of the scale of 

the device and also the quantity of calculation. It is expected that the projected design can come through low value 

and low power consumption. The binary search formula, one-bit motion detection and varied functions were verified 

on an FPGA board. 
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