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Abstract – The main objective of this project is to 

design the architecture of the ARP and URP modules 

used for implementation of ARPS algorithm. This 

algorithm proves very effective in producing the motion 

vector (MV) which is used for video processing of HD 

videos and live telecast of events. Implementation of 

these modules will be carried out using the Xilinx – ISE 

(version 14.2) tool and the power analysis will also be 

carried out with the same tool. The system will be 

designed using Verilog HDL coding. The purpose of this 

design is to reduce the power consumption of the entire 

system. There are numerous techniques by which the 

HDL code can be optimized and few of those such as 

avoiding unwanted signal and data transitions, disabling 

logic blocks and pipelining. Motion vector is the input 

for the reference address generation block which 

generates the 19-bit address which is further given as 

input to the address generation block to give the final 

address. The final address will be used for current and 

reference frame memory which follows the ARPS 

algorithm to produce the output which is nothing but the 

motion vector. The ARPS flow also uses the Sum of 

Absolute Differences (SAD) to calculate the motion 

vector which is used for compression of 16 X 16 macro 

blocks. Hence the proposed optimization of HDL code 

will prove efficient in reducing the power consumption.  

Index terms: ARPS algorithm, ARP & URP modules, 

HDL, motion vector, signal transition frames.  

1. Introduction  

  

Many of the video coding standards like the MPEG-

4 and the H.264 use modern methods of video 

compression. Motion estimation is one the most 

exhaustive methods of a video encoder which mainly 

places its emphasis on the efficiency of video 

compression and the quality of the reconstructed frames. 

Block Matching Algorithms (BMA) will be used for 

reconstruction of frames, among which Full Search 

BMA (FSBMA) will yield the best results. But the 

drawback of the FSBMA is that it has higher 

computational complexity at the same time also requires 

high bitrate for broadcasting live videos with low 

distortion.   

Thus, it is essential to select an apt BMA which has 

lesser computational technique so that live videos could 

be broadcasted with lesser distortion. This system has 

taken into account various  

BMA’s such as Full Search (FS), Three Step Search 

(TSS), Diamond Search (DS), Hexagon-based Search 

(HEXBS), adaptive dual-cross search (ADCS) and 

adaptive rood pattern search (ARPS) and analyzed and 

compared their performances based on the Average Peak 

Signal to Noise Ratio (PSNR) and the Average Number 

of Search Points (ANSPs) which are required for 

generating the motion vector. The idea behind the 

proposed idea comes from the fact that power reduction 

is possible even more than in the existing system which 

offers a power consumption of 4.54 mW. Also, both the 

existing system and the proposed system can be 

implemented in ASIC as well as in Field Programmable 

Gate Array (FPGA) platform. This offers a great 

flexibility to the designers. It is designed using Verilog 

HDL code which offers a vast number of options and 

syntaxes for designing and the analysis is also easy 

because of the Xilinx – ISE tool which offers various 

functions and features for measuring all the parameters 

required for comparison of different algorithms 

implemented.  

 2. Implementation of ARPS algorithm  

A) MotionVector: In video editing motion vectors are 

used to compress video by storing the changes to an 

image from one frame to the next. The process is a bi-

dimensional pointer that communicates to the decoder 

how much left or right and up or down, the prediction 

macro block is located from the position of the macro 

block in the reference frame or field.  

B) Macro Block: Stand-alone frames in pictures, called 

I-frames divided into 8x8 block of non-overlapping 

pixels. Four of these blocks arranged into a bigger 16x16 

block are called a macro block. The representation of a 

macro block in a CIF frame is depicted in the fig 1.  

International Journal of Pure and Applied Mathematics
Volume 115 No. 6 2017, 475-482
ISSN: 1311-8080 (printed version); ISSN: 1314-3395 (on-line version)
url: http://www.ijpam.eu
Special Issue ijpam.eu

475



        In other words Macro block is a processing unit in 

image and video compression formats based on linear 

block transforms, such as the discrete cosine transform 

(DCT). A macro block typically consists of 16×16 

samples, and is further subdivided into transform blocks, 

and may be further subdivided into prediction blocks. 

Formats which are based on macro blocks include JPEG, 

where they are called MCU blocks, H.261, MPEG-1 Part 

2, H.262/MPEG-2 Part 2, H.263, MPEG-4 Part 2, and 

H.264/MPEG-4 AVC. In H.265/HEVC, the macro block 

as a basic processing unit has been replaced by the 

coding tree unit.  

  

Figure 1. Representation of a Macro 

block within a CIF frame 

C) Adaptive Rood Pattern Search (ARPS): Adaptive 

rood pattern search (ARPS) algorithm makes use of the 

fact that the general motion in a frame is usually 

coherent, i.e. if the macro blocks around the current 

macro block moved in a particular direction then there is 

a high probability that the current macro block will also 

have a similar motion vector. This algorithm uses the 

motion vector of the macro block to its immediate left to 

predict its own motion vector.  

Adaptive rood pattern search runs as follows:  

1. Start with search location at the Centre (origin).   

2. Find the predicted motion vector for the block.   

3. Set step size S = max (|X|, |Y|), where (X, Y) is the 

coordinate of predicted motion vector.   

4. Search for rood pattern distributed points around the 

origin at step size S.   

5. Set the point with least weight as origin.   

6. Search using small diamond search pattern (SDSP) 

around the new origin.   

7. Repeat SDSP search until least weighted point is at 

the Centre of SDSP.   

      Rood pattern search directly puts the search in an 

area where there is a high probability of finding a good 

matching block. The main advantage of ARPS over DS 

is if the predicted motion vector is (0, 0), it does not 

waste computational time in doing LDSP, but it directly 

starts using SDSP. Furthermore, if the predicted motion 

vector is far away from the Centre, then again ARPS 

saves on computations by directly jumping to that 

vicinity and using SDSP, whereas DS takes its time 

doing LDSP.  

D) Sum of absolute differences: In digital image 

processing, the sum of absolute differences (SAD) is a 

measure of the similarity between image blocks. It is 

calculated by taking the absolute difference between 

each pixel in the original block and the corresponding 

pixel in the block being used for comparison. These 

differences are summed to create a simple metric of 

block similarity, the L1 norm of the difference image or 

Manhattan distance between two image blocks.  

The sum of absolute differences may be used for a 

variety of purposes, such as object recognition, the 

generation of disparity maps for stereo images, and 

motion estimation for video compression.  

E) SAD in video compression: SAD is an extremely fast 

metric due to its simplicity; it is effectively the simplest 

possible metric that takes into account every pixel in a 

block. Therefore, it is very effective for a wide motion 

search of many different blocks. SAD is also easily 

parallelizable since it analyses each pixel separately, 

making it easily implementable with such instructions as 

ARM NEON or x86 SSE2. For example, SSE has 

packed sum of absolute differences instruction 

(PSADBW) specifically for this purpose. Once 

candidate blocks are found, the final refinement of the 

motion estimation process is often done with other 

slower but more accurate metrics, which better take into 

account human perception. These include the sum of 

absolute transformed differences (SATD), the sum of 

squared differences (SSD), and rate-distortion 

optimization.  

F) Implementation: The proposed architecture has two 

main blocks: (i) ARP module (for the large pattern) and 

(ii) URP module (for the small pattern). Block diagram 

of the proposed architecture for implementing ARPS 

algorithm in which both ARP and URP modules are 

included has been given in Fig - 2. In the algorithm, ARP 

procedure is applied first followed by URP procedure. 

Hence, the same module has been used for ARP as well 

as URP which is made of the following sub-blocks: 

namely, address generation block, memory unit, SAD 

block and rood length deciding block.  
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Figure 2. Algorithmic flowchart of ARPS  

3. ARP and URP module design  

The internal structures of the entire ARP and URP 

modules can be found the fig 3. The structures consists 

of seven blocks totally. The 7 blocks are as follows:  

A. Address generation block  

B. Current frame memory  

C. Reference frame memory  

D. SAD block  

E. Comparison block  

F. Motion vector computing block  

G. Rood length deciding block  

 

Figure 3. Internal structures of ARP 

and URP modules  

A. Address generation block 

     The address generation block is used to generate the 

addresses that refer to the pixel intensity values stored in 

the two block RAMs. The address generation block has 

three main sub-blocks: namely, base address generation 

block, reference address generation block and pattern 

address generation block.   

     The sum of the addresses obtained from the base 

address generation block and the reference address 

generation block is then combined with the output of the 

pattern address generation block to give the final 

addresses required to address the pixel intensity values 

stored in the block RAMs. We can see the data flow of 

address generation block from fig 4.  

  
Figure 4.  Data flow of address 

generation block  

  

The address generation block is split into three parts 

and they are as follows:   

  

1) Base address generation block   

2) Block pattern address generation module   

3) Reference address generation block   

  

Now let us discuss the operation of each of these blocks 

individually.  

1) Base address generation block:   

This block generates 19-bit address of the current macro 

block whose MV has to be computed. The most 

significant bit is used as the sign bit and the remaining 

18 bits address the (512 × 512) memory locations. The 

test video frames of CIF format (352 × 288 pixels) have 

been divided into (16 × 16) blocks which give rise to 396 
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blocks in 18 rows and 22 columns. Therefore, two 

counters of modulus 18 and 22 have been used for 

counting the rows and columns, respectively. The frame 

is processed in raster-scan order. Therefore, the terminal 

count of the column counter acts as the clock for the row 

counter.  

  

Figure 5. Design of base address generation block and 

Figure 6. Design of block pattern address generation 

module  

 2) Block pattern address generation module:  

     This block is used to generate the address of each 

pixel present in the current macro block of (16 × 16) 

pixels size. The design for this block is represented in 

fig-6 above.  

3) Reference address generation block:  

This block generates the addresses of the blocks 

which are to be searched in the reference frame as shown 

in Fig - 7. In both ARP and URP, we have used only five 

search points including the Centre. A decoder generates 

the five addresses corresponding to the search points 

from the counter output. The address generated is of 19 

bits; it is later combined with the base address to generate 

the addresses of the search blocks in the reference frame. 

The 19 bits address corresponding to SAD minimum 

point is getting registered by setting the ARP flag. 

During the ARP procedure, the ARP flag will be reset. 

This registered reference address acts as the Centre point 

for the URP and the ARP flag will remain set as long as 

the ARP/URP module is running for URP procedure. 

Moreover, the 4 bits gated output of the MV-check block 

is driven to ‘0001’ to make the arm length of the rood as 

1 pixel for the URP.  

  

  

Figure 7. Reference address generation 

block  

      As the pixels are addressed in the raster-scan order 

within the (512 × 512) memory, the address of the pixels 

in the horizontal direction varies linearly by 1; however, 

in the vertical direction by 512. The proposed 

architecture has been designed with a search range of ±8 

pixels and hence generates MVs of 4 bits each. The 

reference address generation block has to generate the 

addresses for the five search positions for all possible 16 

values of the MVs. This will increase the hardware 

complexity however. Therefore, the MV-check block 

has been used which reduces the complexity of the 

circuit by assigning a limited number of MVs with an 

acceptable range of variation to all the combinations of 

available MVs (i.e. 0000–1111). The refined local search 

using URP with an arm length of 1 pixel compensates 

this approximation as the assigned MV varies from 

actual MV by only 1 pixel.  

4) Memory unit:  

    As the rood length for ARP for macro blocks on left 

boundary of the video frame is fixed as two pixels, the 

search area will be extended to left by two pixels from 

the left boundary. Moreover, the search range for all 

other macro blocks are fixed as ±8 pixels in both 

horizontal and vertical directions. Therefore, for the 

video sequences involving CIF frames each of resolution 

(352 × 288), an extended frame size of (362 × 298) has 

to be considered. Hence the original CIF video frames 

are converted into square frames each of resolution (512 

× 512) by zero padding, which will ease the addressing 

of pixel values present in the frames. The current and the 

reference frames are stored in two dual port random 

access memories (RAMs), each of capacity 256 K. The 

read/write operations of the memory have been shown in 

Fig – 4.6.   
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    While the pixel values corresponding to the macro 

block on the top-left corner of the video frame are 

fetched to the SAD calculation block, they are also 

getting stored in two (8 × 8) blocks of the two first in 

first out (FIFO) registers of size (48 × 8), in the same 

pattern, as shown in Fig - 4.6. Similarly, the pixel values 

corresponding to the next two macro blocks on the right 

side are also getting stored in the FIFO registers. While 

the third macro block in the current frame memory is 

being processed, the pixel values corresponding to the 

two upper (8 × 8) blocks of the first macro block are 

getting written into the corresponding locations of the 

reference frame memory from the FIFO register. When 

the fourth macro block values are fetched from the 

current frame memory, the two lower (8 × 8) blocks of 

the first macro block is getting stored in another FIFO 

register of size (352 × 8) and the pixel values of the first 

macro block of the next frame are written in the 

corresponding locations of the current frame memory as 

shown in Fig - 8. The pixel values stored in the FIFO 

register of size (352 × 8) will be written into the 

corresponding locations of the reference frame memory 

after completing the processing of the next row of macro 

blocks in the current frame memory, as these locations 

are within the search range of ±8 pixels in the reference 

frame memory. Hence these FIFO registers help 

avoiding the latency for reloading the next frame into the 

current frame memory.  

  

  
Figure 8 . Memory Read/Write 

operation using registers  

  

5) SAD block:  

The SAD block as shown in Fig - 9 takes the pixel 

intensity values of the current macro block along with 

the reference macro block, and computes the difference 

of the pixel intensity values which are added to the 

previous pixel difference value until the difference of all 

the pixel intensity values for a macro block is finished. 

This sum is stored in an SAD register whose value is then 

given to the comparison block.  

  
   

Figure 9 . SAD block and Figure 10. Comparison 

block  

6) Comparison block:  

       The comparison block finds the minimum SAD 

value by comparing it with the previous stored values 

among all search points and stores the minimum SAD 

value as shown in Fig – 10 above. The register value is 

pre-set with the maximum SAD value possible at the 

beginning of comparison. The address of the reference 

block corresponding to the minimum SAD value has 

been registered and given to the MV computing unit.  

7) MV computing unit:  

The borrow output from the subtractor of the 

comparison block is used to store the address of the 

reference block having the MME with respect to the 

current macro block. Finally, the MV is obtained by 

using the reference address obtained.  

      The two tables below give the details about 

references addresses for ARP & URP modules and the 

output of MV-check clock for different MVs.  

Table 1. Reference addresses for ARP and URP 

modules for the top-left macro block 

  

  

Table 2. Output of MV-check block for different MVs  

MVs   Output of MV-check 

block  

0000, 0001, 0010  0001  

0011, 0100, 0101  0100  

0110, 0111, 1000  0111  

1001, 1010, 1011  1010  

1100, 1101, 1110, 

1111  
1101  
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4. HDL code optimization 

 The Verilog HDL code used for designing the system 

can also be optimized by various techniques to obtain 

lower power consumption. Few of the HDL coding 

techniques are:   

  

A) Avoiding unnecessary data transitions.  

B) Logic optimization techniques.  

  

A) Avoiding unnecessary data transitions:  

It has been observed in a number of designs that certain 

signals transit when they are not required to, but they are 

not detected during functional verification, as they 

satisfy the logical and functional requirements. Such 

signals, if handled properly and if the logic is tweaked 

to suppress these unwanted transitions, can also reduce 

power dissipation. This could be understood by the 

following example in table-3. 

B) Logic optimization techniques:  

This technique is further classified into three categories 

and they are:   

1. Resource sharing   

2. State machine encoding technique   

3. Design Constraints  

 

Table 3: Example for avoiding unnecessary data 

transitions power dissipation.  

  

1) Resource sharing:  

The RTL coding should be carried out in a manner that 

there are no unwanted or redundant logic elements. 

Every logic element contributes to power consumption 

as it has a capacitance attached to it and transitioning of 

data through that logic will lead to power dissipation.  

2) State machine encoding  

One-hot and Gray encoding consume lesser 

power as compared to binary encoding. This is because 

one-hot and gray encodings have only a single bit change 

while going from one state to another.  

3) Design constraints 

Design constraints help in the removal of 

redundant logic and hence contribute to reduction in 

power consumption. Using this directive, Xilinx XST 

was able to optimize up to 4-5 slices. The results vary 

depending on design and tools, but the results are 

generally optimistic from the power consumption point 

of view.  

5. Conclusion 

The ARP and URP modules structures for the 

implementation of ARPS algorithm have been designed 

and the output bits and comparison charts have been 

represented in form tables. The system has been 

implemented using Verilog HDL code in Xilinx-ISE. 

From the results we have obtained are able to understand 

that the power consumption and has been reduced and at 

the same time giving better and faster performance of the 

ARPS block.  
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