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Abstract 
 
A critical path delay (CPD) analysis of multilevel DWPT computation is 

required to select the approximation scheme for specific biomedical 

image applications. In this paper a CPD study on 4-level DWPT is made 

to find the most approximated arithmetic scheme to derive CPD efficient 

hardware circuit design. The CP of DWPT structures is estimated 

theoretically to find the advantages of proposed design over existing 

arithmetic approximation design and synthesis report shows 2-4 % gain in 

CPD. 

 
Keywords: Critical Path Delay, Minimum Clock Period, Shift Add 

Register unit, Discrete Wavelet Packet Transform, Tree Adder. 

 

1 Introduction 

 
Additions and multiplications are extensively used operations in 

arithmetic blocks. In additions full adder cells had been widely examined 

for inexact computation.  However, less attention had been paid to the 

design of inexact multipliers. Multiplications are considered to be  
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repetitive addition of partial products; yet, the direct application of 

imprecise adders whenever implementing inexact multipliers is never 

possible, since the exactness, complexity of hardware and other 

performance metrics may be quite in effective.  

Many of the schemes had used truncated approaches (approximations) 

for multiplication, in which they take the LSB columns of partial 

products, 

asconstant.For neural network applications approximate array multipliers 

are considered by removing few LSB‘sin the partial products (thereby eli

minating any adders in the array). Multiplication is often needed in signal 

processing. Parallel multipliers usually need a significant amount of area 

and in some cases truncation is used to decrease the area which causes 

error in the product.  

Methods to add a constant to the truncated product have recently been 

presented to decrease the predictable error. Nonetheless, these schemes 

will not take the actual data into account and therefore multipliers output 

would have major errors for some input data patterns. It is suggested to 

provide a truncated multiplier by a correction factor. This scheme 

evaluates the addition of the most significant n + k columns of the partial 

products for multipliers &removes the remaining n-k columns. This result 

for the n + k bits was further rounded to ‗n‘ bits. In further step, the 

reduction errors (errors which is produced when removing ‗n-k‘ LSB) & 

the rounding errors (error which is produced when rounded the result to 

‗n‘ bits) were established. The correction factors (‗n + k’ bits)was chosen 

very closer to the approximate values of the total of such errors for 

minimizing the distance between the errors. A truncation with constant 

corrections has higher errors when the partial products are all zeros or all 

ones in the least significant columns of n-k. 

       A variable correction truncated multiplier changes the correction factor 

which depends on column n-k-1.The correction factor will be incremented 

when all the partial products in column n-k-1 were ‗1‘. In the same way, 

the correction factor will be decremented when all the partial products in 

the column were ‗0‘. Estimated computation was inspired by the huge and 

increasing class of applications showing inherent resilience to error, such 

as multimedia (images/audio/video), DSP, wireless communications, 

graphics and evolving workloads like synthesis, recognition and mining. 

Usually these  

applications process huge, unwanted data sets with significant noise, using 

probabilistic computations or statistical. Numerical accuracy on the outputs 

is relaxed due to various factors: (i) the limited ability of humans perceive 

(e.g., video, audio, graphics), (ii) a excellent result is very hard to define or 

does not exist (e.g. data analytics, web search,), or (iii) consumers were 

ready to receive less than exact results. 

The paper is organized as follows, section 2 shows the relate work, 

section 3 gives the estimation of CPD for 4 level DWPT, section for gives 

synthesis results and 5
 
gives conclusion. 
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2 Related works 
 

 P.K.Meher, B.K. Mohanty and M. N. S. Swamy [1] an enhanced 

adders based formulation with lesser power& area execution of 1D DWT 

by means of 9/7 and 5/3 filters were proposed. The count shifters and 

adders were reduced in order to decrease the bit-widths of midway results. 

Distinct adder-based models for 5/3 and 9/7 filters and reconfigurable 

models for both filters were evaluated. The presented model for 9/7 filters 

needs 11 hardwired-shifters and 19 adders and calculates two DWT 

elements in each and every clock cycle. The design provides less than half 

the ADP & 47% lesser EPO with that of existing multiplier-based models 

Anand Darji, Shubham Agrawal, Ankit Oza, Vipul Sinha and Aditya 

Verma [2]presented a  unique algorithms which was depending on 

flipping scheme implements hardware-efficiency circuits by simplest 

CPD of ‗Tm‘& attains 100% HUF. This design could be folded for 

decreasing CPD to eight adders & six multipliers without disturbing the 

CPD. The structure also provides lesser memory requirements 

 Milad Ghantous and Magdy Bayoumi [3] an area effective pipelined 

& parallel systems was presented using improved image scanning which 

is combined by ―multiplier-less‖ multiplication operations. 

Implementations of the presented method indicate it is efficient in terms 

of power, speed and area. 

 Anirban Chakraborty & Ayan Banerjee [4] 9/7 & 5/3 DWT filters 

were executed by input selection mode. Introduced DA through 

parallelism and pipelining into presented convolution based 1D and 2D 

DWT circuits. The area is decreased by 38.3%, memory by 90% and 

critical-path by 50% when compared with recent architectures. The 

quality of the systems for real time picture decomposition was computed 

with PSNR & computational time. 

 Wu, et al.[5] a multi-level 2-D DWT design lacking with off-chip 

RAM was proposed. For single-chip architectures, line-based designs 

which depend on improved lifting methods are presented. When 

substituting multipliers by CSD multipliers, CPD around one FA interval 

was attained. Calculations reveal that for a picture of 512 × 512 size with 

3level DWT includes 14.1% lesser transistor-delay-product with that of 

current designs 

Tharangini,et al.[6] a memory effective which is depending on 

scanning scheme aimed at 2- D DWT was presented to attain efficient 

memory & to decrease critical path delay. This memory is attained using 

stripe based scanning approach which provides compromise between 

internal buffer size  

and external memory bandwidths. This presented design needs very less 

memory when compared with current architectures. Synthesis results with 

Modelsim reveals that it attains good ADP than that of current circuits. 

 Ashok.P et al.[7] for efficiency memory handling, a higher 

throughput which is scalable system for 2D DWT was proposed. Different  
 



 

 

 

 

 

 

current DWT systems were examined and analyzed that the data scanning 

approach had a substantial effect on memory effectiveness of DWT 

system. This system needs no frame memory & three level DWT 

breakdown is implemented with N*N pixels size image. Removal of 

temporal memory and frame memory leads to substantial degradation in 

the size. Therefore, this system has a steady model and emphasizes 

hardware utilization. Synthesis results reveal that the presented structure 

attains good ADP of 60% & larger throughput of 97% when compared 

with that of current designs. 

Park, et al.[8] an efficient DA depended methods with higher 

throughput reconfigurable implementations aimed at FIR filters whose 

filter coefficients vary through runtimes. Shared-LUT designs were 

presented for evaluating DA computations. Registers were shared with 

DA elements for bit slices of various weightage as a substitute with a 

distinct register for storing the outcomes of partial internal products for 

the DA implementations with various bit positions. A distributed RAM 

based circuits were presented for FPGA implementations of 

reconfigurable FIR filters, that supports input sampling frequency around 

91 MHz and provides 54% and 29% lesser slices than that of systolic 

methods and CSA based approaches respectively. 

 

2.1 Research Highlights 
 

Designed a Shift Add Register Unit (SARU) by using canonical sign 

digit representation and approximated them [9]. The theoretical and 

synthesis results show that the proposed method gives lesser Critical Path 

Delay (CPD) when compared with the existing design.  

 

3 Critical Path Delay Estimation For 4- Level DWPT 
 

The Critical Path (CP) of DWPT structures is analyzed & estimated 

theoretically to find the advantages of proposed design over existing 

arithmetic approximation structures. Based on data-path analysis the most 

approximate computation scheme is advised to design massively parallel 

DWPT architecture for efficient implementation of biomedical image. 

Figure1[10]shows the longest path by thin blue line, from input to output 

of level1 DWPT it cosists of seven  shift operations along with four 

fulladder operations gives the longest path (or CP) for level1 DWPT. 

The CPD of 4 level DWPT is given below 

         Tcpd = na.Ta + no.To + ni.Ti + ns .Ts                 (1) 

  Equation (1) gives the estimated value of CPD, na , no , ni  and ns 

represents the AND ,OR, INVERTER gates and SHIFT (D-Flip Flop 

delay) [11]counts respectively. 
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Figure 1 CPD for level1 DWPT 

 
Table1 CPD analysis for 4 level DWPT 

 

Level Design Complexity 
TCPD 

(ns) 

 

L-1 

Proposed 4Ta+7Ts 30.61 

Existing 4Ta+8Ts 30.82 

 

L-2 

Proposed 8Ta+14Ts 61.22 

Existing 8Ta+16Ts 61.64 

 

L-3 

Proposed 12Ta+21Ts 91.83 

Existing 12Ta+24Ts 92.47 

 

L-4 

Proposed 16Ta+28Ts 122.44 

Existing 16Ta+32Ts 123.29 

 

Legends: Ta=Adder Delay, Ts=shifter Delay 
Table 1 shows the critical path delay for 4 levels DWPT. Here 

complexity is less over existing design that indicates the efficient 

arithmetic computation for 4level DWPT. In level1 CPD for existing 

design is 4Ta+8Ts and 4Ta+7Ts for proposed design, in level2 it is 

8Ta+16Tsfor existing and  8Ta+14Ts for proposed designs, in level 3 it is 

12Ta+24Ts for existing and 12Ta+21Ts for proposed designs ,whereas in 

level 4 CPD for existing design is16Ta+32Ts and 16Ta+28Ts for 

proposed design. The proposed method gives lesser CPD as compared 

with the current methods, 
 

 



 

 

 

 

 

 

 

as the levels are increasing. The table 2 shows the total critical path delay 

for four levels DWPT, it is 306.1ns and 308.22ns for proposed and 

existing methods respectively. The total delay is the sum of all individual 

levels. 

 
                                 Table 2 Total CPD for 4 level DWPT 

 

Method 

Total delay =TL1+ TL2+ TL3+ 

TL4 

 

Existing 308.22ns 

Proposed 306.1ns 

 

 Legends: TL1=delay in level1, TL2=delay in level-2,TL3=delay in level-

3,TL4=delay in level-4. 

 
4 Synthesis Results 

 

The current and the proposed structures for block size of 2, 4 & 16 are 

executed in VHDL. These structures are also synthesized with Synopsys 

DC by SAED 90nm CMOS libraries [12].Shown in table 3 the maximum 

data path delay is which nothing but the minimum clock period given by 

Design Complier, which specifies that there is delay gain around 2-4% in 

proposed designs. 
                                     Table 3 Synthesis results of CPD for 4-level DWPT 

 

Approximation 

Circuit 

Designs 

Block 

Size 

(N) 

CPD 

(ns) 

Delay 

Gain 

(%) 

Mohanty and 

Tiwari [11] 

2 16.53  

4 14.75 - 

16 13.70 - 

    

Proposed 2 15.80 4.62 

4 14.20 3.87 

16 13.45 1.82 

 

Legends:  Minimum clock period = Maximum data path delay = CPD 
 

5  Conclusion 
 

Design method for minimizing arithmetic operations which involves 

the computation of DWPT is presented. Approximate circuits to realize 

shift add register (SAR) functions are also presented by SAR 

approximations. A CPD efficient SAR approximation circuit is given for 

4-level DWPT, which achieves a gain from 2 to 4% or 0.7% reduction 

over the implementation of existing methods. 
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