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Abstract 
 

The design of Green Computing based devices for biomedical applications 

focuses on reducing power consumption. The energy reduction is done by 

replacing existing devices with the proposed device. Leakage-Reduction 

Design for Low-Power modern high-performance microprocessor 

Computing plays an important role for sustainability and green movement. 

The recent technology advancement has made green computing easier for 

multimedia applications. Several hardware implementations of algorithms 

are made possible for a safe environment. The CMOS devices are being 

mostly used in image processing applications. Below 45nm this technology 

suffers from various problems called second order effects. The Discrete 

wavelet transform is an efficient method for two dimensional analyses. But 

the design occupies more multipliers and adders which increases the critical 

delay. The convolution based methods use filters which are difficult to 

achieve sharp cutoff. In this paper, a novel method is presented 

 
Journal of Green Engineering, Vol. 11_2, 1348-1366. 

© 2021 Alpha Publishers. All rights reserved. 

mailto:gsravindrakumar7@gmail.com


 

 

 

 
 

 

 

 
1349  Maram Anantha Guptha et al 

 

for the lifting based 2D Discrete Wavelet Transform implemented using 

FinFET. A new method for discrete wavelet transform analysis is proposed 

using FinFET which is designed without multipliers outperforms CMOS. 

The implementation was carried out in Synopsis using Predictive technology 

models. 

 

Keywords: Green computing, Leakage reduction, low power, FinFET, 

Lifting based, Multiplier Less, Discrete wavelet transform, CMOS. 

 

1 Introduction  
 

        In recent years green computing plays an important role to achieve low 

power , energy efficient and sustainable devices. The green IT technology 

based biomedical application devices needs low power and energy efficient 

circuits. Especially in image processing applications energy efficient 

hardware are required to perform the computation process. The different 

computation performed in image processing is acquisition, processing and 

decision making. Throughout the process electrical energy is consumed. So 

designing the system with low power will save electrical power.  The two 

dimensional Discrete Wavelet Transform (2D- DWT ) in used in the 

preprocessing and feature detection stages of a biomedical system. These 

architectures are implemented in hardware using Complementary metal 

oxide semiconductors (CMOS). When DWT designed in CMOS technology 

(lesser than 65nm) for medical should satisfy minimum consumption of 

power and area requirement. The CMOS technology where used for several 

decades but as the trend is towards portable devices, the CMOS devices fails 

to meet the low power standards. To solve the need for energy efficient 

device a new technique has been used known as FinFET Technology. The 

FinFET Technology has to be enriched because CMOS technology with 

32nm has failed to minimize sub threshold currents and it suffers at sub 

threshold 25nm design .The electrostatic parameter governing threshold 

voltage are need to be minimized in order to drive voltage where sub 

threshold currents are not increased. To avoid those failures FinFET 

technology are implemented to improve the energy efficiency of devices. The 

FinFET devices avoid leakage of current. The circuit can be designed for 

lower functions with minimum power. In designing 2D DWT in sub-32nm, 

leakage of current has been minimized by using FinFET technology. The 

Architecture has been designed with lifting 2D-Discrete wavelet transforms 

(DWTs) using FinFET in 14nm technology. The lifting Architecture had 

produced efficient results than other architectures that uses convolution 

approach. The prediction and updating steps of the lifting  DWT architecture 

is  carried out eliminating multiplier circuit. The Architecture uses 

adder/subractor and shifter so that multiplier with critical delay can be 

removed. 
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2 Literature Survey 
 

The CMOS is widely used in integrated circuit but it is not preferable for 

scaling higher than 45nm. The major shortcomings in CMOS are its 

increased power consumption and leakage current. The discrete wavelet 

transform need to be modified for low power and reduced leakage current. 

For this a novel FinFET architecture is designed that include power gating 

and reversible logic phenomenon and found a reduction on power by 30%. 

Since the second-orders effects are eliminated in FinFET the power, leakage 

current and are greatly reduced in this architecture [1]. An area efficient 2-D 

DWT is designed for data-access process. The designed architecture 

consumes only a small area and possess on a small chip with 4N+8P memory 

words, where P represents samples, and N represents image width. This 

method can be also used with various block sizes [2]. Reduced memory 

architecture for multilevel 2-D DWT is designed on the basis of Daubechies 

(Daub) and bi-orthogonal filters. They include line buffers. The ADP and 

EPI are greatly reduced due its smaller size and reduced clock period [3]. 

The processing units in lifting algorithms are employed to use at most level 

of inherent parallelism in novel parallel lifting based 2-D DWT for memory 

reduction and lower critical path. This design gives good area delay product 

compared to other conventional methods [4]. The design of 1-D DWT based 

on pipelined method reduces the number of clock cycles and it is done by 

improving intra stage parallelism and inter stage parallelism. This results in 

reduced delay and minimizes the number of clock cycle period [5]. A method 

for providing increased operating frequency, reduced clock cycle, optimum 

hardware usage is done. Fast pipelined VLSI scheme is introduced for 

dealing with 2-D DWT. The required speed is achieved by increasing the 

inter and intra  stage parallelism in pipelined structure[6]. Here the 1-D DWT 

pipelined design is accomplished with 9/7 and 5/3 filters which can reduce 

the bit shifts and thereby reduce the number of adders. ADP is lowered by 

70% compared to conventional distributed arithmetic structures [7].   

The construction of increased speed and optimum area 2-D DWT 

architecture is designed in such a way that the lifting scheme is modified and 

the number of pipeline stages is minimized. The use of registers are lowered 

to 18 excluding critical path [8]. A 2-D DWT is constructed with the help of 

two 1D DWT architectures that results in greater performance and optimum 

memory usage. Parallel scanning method is employed in JPEG2000 

applications. The size of internal buffer is minimized by parallel scanning 

method. This design is applied for processing in 1080p HDTV at 20 

frames/sec with five-level decomposition [9]. A decreased amount of leakage 

current and reduced delay of carry generation block is the major aspect of 

this architecture. The reduction is about 23% and 29% when analyzed with 

mirror structure, and 25% and 50% for other conventional methods [10]. A 
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1 bit full adder is implemented by FinFET device and it is compared with the 

other existing CMOS, CPL, TG and HCMOS. The FinFET devices consume 

less power and found to be effective than the other existing devices [11]. The 

VLSI architecture and CAS implementation for both DCT/DWTs are 

discussed here with an error free modeling. The review of several methods, 

algorithms and FPGA/VLSI architectural design are given by Madanayake et 

al [12]. A 1-D and 2-D DWT pipelined architectures are put forward for 

increasing the speed, reducing the cost, area and multiplier. The given 1-D 

architecture has a modified lifting scheme and it is extended to 2-D 

architecture by using  Z type block scanning method. This reduces the 

processing time and doubles the throughput [13]. A 2-D lifting based DWT is 

modeled in MIMO architecture and have many advantages such as fast 

operation, reduced time for computation and cost efficient [14]. A dominant 

algorithm for image and video compression is constructed using lifting based 

3-D DWT. This model can group the pictures without any restrictions and 

can be used for larger frames. It is effective for real time applications since it 

reduces the storage, power, latency and increases the throughput [15]. For the 

implementation of DWT, a bit-parallel and digit-serial precision optimization 

is done. This method increases the precision of multilevel DWT and reduces 

the power consumed. It is also found that block processing gives high speed 

and optimizes hardware resources with little overhead on power [16]. A 1-D 

DWT and 2-D DWT is designed with high speed and memory efficient 

transpose blocks that is independent of the image size. Also the scanning 

process is done in Z fashion for reducing the temporal buffer [17]. A dual 

memory architecture is designed that contains modified DWT processor for 

fulfilling the future requirements with its dedicated memory and thereby 

increasing the performance of the whole system. This design in implemented 

on Zedboard and it is found from the results that the designed system is 

consuming less power, giving high throughput and uses less memory [18]. 

For image coding an effective 2-D wavelet transform is designed in VLSI 

architecture for performing adaptive directional lifting algorithm [19]. The 

throughput of the overall design is increased by use of zigzag processing of 

two parallel architecture in image stream [20]. 

 

2.1 Summary of Literature Survey 
 

 The Existing methodology used CMOS technology on VLSI 

architectures for lifting based and convolution based one dimensional and 

two dimensional discrete wavelet transformations. The Existing methodology 

had executed its entire operations with adders, multiplier and delay elements. 

The lifting DWT with parallel stages are delay efficient.  The architectures 

used one floating point adder and fused multiplier. The convolution DWT 

and lifting based  DWT are compared and it found that lifting approach had 
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better results. The Higher and lower triangular matrices are used by replacing 

low pass filters and  

high pass filters such that complexity towards computing parameters can be 

minimized.. 

 

2.2 Limitation of Existing Methodology  
 

 

The use of multipliers in a methodology leads the critical path to a higher 

values. The Critical path and larger computations will increase the delay. The 

Existing DWT architectures executing speed are lower when using 

multipliers. Effects of short channel, Leakage of current, higher field effects, 

threshold voltage limitation, interconnect delays and lists of dopant 

fluctuation exist under 45nm fabrications. The Fabrications under 65 nm on 

CMOS devices suffer from effects which are are second order. Based on 

Voltage (VDD), Thickness  of gate oxide (tox), threshold voltages(Vth), 

Length of channel (L), optimization of  power has made. The Convolution 

approach on DWT leds to is bulknes and encloses with larger area. In 

existing methodology, author‟s reveled that a multiplier-less pipelined 

architectures for lifting approach on 2D-DWT performs computation faster. 

Designing a Multiplier in terms of shifter and adder logic (Multiplier Less) 

leads to minimum critical paths. 

 

3 DWT Architectures and Methodology 
 

 
 

Figure 1 Block Diagram of DWT with Multiplier 

 

Fig 1 shows the Block Diagram of DWT with Multiplier. The Discrete 

wavelet transform (DWT) was the one used commonly in trending 

applications. The DWT applications extend in fields like image processing,  
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coding a signal, weather forecasting and machine learning algorithm. The 

Discrete wavelet transform does the localisation in terms of frequency and 

time. It‟s computational efficient, ratio of compression are maximum, not 

blocks reminders, flexibility are maximum when compared with discrete 

cosine transformation. By its analyzing criteria‟s 2D bi-orthogonal DWT has 

been used in JPEG2000 for stilled image compression and MPEG-4. 

 

3.1 Lifting Scheme 
 

The Wavelets for VLSI applications are designed by spatial domain 

method. The Usage preferences of lifting schemes are more because of its 

minimum power consumption and maximum throughputs. The Procedure for 

creating lifting schemes namely: Splitting, prediction and updating. The 

Lifting procedures for Daubechies 9/7 filter has been derived with each 

lifting procedures that encloses one prediction and one updating procedure 

represented as P1, P2 and U1, U2. The use of Lifting scheme is to break the 

poly phase matrices of wavelet filters into sequence of high and low 

triangular matrices. It is then converted into multiplications of banded 

matrices. The Euclidean Algorithm usage is used to factor each finite wavelet 

transform into lifting scheme. The Poly phase matrixes are factored by 

Euclidean algorithm on DWT filters into a multiplicative of alternative 

higher and lower triangular matrix and diagonal matrix. A unified definition 

of  polyphase matrix are fed by,  

Here, h(z) and g(z) = Transfer functions for low pass bank and high pass 

filter bank and e and o = Even elements and odd elements. 

The transform is given by,  

P(z) =                   
  ( )   ( )

  ( )   ( )
   

     (λ (z)ϒ(z)) = (xe(z)z−1xo(z))P(z) 

The l(z) and γ(z) denotes the low-pass and high-pass filter parts of input 

x(z). Lifting scheme factorizes the polyphase representation to a cascade of 

upper and lower triangular matrix. The chance of using pipelined processor is 

provided by the set of linear algebraic equations in time domain. 

Advantages of lifting scheme is that it can be used as  

• In-placed computation,  

• Integer-to-integer wavelet transform 

• Symmetrical forward transform 

• Inverse transform . 

The related algebraic equations are 

si= K × s2i 

Here 

• α = −1.586134342. 

• β = −0.05298011854.  
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• γ = 0.8829110762. 

• δ = 0.4435068522. 

• K = 1.149604398. 

• 0 ≤ i ≤ L – 1. 

• L is the data length. 

The lifting steps have critical path delay given by (4)–(11) is 4Tm + 8Ta, 

when implemented without pipelining. 

Tm = Multiplier delay.  

Ta = Adder delay. 

 

 
 

Figure 2 2D DWT Architecture 
 

Fig 2 shows the general block diagram of 2D DWT architecture. 

Minimizing critical path by pipelining leads to a faster computations. In 

Digital signal   processing (DSP) algorithms has its major necessity towards 

multipliers with higher speed. The frame capturing rate of The Advance 

sensor capturing frame rates are higher and efficient. The Processing timing 

of heavier frame leads to huge frame buffers at inputs of DSP chips with non 

permanent storage on future frames from imaging sensors. The Serial 

multiplier has major advantages such as minimum area requirement and 

minimum consumption of power but it has disadvantages over delay of 

maximum. In array multiplication has higher computation speed because of 

adding its partial products at time. The Carry Select Adder based radix 

multipliers encloses minimum area overhead, but it encloses a larger active 

transistors on multiplication because of that power consumptions are higher 

state. The Shift and add multiplier built with well performing pipeline 

structures by that it encloses lesser area so that it minimizes critical path 

which leads to higher computations when compared other type of adders. 

The Architecture (Figure 2) contains two processors for processing one 

dimensional DWT. The Row processor (RP) and Column processor (CP) 

respectively evaluates and analysis performance for one dimensional DWT 

based on row and column where it additionally it encloses a transposing unit 

(TU). While processing one dimensional DWT it obtains intermediate 

coefficients in order to save those coefficients it uses temporal memory. A 

Dual line scanning method has been introduced where it lowers latency and it 

alters transposing buffer size to an independent based on size of images. It  
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consists of TU with minimized power with 5 registers when compared with 

conventional method on line-based architectures which encloses 1.5N 

memory. In Column Processor contains one scaling unit used for scaling 

coefficients such as 1/K2 and K2 each is incorporated in CP. By using these 

techniques on two dimensional DWT architecture minimizes the area 

requirement, lower power consumptions and with lesser latency. In Two 

Dimensional DWT architecture uses multipliers with pipeline design with 

shift and adds logics. The Pipeline design with shift and add logics 

minimizes the critical path but has a slight increment towards area 

requirement and latency. Multiplication with constant 9/7 lifting coefficients 

are designed and constructed. a–d and coefficients of scaling has been 

described. 

By employing this method critical path can be reduced but the latency 

and area will be maximized. 9/7 lifting coefficients are implemented with 

multiplication. The implementation of a-d are done. 

Here, 

• |α| = 1 + 1/21 + 1/24 + 1/25 = 1.59375. 

• |β| = 1/24 = 0.0625. 

• |γ| = 1/21 + 1/22 + 1/23 + 1/27 = 0.8828125.  

• |δ| = 1/22 + 1/23 + 1/24 + 1/27 = 0.4453125. 

• |K2| = 1 + 1/22 + 1/24 + 1/27 = 1.3203125. 

• |1/K2| = 1/21 + 1/22 + 1/27 = 0.7578125. 

 As an example, the equation performs signal multiplication with |α|. 

′S >>n′ means right shift by n bits  

|a| × S = S + S >> 1 + S >> 4 + S >> 5. 

 

3.2  Z-Scanning Method 
 
Input data scanning method on row processor affects the size of 

transpose memory and latency directly. Direct, Line based and block based 

scanning methods has been introduced on two dimensional DWT 

architectures are lot. In Direct scanning Method, 2D-DWT is constructed in  

straight forward manner. In 1-D DWT row based performance are carried 

first and then it stores the intermediate coefficients in frame memory with N2 

size of an image with N × N dimension sizes and column based One 

Dimension DWT are carried at second state. In this method, computing an 

one level two dimension DWT requires totally 2N2 off chips frame memory 

read/write cycles. So that consumption of power is higher. The Intermediate 

coefficients on Line based methods are stored with help of internal line 

buffers. The line buffers size dependents upon on frame size of an input 

frame. In block based method, input images are divided into individual 

blocks and given to drive parallel architectures. The block based method 

does not fits to trending applications because of its addressing and reminder 

complexion on boundaries block. The Input frames scanning pattern 
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are governed by clock.  At first clock cycle, two pixels from input frames on 

first row are read and at second clock cycle next two pixels from second row 

are read.  

 

 
 

Figure 3 Z Scanning Method 

 

 
                   
                     Figure 4 Data Flow At Input of Row Processor 
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The Processing continues until all rows gets completion. By this manner, 

Row Processor makes transformation on adjacent rows continues and then 

enclosed boundary of one dimensional column process are treated. The 

Introduced method uses N2/2 clock cycles to read a single frame with size of 

N × N. The Z-scanning method allocates TU to transpose 2 rows coefficients 

processed with one dimensional by using 2 clocks on two successive rows in 

two clocks. The TU in Z-scanning method reduces the requirements of 

transpose memory.Fig 3 shows the Z-scanning method. The Z-scanning 

pattern are carried by using D1, D2, D3 and D4 registers that initialises with 

required values on processing boundaries rows at frame boundary. But at 

boundary process registers are declared as zeros. Fig 4 explain  how input 

data flows in the row processor. 

 
4 Background Methodology 
 

4.1 Finfet Technology 
  

The length of channel below 90nm leads to complexities CMOS 

Technology. The Complexity in terms of leakage of current at gate terminal, 

threshold leakage current and drain cause the lower barrier (DIBL) current on 

each of FinFETs. The Solutions for this failures on the CMOS technology 

can retained upcoming technology with materials with maximum mobility, 

stability and scalability. Hence short channel effects is differentiated by 

reduces The Effects scaling on deep submicron processes with short channel 

effects in memory are reduced but it has changeability on power supply, 

temperature and operating functions. Designing a device with maximum 

computation speed and larger memory plays significant tasks to replacing 

transistors amplifiers of CMOS with FinFET. The FinFET structures that 

eliminate leakage of power be an alternative efficient structure to handle 

scalingprocess.   

 

4.1.1 Finfet Basics 
 

In FET technology below 20nm, source and drain terminal drives the 

channel. The leakage current flow between terminals of transistors does not 

allows to turn off. To Overcome these Partial states device known as 

FinFETs 3d structures has substrate terminal and resembles a fin. The 'fins' 

process the source and drain terminals creates larger volume on same area 

when compared with planar transistor shown Figure. 5 (planar FET and 

FinFET). The Gate covers entire fin by that channel can be controlled with 

significant results where minute leakage of current occurs at device body at 

off state and obtains minimum threshold voltages. Fig 5 shows the Planar 

CMOSandFinFETstructure. 

 

 

 



 

 

 

 
 

 

 

An Improved Energy Efficient, Low Power Nanometer Architecture for Biomedical 

Image Processing Application Using FinFET Devices 1358 

 

 
Figure 5 Planar CMOS and FinFET 

 

4.2 FinFET based DWT -Lifting Scheme 
 

 The Adopting lifting scheme approach was because of its 

minimum complexity. In lifting scheme approach follows three set  of 

procedures, at first state  splitting  the data into two sets  and then in 

second state prediction was made and at third state (update phase) 

updating even samples with evaluated odd samples.  The Three state 

procedure set are repeated on even samples and transformation was 

made at every time on half of even samples, until transformation 

completion over entire samples of data. 

 

 
 

Figure 6 Architecture of Lifting Scheme 

 

 



 

 

 

 
 

 

 

 

1359 Maram Anantha Guptha et al 

 

Figure.6. shows the architecture of the lifting scheme. The coefficients of 

lifting scheme are varied by enclosing two states (2 prediction states and 2 

updating states). At Every clock cycle, controller selects efficient lifting 

coefficients. For one half states operation even clock cycle and at another 

half state operation of odd clock cycle. For instances in image processing 

applications: The Input pixels will be row based as one pixel per clock cycle 

and then divides into even and odd. Then it has to be manipulated by lifting 

coefficients of „a‟, „b‟, „c‟ and „d‟. Where, the low pass coefficients and high 

pass coefficients are let for each pair of pixel values and then low pass 

coefficients and high pass coefficients are fed as output. The Implementation 

was made on CMOS technology. In this work, FinFET contribution 

operations were made for applications. 

 

4.3 Multiplier less Lifting Scheme 

 
The Lifting steps for 9/7 filter, Predict1, Update1, Predict2, Update2 

modules shown in figure 1 are implemented with multiplier less architecture 

as shown in figure 7 and 8. 

 

 
                                      Figure 7 Architecture of Predict 1 and update 1stage without multiplier. 
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           Figure 8 Architecture of Predict 1 and update 1stage without Multiplier 

 

From Fig. 7 and 8 it is clear that only with adder the computation can be 

done along with limited critical path of one adder delay. For further 

increasing the speed of operation predict and update modules can be 

pipelined. The row processing and column processing are done by predict 

and update modules of the lifting stage. The proposed FinFET based 

architecture will be designed using adders/subtractors and shifters.  The 

proposed scheme implements the FinFET based lifting type DWT 

architecture. Comparsions are done between the incumbent CMOS 

technology and the proposed FinFET. The proposed methodology will be 

based on multiplier less system using only adders, subtractors and shift 

registers. The outcome gives a 14nm FinFET architecture with reduced 

power consumption and efficient DWT architecture. 

 

5 Result and Discussion 
 

The circuits of the integrated architecture were implemented on Synopsis 

HSPICE. The Table 1 gives the summarized results. Table 1 shows the 

comparison of MOSFET an FinFET design. 

Fig 9 shows the comparison chart for average energy of MOSFET and 

proposed FinFET Design. Fig 10 shows the comparison chart for average 

power of MOSFET and proposed FinFET Design. Fig 11 shows comparison 

chart for average current of MOSFET and proposed FinFET Design. From 

these figure it is observed that FinFET design provides better result than 

MOSFET. 
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Table 1 Comparison Table 

 

Stage Average Energy Average Power  Average Current 

 
MOSFE

T 
FinFET 

MOSFE

T 
FinFET 

MOSFE

T 
FinFET 

Predict 1 -27.229p -3.802p -4.134m -559.116u -4.134m 

-

559.116

u 

Update 1 -20.188p -755.89f 

-

3.5068

m 

-104.184u 

-

3.5068

m 

-

104.184

u 

Predict 2 -32.086p -3.023p 

-

5.1841

m 

-423.594u 

-

5.1841

m 

-

423.594

u 

Update2 -32.086p -3.023p 

-

5.1841

m 

-423.594u 

-

5.1841

m 

-

423.594

u 

 

 
                   

Figure 9 Comparison chart for average energy of MOSFET and proposed FinFET 

Design 

 

 
 

Figure 10 comparison chart for average power of MOSFET and proposed FinFET 

Design 
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Figure 11 comparison chart for average current of MOSFET and proposed FinFET 

Design 

 

6 Conclusion 
 

 In recent years technology advancement has made green computing 

easier for multimedia applications. Several hardware implementations of 

algorithms are made possible with low power and energy efficient . The 

CMOS devices are being mostly used in image processing applications. 

Below 45nm this technology suffers from various problems called second 

order effects. The Discrete wavelet transform is an efficient method for two 

dimensional analyses. But the design occupies more multipliers and adders 

which increases the critical delay. The convolution based methods use filters 

which are difficult to achieve sharp cutoff. In this paper a novel method is 

presented for the lifting based 2D Discrete Wavelet Transform implemented 

using FinFET. A novel scheme for DWT analysis is proposed which is 

designed without multipliers using FinFET devices. From the analysis it is 

been observed that the FinFET based design outperforms CMOS. 
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