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Abstract 

This paper proposes an Area and Power efficient Filter architecture which can 

perform low pass, high pass and band stop filtering operation on ECG signal using 

single FIR filter. These noise components and interference must be removed from the 

ECG signal prior to the processing. Health care sensor node for monitoring the ECG of 

a patient should have a filter to remove this unwanted frequency components in the ECG 

signal. The Health care sensor nodes used in Wireless Body Area Network (WBAN) 

should be smaller in size and should consume less power, as it is battery operated. A 

novel FIR filter architecture is proposed in this paper which can meet the above 

mentioned requirement. In the proposed filter architecture, both area and power 

consumption are reduced using two ways. In the first way, conventional multipliers in the 

direct form symmetry FIR filter are replaced with Vertical Horizontal Binary Common 

Sub expression Elimination (VHBCSE) algorithm based constant multiplier. In the 

second way, Single VHBCSE based FIR is used to perform three filtering operations 

such as low pass Band stop and high pass filtering operation with proposed control 

logic. 
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1. Introduction 

Wireless Body Area Network (WBAN) is a special purpose wireless Sensor Network 

(WSN) developed mainly for health monitoring of human to look after the personal 

health. It is a collection of WSN nodes placed in a human body which transmits the 

information to the remote station. The sensors used for WBAN are Goniometer, 

Gyroscope, Accelerometer, Megnatoresistive sensor, Pedometer, EMG Sensor, SpO2 

sensor, EEG Sensor, ECG Sensor, PPG sensor. However, the raw ECG signals from the 

sensor output are easily affected with noises and other interferences such as baseline 

drift, electrode contact noise, power line interference, motion artifacts, muscle noise and 

electrosurgical noise. To prevent these undesirable frequency components  present in the 

bio-signals, filter structures such as Low pass filter to remove the high frequency noise, 

High pass filter  to remove the low frequency noise, Notch filter to filter out the power-

line interference are used. Another important requirement of filter architecture design is 

in terms of low power consumption, area or physical size and cost. Lower power 

consumption leads to longer battery life.   

Many contributors have been reported to analyze the noise interference as well as 

different techniques used to design the digital filter. Ali Hassan Sodhro [1], a 

transmission power control-based energy-efficient (ETPC) algorithm is proposed and 

notch filter, high-pass filter, low-pass filter used with cut-off frequencies of 60 Hz, 0.67 
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Hz, and 100 Hz respectively,  designed with bilinear transformation for rectifying the 

power-line noise while extracting the raw ECG signal. Shadnaz Asgari [2] proposed 

about the issues need to be strictly considered, and the issues are limited device size, 

power consumption and reasonable cost when designing any portable health monitoring 

device, including a battery-powered ECG device. The design leans on a optimally-

factored FIR filter method. However, ECG recordings are often impaired by residual 

power-line interference due to stray currents through the patient and the cables and also 

the differences in electrode impedances. When compared to the conventional filter 

designs, this minimizes the hardware complexity by an average of 42%. Mahesh 

Chavan[3] , the  designed filter is equiripple notch filter, though the filter order is high, it 

increases the computational complexity. This removes the power-line interference and 

also cost effective and flexible. A S Vale-Cardoso[4] the use of a notch filter for the 

rejection of power-line interference, when applied to rat and human  ECG recordings 

discussed, whereas rat ECG signals are distorted and deformed when a 50/60 Hz notch 

filter is applied to them, but human ECGs are not. Renuka [5] , low-pass filters with 

biomedical frequencies used for the rejection of noises from the raw ECG signals. This is 

well suited for the applications where the low power consumption is the only constraint 

needed. This depicts the human ECG signal at 60 beats, 80 beats, 120 beats, 180 beats  

per minute at 50Hz noise level. 

The aim of this work is to design an area efficient Low power consumption FIR filter 

for the wearable sensor (ECG monitoring) device. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Functional block diagram of wearable ECG sensor device 

Fig. 1 shows the functional block diagram of wearable ECG sensor device. In 

ECG monitoring system, the wearable ECG sensors measure the electrical signals 

which may contain different types of noises. To analysis this electrical signals for 

medical physician, it must be noise free. Hence different circuits (signal 

conditioning circuit, Analog to Digital converter and filer) have been used to 

improve the quality of the signal. In general, FIR filters are widely used due to their 
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linear phase, inherent stability and powerful design. To appropriately remove the 

noise from ECG signal high pass filter, notch filter and low pass filter are used.  

 

 

 

 

 

 

 

 

Figure 2. Filter architecture for filtering of ECG signal 

 

Fig. 2 shows the connection of these 3 FIR filters in cascade to remove unwanted 

interference and noise signal from the ECG signal. Filter coefficients for these three 

filters are derived using MATLAB for the specifications in Table1. Here we have 

concentrated only in the Architecture of FIR filter. For the derived co efficient, filters are 

implemented using several methods such as conventional method called direct form 

realization [6], vertical Horizontal Binary common sub Expression elimination 

[VHBCSE] based FIR filter and the proposed method called modified VHBCSE based 

FIR filter. Finally the performances in terms of area and power consumption of these 

filters are compared on FPGA (Virtex 5) and ASIC (TMSC 0.181vm) platform.  This 

paper is organized as follows section II discuss about the direct form realization of FIR 

filters. Section III discuss about the basic concepts of VHBCSE algorithm and the 

realization filters using VHBCSE technique. In section IV, proposed Architecture of 

modified VHBCSE based FIR filter for the removal of noise & interference in ECG 

signal in discussed. 

 

2. Direct form realization of FIR filter 

Direct form of FIR filter is mostly used for the realization [6]. The Direct form 

structure of FIR filter of order N is shown in Fig.3. 

Figure 3. Direct realization of FIR filter with order N 
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I(n) represents input sequence C(0), C(1), C(2), …….. C(N-1) are filter 

coefficients O(n) represents output sequence which is the result of convolution of 

I(n) with C(n). Number of multipliers in direct form FIR filter is further reduced by 

direct symmetric FIR filter as shown in figure 4. The FIR filter structure will be 

same for all filters such as high parts, notch filter and Low pass filter. Only the 

filter coefficients vary from one another. Filter co-efficient are derived using the 

filter specifications.  

 

 

Figure 4. Direct symmetric form realization of FIR filter of order 8. 

 

 

3. VHBCSE algorithm basic and FIR filter realization using VHBCSE 

technique 

 

Power dissipation and performance of FIR filter is mainly decided by the 

multipliers [7]. In multiplier section, variable input sequence is multiplied with 

many constants (filter co-efficients) and this operation is called as Multiple 

Constant Multiplication (MCM). Several algorithms were proposed to implement 

MCM for the efficient design of FIR filters [8]-[14]. Among these VHBCSE 

algorithm proposed in [7] replaces multiplier blocks using adders of reduced 

switching activity .In addition, the VHBCSE algorithm is also used to reduce the 

number of logic operations and logic depth which in turn reduces the core area. 

VHBCSE algorithm in our FIR filter realization uses two bit Binary Common sub-

expression elimination (BCSE) algorithm vertically followed by four bit and eight 

bit BCSE algorithm horizontally for reducing the number of operators and 

switching activity. The flow of data in the Constant Multiplier (CM) using 

VHBCSE algorithm is shown in figure 5. 
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Figure 5. Flow of data in constant multiplier architecture using 
VHBCSE algorithm  

 

(i) Block for sign Conversion 

The logic diagram for the sign conversion of filter coefficient is shown in Fig 6. 

Here coefficient of 17 bit is considered. 17 th bit is sign bit. Coefficients are 

represented in one’s complement representation. 

 

 

Figure 6. Logic circuit for sign conversion of coefficient 
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(ii) Block for generation of partial product 

 

This block generates 8 partial products from the input sequence (I in) of 16 bits 

as shown in figure 7. 

Figure 7. Logic for the generation of partial product 

 

(iii) Control Unit 

This unit generates control signals such as K1, K2, K3, K4, K5, K6 K7 and Kx 

from the filter coefficient [16 bits] as shown in figure 8. 

 

 

 

Figure 8. Logic circuit for control unit 
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Here C is filter coefficient of 16 bits. Filter coefficients are grouped into 4 bits 

and compared (equality check) to produce control signals of K1, K2, K3, K4, K5 and 

K6. These control signals are used to perform controlled addition of partial products 

at layer 1 as shown in figure 9. 

Two 8bit groups are compared for equality to produce K7.This control signal is 

used to perform controlled addition of four outputs from layer2 at layer 3 to 

produce two outputs as shown in  figure 9 

(iv) Layer 1 

In this layer, multiplexers (8 numbers of 4:1 mux) are used to select  the data from 

the previous layer as shown in fig(c) based on binary value of coefficient. In this 

layer two bit BCSE algorithm is applied vertically.  

(v) Layer 2, Layer 3 and Layer 4 

In layer 2, eight datas generated from the layer 1 are added based on the control 

signals from the control unit such as K1, K2, K3, K4, K5 and K6 [7]. There are four 

outputs from layer 1. These four datas are then added based on the control signal C7 

to produce two data of 16 bits and 8 bits in layer 3. Finally in layer 4, the  two data 

from the layer 3 are added produce multiplication result of (I in * C  ) 16 bits. 

 

 

Figure 9. Constant multiplier architecture using VHBCSE algorithm  

 

 

FIR realization using VHBCSE based constant multiplier 

Constant multiplier shown in figure 9 can be used to replace the multiplier in the 

figure 4 of direct symmetric FIR filter will give VHBCSE based FIR filter as shown 

in figure 10.  
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Figure 10. Blackbox representing VHBCSE based FIR filter 

 

Three filters such as LPF, HPF and notch filter in cascade as shown in figure 2 

are implemented by VHBCSE algorithm and the resultant structure is shown in 

figure 11. 

 

Figure 11. Cascade connection of VHBCSE based FIR filter for noise 
removal in ECG 

 

4. Architecture of Proposed filter  

 

 

 

Figure 12. Area efficient single VHBSCE filter for performing the 
different filtering operations sequentially.  
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In section 3, three VHBCSE based filters (LPF, BSP, and HPF) are connected in 

cascade to get overall filter for removing noise and interference from ECG signal. 

The main advantage of using VHBCSE algorithm is reduced number of hardware 

(multiplier less and reduced number of logic operators) and less power consumption 

(due to reduced switching activities).  In the proposed Filter architecture, the 

number of hardware components is further  reduced by using single VHBCSE filter 

with additional logic as shown in fig.12. The additional logic consists of control 

unit, multiplexer and output buffer. The Control unit permits the single filter to 

perform the low pass filtering, Band stop filtering and high pass filtering operations 

in a sequential manner and thus saving two numbers of filters at the expense of 

small overhead. 

Coefficient storage (CS) outputs will be in high impedance state when the enable 

inputs E1, E2 and E3 are low. CS outputs will have coefficients of respective storage 

when the enable input is high (E1or E2or E3). Control unit ensures that only one of 

these three enable inputs will be high at a time. 

 

The sequence of operation is as follows: 

 

The derived filter coefficient for LPF, BSF and HPF are stored into the respective 

coefficient storage (CS) before the filtering operation. Then reset is asserted high 

for short interval to initialize the control unit. Under the reset condition, he control 

signals E1, E2, E3, E4, E5 and E6 are set to logic low (0). Start signal is asserted high 

to initiate the filtering operation. As soon as start signal is given, the following 

sequence of operation will be carried out in step by step sequentially.  

Step1: Control signal E1 is set to high. This will enable the low pass filter 

coefficients from the low pass CS to get loaded in to VHBCSE based FIR filter.     

Step2: Since control signal E4 is 0, MUX selects the input sequence and fed to 

the VHBCSE filter input. Now the filter with LPF coefficients will be enabled by 

control signal E5 (E5=1) for filtering the input sequence. Filtered sequence will be 

stored in to output buffer. But the output buffer is disabled (E6=0) to provide the 

output sequence to the external output.  

Step3: Then the control unit initiates the next cycle of operation by setting E4 

and E2 to 1 and clearing all other control signals. It enables BSF coefficients get 

loaded in to filter and Low pass filtered sequence from the output buffer is fed to 

the input of VHBCSE filter.  

Step4: The control signal E4 is set to 1. Now the MUX selects the low pass 

filtered sequence (F(n)) from the output buffer. The filter with HPF coefficients 

will be enabled by control signal E5 (E5=1) for filtering the low pass filtered input 

sequence. Filtered sequence will be stored in to output buffer. But the output buffer 

is disabled (E6=0) to provide the output sequence to the external output. 

Step5: Then the control unit initiates the next cycle of operation by setting E4 

and E3 to 1 and clearing all other control signals. It enables HPF coefficients get 

loaded in to filter. 

Step6: The control signal E4 is set to 1. Now the MUX selects the band stop 

filtered sequence (F(n)) from the output buffer. The filter with HPF coefficients 
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will be enabled by control signal E5 (E5=1) for filtering the sequence (F(n)). 

Filtered sequence will be stored in to output buffer. But the output buffer is 

disabled (E6=0) to provide the output sequence to the external output.  

Step7: The control unit sets E6 to 1 and clears all other control signals. Since E6 

is set to 1, the output buffer provides the filtered sequence in to external output 

O(n).  

 After the operation mentioned in the step7, operation from step1 to step 7 will be 

repeated until stop signal is asserted. The above mentioned operations are summarized in 

Table.1. 

 

Table.1 Sequence of operation preformed by the proposed filter 

 

S

tep 

No 

Control Signals 

Loadin

g of filter 

coefficients 

into 

VHBCSE 

fitter 

MUX 

OUTPUT 

Filtering 

Operation 

Output 

Buffer 
E1 E2 E3 E4 E5 E6 

E7 

1 1   0   0   0   0   0   0 
LPF 

coefficients 
I(n) Disabled Disabled 

2 0   0   0   0   1   0   0 - I(n) 

Enabled 

for Low pass 

filtering 

Disabled 

3 0   1   0   1   0   0   0 
BSF 

coefficient 
F(n) Disabled 

Disabled 

4 0   0   0   1   1   0   0 - F(n) 

Enabled 

for Band Stop 

Filtering 

Disabled 

5 0   0   1   1   0   0   0 
HPF 

coefficients 
F(n) Disabled 

Disabled 

6 0   0   0   1   1   0   0 - (F(n) 

Enabled 

for High pass 

filtering 

Disabled 

7 0   0   0   0   0   1   0 - I(n) Disabled 
Enabled 

O(n) available 

 

Sequence repeats 

from Step 1 until stop 

signal is asserted 

    

 

 

5. Results and Discussion 

The three direct symmetric FIR filter in cascade architecture as shown in figure 

4, cascaded VHBCSE based filter architecture as shown in figure 11 and proposed 

single VHBCSE based filter performing three filtering operations as shown in 

figure 12 are coded using Verilog HDL and synthesized for virtex 5 FPGA device. 

Based on the synthesized reports, performance of these three filter architectures are 

summarized in figure 13. From the summarized results, the proposed filter 

architecture consumes 13% less than cascaded VHBCSE filters and 38% less than 
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cascaded direct symmetric FIR filter. Similarly, the proposed filter consumes less 

number of FPGA resources compared with other two architectures. Maximum 

frequency operation of the proposed method is slightly less than the other two 

methods but this will not be the drawback of filtering of ECG signal.  

 

  

 

  

Figure 12. Performance comparison of FPGA Components for various FIR 
filters 

 

Similarly these three filter architectures are synthesized in ASIC platform using 

cadence tool. Synthesized results are tabulated in table 2. It is found that the power 

consumption and core area of the proposed are less in comparison with other two 

filter architectures. Hence the proposed area and power efficient FIR filter 

architecture is suitable for using in the ECG sensor node.  
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Table.2 Performance comparison of various FIR filters on ASIC (0.18µm) 
platform. 

ASIC Design TSMC 0.18µm 

Design Area Proposed single 

VHBCSE based 

FIR filter 

Three cascaded 

VHBCSE based 

FIR filter scheme 

Three cascades 

Direct Symmetric 

FIR filter 

Total Design 

Area (µm2) 

58967 110205 12211.8 

Maximum 

frequency of 

operation (MHz) 

160.2 180.34 105.43 

Total Power 

(mW) 

18.043 16.213 29.34 

 

 

9. Conclusion 

This paper presents a Novel Filter architecture which can perform three types of 

filtering operations such as Low pass filtering, Band stop filtering and high pass 

filtering using single VHBCSE based filter. This results in to reduced hardware and 

reduced power dissipation. The performance of the proposed scheme was compared 

with the two other conventional methods in FPGA(virtex5) and ASIC platform. It is 

found that the proposed filter architecture consumes less power and area when 

compared with other two schemes. Especially in ASIC platform (180nm), proposed 

architecture consumes 10% of less power consumption when compared with three 

cascaded VHBCSE based filter and 45% of less power consumption when compared 

with three cascaded direct symmetric FIR filter. Similarly core area is also reduced 

by 46% and 52% when compared with three cascaded VHBCSE based FIR filter 

and three cascaded direct symmetric FIR filter respectively. As the proposed filter 

architecture is performing three filtering operation which is required for removing 

noise and interference from the raw ECG signal and consuming less power and less 

silicon area, it can be used as one of the sub block of ASIC implementation of ECG 

health care sensor node.    
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