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Abstract: High power problem become one of the most important bottleneck of the IC industry. FIR filter is a 
most basic element in a digital signal processing system. In this paper, we managed to design a new FIR filter 
that can have low power. We use a residue number system to design a FIR filter in order to reduce power. In our 
model, we designed a serial modulus adder and a new way to compute modulus bit by bit. We use a way of 
looking up table in place of multiplication. By experiment verification, these methods in each module can 
effectively cut down the power and area. Copyright © 2013 IFSA. 
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1. Introduction 

 
1.1. Background 

 
With the rapid development of IC technology, 

high power problem become one of the most 
important bottleneck of the IC industry. It is 
imperative to carry out a low power  
design technology [1]. 

The main factors drive low power researches are 
the wide application of mobile communication 
equipment and its sluggish progress on battery [2]. 
Besides, low power can not only reduce the costs on 
packaging and cooling but also the cost of high 
performance cluster system. Through dropping the 
chip temperature, a lower power can make the system 
have a less fault rate so that improve the reliability. In 
terms of environmental protection, a lower power 
decreases noise pollution and cuts down the radiation 
on human body [3]. 

For the moment, there are several primary 
strategies for low power. Firstly, is to reduce the 
capacitance of the chip and encapsulation [2]. This 

method is very effectively, just expensive. Secondly 
is to decrease the supply voltage. This can work well, 
too. But as a consequence, it causes a decline in 
performance. Then is strategy on power management. 
The technology has been used widely [4]. Its 
efficiency depends on the application of statistical 
features and optimization on strategies. Finally, to 
use various novel circuit structures. It has a low cost 
and extensive application. There is a large space on 
optimization [5]. Above all, it is one of the most 
efficient ways of depressing power consumption. In 
this paper, I adopt the method of using various novel 
circuit structures. In this way, the power consumption 
of the FIR filter can be dropped significantly. 

 
 

1.2. FIR Filter 
 
FIR filter is a most basic element in a digital 

signal processing system. It has any amplitude 
frequency and strict linear phase frequency. At the 
same time, its unit sample response is limited, thus 
filter is a stable system [6]. Therefore, FIR filter has a 
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range of applications in communication, image 
processing, pattern recognition and other fields. The 
model in this paper takes a 24 shaping filter as an 
example, do some research on how to reduce the 
power consumption of FIR filter using a residue 
number system design. First we designed a serial 
modulus adder and a parallel prefix modulus adder. 
Then I chose the serial modulus adder as a better one 
after compared. Second, we have a new way to 
compute modulus bit by bit. Third, we use a way of 
looking up table in place of multiplication. All these 
methods have effective functions so that they can cut 
down the filter’s power and area a lot. 

 
 

2. Model and Method 
 

2.1. Theory of Algorithms 
 

The principle of a decimal general filter is: 
 

23

0

( ) ( )i i
i

y n c x n


  , (1) 

 

where ( )ix n is the filter inputs with 16 bits wide, 

0 1 23,c c c  are filter coefficients with 12 bits wide. 

( )y n  is filter output with 16 bits wide. 

Below is the calculation formula of FIR filter 
based on a cardinal M. Y is the filter output, ic  is the 

filter coefficients, ix  is filter input, N is the number 

of filter and M is a cardinal of RNS [7]. 
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Define a discriminant: 
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if C g g M
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otherwise
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    
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Only when i M
C g , ( )i g =1, otherwise 

( )i g =0. 

Using the discriminant, we continue to simplify 
the expression of Y 
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Divide ix  into single bits 
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2 ( )
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j
i i j

g i j M
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Transform the order of sum 
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,
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Divide (g=1 to M-1) into g=1 to (M-1)/2 and 
g=(M+1)/2 to M-1 
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Using the following formula, we go on to split 
from g=(M+1)/2 to M-1 
 

 M M
X M X     ,  0,1X   (9) 

 

Here X is a reverse of X so that 1
M

X X   
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Thus we abstracted a constant coefficient which 
can be searched in a table when implemented. 
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
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By DA algorithm, we can transport Y into 
following formula, and then make coefficients 
coalesced. 
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jS  is actually a convolution sum of single bits. 
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Below is a bit combination, then we finally found 

out the results. 
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Next step is scaling. 

/Y X K , K is the scaling constants, Y is what 
we need. 

In the end, transport the data of residue number 
system to decimal ones by CRT [6] (Chinese 
Remainder Theorem). 

 
1 1

1 1 1 2 2 21 2M m m M
X m m r m m r     

 (16) 

 
In this formula, 

M
X  represents the results of X 

mod M, M=m1m2, im


=M/ im , 1
im  is reverse of im


 

so that 1 1
i

i i m
m m   

. Besides, r1=<X>m1, 

r2=<X>m2, m1=M/m2, m2=M/m1. 

2.2. Architecture of Model 
 

First of all, convert input data to binary residue 
number. In the process of the filter will be a single bit 
split step. Then do a convolution operation of a single 
bit. After that, merge single bit together and scaling 
them. Finally, switch the data from residue number 
system to decimal system using CRT (Chinese 
Remainder Theorem). The details of RNS-FIR frame 
can be seen in Fig. 1.  

In Fig. 1, the subscript stands for the ith remainder 
branch; the superscript stands for the ith bit. For the 
1st and 2nd branches i=0, 1, ... 4. For the rest branches 
i=0, 1, ... 5. 

The model in this paper picks six cardinals (25-3, 
25-1, 25+1, 25+3, 26-3, 26-1). The range of 
computation covers all bit wide of residue addition 
and residue multiplication, so the calculation will  
not overflow. 
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Fig. 1. RNS-FIR frame. 
 
 

3. Low Power Method in Each Module 
 
3.1. Low Power in Residue Adder 

 

A RNS needs a number of addition operations. 
Traditional adder has to extend bits wide while 

residue adder can keep the bits scale [8] stably by 
modulus operation. Thus, the complexity of 
computing can be cut down. As a residue adder 
finishes a summation operator and a modulus 
operation at the same time, the complexity can be 
reduced further. 
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In this paper, I design two modules of residue 
adder. One is a serial modulus adder and the other is 
a parallel prefix one. 

 
 

3.1.1. Serial Modulus Adder 
 

The first scheme combined modulus principle and 
the ordinary adder in QUARTUS platform. 

Residue adder theory is: 
Respectively set up the two numbers A, M, M is 

cardinal, 2nT M  , S is result [9]. 
 

2nwhen A B T    (17) 

 
S A B T    (18) 

 
otherwise S A B   (19) 

 
That is if output carries of ( )A B T   is “1”, the 

result will pick low-order n bits of ( )A B T  . 

If output is not “1” the result will pick high-order 
n bits of A+B. The details on the RTL circuit can be 
seen as Fig. 2. 

 
 

 
 

Fig. 2. Serial modulus adder’s RTL. 
 

 
3.1.2. Parallel Prefix Modulus Adder 

 

The second scheme uses all basic logic units. It 
can achieve a faster computing speed. But it needs 
more logic resources. 

Its principles are: 
First of all, it is based on the principle of parallel 

prefix addition. 
Generate prefix pairs used for prefix operation of 

( )A B  
 

( , ) ( , )i i i i i ig p a b a b  , (20) 
 

ig  stands for the ith carry generation.  

ip  stands for the ith carry transmission [10]. 

Then we have carry information of each bit. 
 

1 0
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1
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( ) 2
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i i l j
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c g p g i



  



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

   (21) 

 

This is each bit prefix operation in its group. After 
that, with every bit’s carry information, we obtain 
summation result of each bit. 

 

i i is c p   (22) 
 

On the basis of front information and the modulus 
theory, we revise the results according to the top bit 

carry value. Then real carry value of each bit is 
generated. In this way, we avoid to compute 
respectively carry values of ( )A B T   and 

( )A B . So the delay is decreased. 

Firstly, get pairs of carry generation and  
carry transmission. 

 

0 0 0 0 0 0( , ) ( , ) 0

( , ) ( , ) 1, 2,..., 1i i i i i i

g p a b a b i

g p a b a b i k

   


   
 (23) 

 

By observation, you can found that 2 1kM   , 

2 2 1n kT    so its binary representation is 
000...00100...001

n k bits k bits
 , therefore, we regard them as an 

add operation with a default carry both at the 0th bit 
and the kth bit. 

When i=k, k+1, …. n-1, calculate reserve carry 
(g’, p’)  

 
' '( , ) ( , ) , 1,..., 1i i i i i ig p a b a b i k k n      (24) 

 

Add the pair ' '( , )i ig p , get pairs of carry 

generation and carry transmission eventually. 
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 (25) 
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The output of highest bit is the bottom carry of 
A+B+T 

 
12

1
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nn

out n j i
i j i

c g p g
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
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 
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Do a revise once. 
 
'
1 0

12
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1
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ii

i i l j
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


  

 



    


 
 (27) 

 
Do a second revise 
For i=1, 2, …, k-1, the carry keeps the same 
For i=k, k+1, …, n-1, set another variable Z 
 

'
1

0
1

( )

( ) 1,..., 1

k k k k

i

i j k k
j k

z p p c

z p p p c i k n



 

  



     



 (28) 

 
'

1

0
1

( )

( ) 1,..., 1

k k k k

i

i j k k
j k

z p p c

z p p p c i k n



 

  



     



 (29) 

 
The corrected results are as follows via the 

variable Z. 
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'
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Set the output sum is S, finally is a sum operation. 
 

0 0

0,

out

k k out k

i i i

s c p

s c c p

s c p i k

  
   
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The comparing resources of our parallel prefix 
modulus adder and serial modulus adder can be seen 
in Table 1. 

 
 

Table 1. Logic cost of two modulus adders. 
 

Total logic elements 
Parallel prefix 
modulus adder 

Serial 
modulus 

adder 
Total combinational 
functions 

22 17 

Dedicated logic 
registers 

0 0 

 
 
The simulation results of parallel prefix modulus 

adder and serial modulus adder can be seen in Fig. 3.  
In the Fig. 3, x1, x2 is input data, y1 stands for 

parallel prefix modulus adder outputs, y2 represents 
serial modulus adder output. It is obvious in the 
diagram that there is no big advantage for parallel 
prefix modulus adder on time of computing. But it 
cost more logic units. Consequently, application of a 
serial modulus adder can effectively reduce the 
power consumption of the whole system. 
 
 
3.2. Low Power Strategy in B2R 
 
3.2.1 Modulus Operation Bit by Bit 

 
This part is to transmit binary data to residue data. 

The input is computed by modulus operation under 
each cardinal. Its remainder is divided into six roads 
to be passed to the next module. Our cardinals are 
(25-3, 25-1, 25+1, 25+3, 26-3, 26-1). After 
calculation, this group of cardinals can cover whole 
computing wide, so that we can solve the problem  
of overflow. 

A modulus operation involves division And the 
division isn’t belong to basic computing operation. 
For this reason, if we directly use modulus operator, 
it will occupy more logic and slow down the speed. 
In this paper, we take a look-up table method instead 
of modulus operation which has a division. The 
details of the process can be seen in Fig. 4. 

 
 
 

 
 

Fig. 3. Simulation results of two modulus adders. 
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Fig. 4. Modulus process. 
 
 

( )x n  is filter input with 16 bits wide and it’s a 
signed data. The table lists all binary remainder of 16 

bits 0 1 2 152 , 2 ,2 2  under a cardinal. There are six 

tables in total. For each bit of ( )x n , if that is “1”, 
look up the remainder in the table, if that is “0”, the 
default remainder is “0”. Add all the 16 remainders 
using our modulus adder. In this way, we get a 
remainder under a cardinal. In order to enhance 
speed, computing of six look-up tables is parallel. 
 
 

3.2.2. Correct Symbol 
 

As the input is a signed number, a negative 
input’s modulus operation is quite different from 
positive inputs [11]. So we find a way of correcting 
symbol. This method can share the same logic circuit 
with negative modulus operation and positive 
modulus operation. There is no need to do another 
modulus operation for negative inputs as usual. 

Principle is as follows: 
Set the input data is x, when x is negative, there is 

a relationship between the true code of x’s absolute 
value and complement code of x. In the following 
formulas, the subscript t stands for true code and the 
subscript c stands for complement code. 

 

  162
ct

x x      (32) 

 

Do a transposition: 
 

  162
c t

x x       (33) 

 

The right of the equation 
t

x   is exactly our 

input x, set out cardinal is r, do a modulus operation 
on both sides of equation. 

 

  162
c tr r

x x       (34) 

 

The right side of the equation 
t r

x    is just 

our output remainder. 

In order to simplify the logic, we add an r in left 
side of equation according to the remainder principle 
so that we can get rid of subtraction. 

 

   162
c t rr

x r x        (35) 

 
Decompose the modulus in the left side. 
 

  162
c tr r rr

x r x        (36) 

 
Since r is known, 162

r
is also a definite 

number, so you can get value of 162
r r

r  then 

store in the table. 

And  c r
x can be used as a positive number to 

do modulus operation. 
For any input data, what need is only to detect the 

top bit. If it’s “0”, then it’s positive, the remainder is 
“0”. If it’s “1”, then it’s negative, we look up to the 
table to fetch its remainder. Thus, this symbol correct 
operation is the same as other bits’ modulus 
operation. So they can be done in one table. 
 
 
3.3. Look-up Table Replace of Multiplication 
 
3.3.1. Single Bit Convolution Section 
 

Our cardinals are {27, 29, 31, 35, 59, 61}. Four of 
them are 5 bits while two of them are 6 bits. In the 
process of convolution, there will be a large number 
of multiplications. In order to reduce complexity of 
computing, we use a look-up table instead of 
multiplier. 

In the session of single bit convolution, each bit 
of x will be combined to original data after it is 
convoluted. These operations are 

 
5

0

2i
i

i r

y x


   (37) 

 
where ix  is the convolution result of each bit, it has  

6 bits wide. The details can be seen in Fig. 5. 
This left shift is equivalent of a multiplier of 55, 

the final data wide will be extended to 10 bits. This is 
a huge cost. Here we have a improve method. As the 
result of single bit addition is less then 2 bits. So we 
can make an exhaustion. Every case of sum which 
multiplied 2i is listed in a table. So just look at the 
sum of single bit and then look up the table. The 
details can be seen in Fig. 6. 
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4x

3x

2x

0x

1x

 
 

Fig. 5. Convolution process. 
 

 
 

 
Fig. 6. Look-up table convolution. 

 
 

3.3.2. The Session of Scaling 
 

Y=X / K, K is the scaling constant, Y  is what we 
need [7]. Set X is a number before scaling, Y  is X ’s 
result after scaling. K  is an inverse element in 
cardinal Mi. Set X is a number before scaling, Y is 
X’s result after scaling. K  is an inverse element in 
cardinal Mi. The details on the RTL scaling circuit is 
shown in Fig. 7.  

A[10..0]

B[10..0]

OUT

EQUAL

A[10..0]

B[10..0]

OUT

EQUAL

A[10..0]

B[10..0]

OUT

EQUAL

deal_29:m_29_t5

Equal47_OUT

Equal48_OUT

Equal49_OUT

count[3..0]

Equal49

4' h4 --

11' h1A1 --

Equal48

4' h4 --

11' h123 --

Equal47

4' h4 --

11' h122 --

Equal46  
 

Fig. 7. Scaling RTL. 
 
 

4. Experimental Verification 
 

Based on the Design Compiler, we take 
respectively the SMIC 0.13 um and 0.18 um standard 
library under 100 MHz clock. We do a synthesis both 
on RNS FIR and decimal FIR. In order to compare 
more accurately, the decimal FIR has an identical 

function as RNS-FIR. It is also a 24 shaping filter 
and its 24 coefficients are the same as our  
RNS-FIR’s. Under the same 100 MHz clock, they 
have totally the same input data and output data. 
Their area and power consumption are shown in  
Fig. 8 and Fig. 9. 
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Fig. 8. Power comparisons of RNS and decimal FIR filters. 

 
 

 
 
Fig. 9. Area comparisons of RNS and decimal FIR filters. 

 
 
From Fig. 8 and Fig. 9, the methods in this paper 

can reduce effectively the power cost by 37.69 % 
under 0.13 um library and 13.82 % under 0.18 um 
library Compared to decimal FIR’s power. On power 
area, we decrease by 51.4 % under 0.13 um library 
and 28.41 % under 0.18 um library compared to 
decimal FIR’s power area. 

After computing, on every area (um), they can cut 
down the power by 22 % less than decimal FIR filter 
under 0.13 um library and 16.94 % under  
0.18 um library. 
 
 

5. Conclusions 
 
A residue number system is used to design a FIR 

filter to reduce power by verification from 
experience. The serial modulus adder and a look-up 
table are useful to cut down the power and area.  

However, there is still some disadvantage in our 
design. As we have large amount of single bit 
computing and convolutions, so the delay in our 
system is longer than the decimal filter. Nonetheless, 

we have great throughput. So this model will be more 
suitable for large data computing system. 
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