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Abstract— This Parameterized Digital Electronic Arithmetic 
(PDEA) model replaces linear operations with non-linear ones. In this 
paper we introduce a hardware implementation of the parametric 
image-processing framework that will accurately process images and 
speed up computation for addition, subtraction, and multiplication. 
Particularly, the paper presents the design of arithmetic circuits 
including parallel counters, adders and multipliers based in two high 
performance threshold logic gate implementations that we have 
developed. We will also explore new microprocessor architectures to 
take advantage of arithmetic. The experiments executed have shown 
that the algorithm provides faster and better enhancements from those 
described in the literature. Its potential applications include computer 
graphics, digital signal processing and other multimedia applications.  

Keywords—Digital Electronic Arithmetic, Logarithmic Number 
System, Implementation of Logarithmic Image Processing 
Operations.  

I.  INTRODUCTION  
 In recent years, improvements in imaging technology have 

made available an incredible array of information in image 
format. Image processing is the system of mathematically 
transforming an image from one form to another, generally, 
changing some characteristics of the image [1]. In order to 
utilize digital images effectively, specific techniques are 
needed to reduce the number of bits required for their 
representations. Different coding techniques have been 
developed for use in simplifying and optimizing these 
reductions. “For a given information source like an image there 
is a coding technique which permits a source to be coded with 
an average code length as close as to the entropy of the source 
as desired,” as published  in Shannon’s Information Theory [2].  

Traditionally, image processing uses the concept of linear 
operations to manipulate images, but since this is inherently a 
non-linear process, accuracy issues may rise. First, the resulted 
pixel intensities lie outside the range (0, M), are clipped and 
causing a loss of information. Second, linear operations 
typically do not yield results consistent with the physical 
phenomena (as perceived by human eye/brain). Solving these 
common problems in an image processing context, the methods 
can be utilized. Some study shows color still images of 512 by 
512 pixels that were first converted to the corresponding 
monochrome images in order to generate their contours using 
the sobel filter [30].  

This paper consists of several parts. Section II and III 
present the background and the Parameterized Digital 
Electronic Arithmetic (PDEA) format, benefits (advantages) 
and limitation (disadvantages). Section IV presents 
applications, assumptions and hardware implementations, and 
Section V presents results and a conclusion.  

II. BACKGROUND: THE LOGARITHMIC IMAGE PROCESSING  
The logarithmic image processing (LIP) approach was 

originally developed by Jourlin and Pinoli and formally 
published in the mid-1980s for the representation and 
processing of images valued in a bounded intensity range [15]. 
The Logarithmic Image Processing (LIP) model treats images 
as light absorption filters, as shown in Figure 1 [4]. The 
programmable logarithmic image processing PLIP model was 
developed in [1]. The PLIP basic operations are directly 
defined as follows: 
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Where, the parameters )(M� , K(M), and )(M� are linear 
functions of the type,  )(M�  = AM + B; A and B are constant 
parameters. 

Arithmetic operations in PDEA are different from the 
normal Boolean approaches due to the nature of the logarithmic 
number. The operations for addition, subtraction, multiplication 
and division will become combinations of almost all, but 
resources can be shared and enabled for the right operation. 
This will be a lot faster. Originally, no method was used to 
select optimal parameter values. In this Implementation we 
selected these parameters as shown on the section to follow. 
Here is a list of benefits that can be gained from using the 
PDEA :  

1. System has parameters, such as M, B, �  and �  that 
can be set for the corresponding operation.  

2. It can be shown that PDEA operations have 
associatively and commutatively. 

3. Have low power consumption 
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4. Represent dynamic range and precision  comparable 
to the linear system 

We developed a new algorithm that is defined by equations 
1, 2, 3, 4, and 5 [1]. Because we are implementing a non-linear 
process, accuracy issues arise. For example when we compute 
the exponential or the natural logarithm we iterate up to the 
precession point. These implementations help improve the 
solution of common problems in an image processing context. 
The logarithmic implementation can be utilized to improve 
many areas of signal processing. Further development can 
build on this approach to implement other computational 
functions. Therefore, designing these functions with technology 
that is high-speed, low power, and regular in layout brings 
about design approaches that are of substantial research 
interest. In this regard, when we combined the algorithms in 
one circuit, we made a significant reduction in the time for 
computing different functions. Our goal besides having new 
algorithms is to reduce computation time by sharing resources 
and reducing area on an IC chip. Accuracy of individual 
building blocks, as well as overall correct functionality is the 
main goal of the implementations as is true for any circuit 
design. 

III. FILTERING USING LOGARITHMIC IMAGE PROCESSING  
Most of the applications of PDEA being developed today 

are mainly related to audio applications and other digital signal 
processing. Besides these applications, researchers are also 
paying more attention to the potential use of LIP applied to 
image processing. A low pass filter is a good candidate for 
calculation to apply the new algorithm we are introducing. 

A low-pass filter is an operator that does not affect low 
frequencies and rejects high frequencies [3]. Applying these 
functions on a low pass filter and comparing the result is done 
in Matlab. We change the add/subtract operations and compare 
the results of the original code (which uses normal operation 
vs. the modified approach using these new functions). The 
graphs show the results of the comparison.  Figure 2 show the 
time and frequency impulse response, where A, C are the 
original response, and B, D are the proposed formula results. 
Another Time and frequency original step response shown in E, 
G and F, H with proposed formula. Time and frequency of 
Random response, I, J is the original, K, L with proposed 
formula    

IV. HARDWARE IMPLEMENTATIONS AND PERFORMANCE 
Several methods have been suggested [1, 2] for possible 

incorporation into the hardware of computers to aid in the 
estimation of numerical significance. These include binary 
number systems and gray numbers.  

A few of the different families of DSP Hardware can be 
identified [14] as indicated here. DSP processors: These chips  

 
Figure 1.  Matlap comparison results 

are essentially RISC architecture processors with specialized 
hardware for DSP algorithms. They can be programmed to 
perform a wide range of algorithms. DSP cores: These blocks 
are large macro-blocks with the functionality of a DSP 
processor that can be embedded in ASICs. These cores include 
more specialized hardware for signal processing algorithms.  

Application Specific DSP Chips: These chips are designed 
for specific algorithms and are used where programmable 
approaches cannot achieve the required performance.  The 
nature of DSP algorithms demands different requirements than 
generic computational algorithms. Multipliers and adders are 
indispensable blocks of any DSP algorithm. DSP algorithms 
operate on a fixed rate of data, governed by the level of 
fabrication technology and the system clock, putting strict 
restrictions on the speed of individual operations. 

The Gray number system is a non-monotonic representation 
where two consecutive numbers differ in only one of their 
digits. For some applications such as counters or low-power 
address bus decoders, the Gray number system can help reduce 
the power consumption; when compared to consecutive 
numbers, there will be fewer transitions (and lower associated 
power consumption. 

The main disadvantage of representing numbers this way is 
that it is not well suited for standard Boolean arithmetic 
operations, primarily, because Gray numbers are non-
monotonic. The lower power consumption issue is also 
arguable, as the extra power used for the generation of Gray 
numbers may decrease the aforementioned power savings 
considerably [13] 

The logarithmic number system (LNS) was introduced in 
the 1970s. However, not many systems were built that based on 
LNS. Moreover, one of the major reasons they were not 
developed is that there are tradeoffs of performance and 
memory usage when implementing LNS. The highest precision 
of LNS built so far is 32-bits. LNS often require extensive 
look-up tables. Higher precision requires a much larger look-up 
table for computation and the cost may not be worth 
developing the system. The limitations for LNS [12] are: 
addition and subtraction are more complex and large-scale 
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look-up is required in order to achieve high precision. We also 
cannot match completely the effects of conventional floating-
point numbers. �It is also too expensive to implement since the 
memory cost goes up and the processor technology becomes 
more advanced and more complex. In addition, extra 
logic/software is needed to deal with the zero divide by zero 
case. 

In this paper the implementation of the Logarithmic Image 
Processing class of algorithms [8-9] is presented as a case 
study. The operation kernels are identified and their mappings 
onto an instruction set are described. 

Next, some special processor concepts that were used to 
achieve a good trade-off between performance and flexibility 
are described in more detail, highlighting the issue of power 
consumption. In particular, this filtering case study will be used 
as a test bench for the new implementation of non linear 
operators. The architecture has been developed to accurately 
analyze our proposed system; we have coded our design using 
Verilog hardware description language and have synthesized it 
for FPGA products. Modelsim is used for simulations in 
addition to Xilinx ISE. The FPGA chips used are: Spartan 3E 
from Xilinx. 

A. Proposed Algorithm Hardware Implementation 
Challenges and Assumptions  
There are different approaches used to implement LIP. The 

challenges of implementing LIP are mainly related to the 
approach to managing the look-up table for ln(x), exp(x), for 
multipliers and for dividers. Some of the approaches for 
improving or reducing the size of the look-up table include 
using a pipeline in which we minimize the number of bits and 
assume some constant values for the parameters in the lookup 
tables; we picked the architecture to be able to share resources 
between different functions. Below are the design features 
implemented with associated assumptions: 

� Two input vectors - each  8-bit wide - g1[7:0] and g2[7:0] 

� Two single bit inputs (asopr, mult) to represent which 
operation we are executing  

� A decoder is used to select if add, subtract or 
multiplication is employed 

� We implemented and simulated the design assuming these 
parameters  k(M )= 255, Lmpda(M) =256 and � = 0  

� Verilog to write the code 

� Modelsim used for simulations 

� DC and ISE Xilinx tools used for syntheses  

� Interface with the associated instantiated blocks shown in 
figure 2.  

 
Figure 2.   Interface block diagram 

B. Pipeline design 
We have improved the performance of our system by 

pipelining. The block diagram in Figure 3 shows pipeline     
architecture implementations of the design. As we can see from 
Figure 3, we need at least 5 cycles to do addition or 
subtractions and one more cycle if we are doing multiplications.  

The number of cycles will change based on technology, 
process, number of bits for which you are going to implement 
the design, and parameters you chose.  In cycle 1, we have 
implemented a decoder that takes two single bit inputs; the 
output will decide on whether the operation is add, sub or mult. 
The output of the decoder will be the control-enable signals 
(sel_operation) to all parts on cycle1; it will be latched and 
used in the decision-making and what to run in other pipes. In 
cycles 2 and 3: the circuit determines what logic to gate into, 
based on the control signal; if we are performing mult then we 
just access the ln(x) function on cycle 2, multiply on cycle 3 
and get the inverse on cycle 5; otherwise we connect to the 
divider, then subtraction; then on cycle 5 the output is selected. 

C. Syntheses and circuit design 
We implemented the proposed architecture using Verilog  

and syntheses flow, this approach is appropriate because we 
can change parameters and re-synthesize quickly. In this paper  
our design primarily consists of six major modules. They are: 
adder, sub tractor, decoder, multiplier, divider, and multiplier. 

 
Figure 3.   pipeline block diagram                                         
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Each part of the circuit is enabled based on the decode 
selection. Using this approach, the system can take advantages 
of using a combination of these functions to perform fast 
multiplication and division. A look-up table will not be needed 
to implement addition or subtraction; but it will be enabled 
when multiplications is selected.  

   There is a trade-off of memory consumption for 
multiplication (the look-up tables are larger). However, since 
the system needs to implement both number systems, it will 
take more space to put a conversion block to switch the number 
system back and forth and it will increase the time delay of the 
operations. 

Two control signals, asopr and mult use these signals 
to choose what operation will be executed. Mathematical 
algorithms are implemented in Verilog to demonstrate the 
proposed arithmetic operations.  Figure 4 shows simulation 
results of the multiplecation 

D. Sub-circuits/Modules used  
Table 1 shows component with the associated numbers. 

Three Multipliers are used:  one 11x11 bits and two 8x8 bits 
multiplier. Multipliers are enabled based on the operations. 
Registers, latches and counters: We used look-up table to find 
the exp and ln(X) functions. 

E. Area, Power and timing consumptions  
In Table 2 a comparison is shown of the IC area consumed, 

based on the corresponding operation; most of the area 
corresponds to the combinational logic.  For power, as shown 
in Tabel 3, the circuit consumes 2.4mW and the cell leakage 
power is 4.75uW using voltage of 0.85v.  

The size of circuit Cn is the number of edges (connecting 
links) of the circuit. The depth of circuit Cn is the length of the 
longest path from any input node to an output node. A circuit 
family is an innate list of circuits C = (C1; C2; :::; Cn; :::) 
where Cn has n inputs. As described above, C computes a 
family of functions (f1; f2; :::; fn; :::), where fn is the function 
of n inputs computed by circuit. 

The FPGA chip used is: Spartan 3E from Xilinix. The 
critical length in the circuit implemented on the Xilinix FPGA 
had the minimum period for the proposed subsystem is 
10.209ns (Maximum Frequency 97.957MHz).  Minimum input 
arrival time before clock is 16.178ns. Maximum output 
required time after clock is 6.140ns. Addition timing results for 
addetion are shown in Figure 5, when asopr =1, mult=1, g1=7, 
g2=3.  It took 95ns to get the result of the add function. 

Subtraction function timing results shows when asopr =1, 
mult =1, g1=7, g2=3 the out is 3. Once we switched from add 
to sub it took the sub-tractor (190 -499) 309ns to get the result. 
The multiplication function timing results when asopr =1, mult 
=1, g1=7, g2=3. The output resulted after we enabled the mult 
function - “activate m=1”. 

 

 

 

TABLE 1 CIRCUIT TYPE 

Function Number of instant  

16-bit sub tractor 2 

32-bit sub tractor 1 

11x11-bit multiplier 1 

8x8-bit multiplier 2 

1-bit register 41 

16-bit register 2 

32-bit register 2 

1-bit latch 2 

11-bit latch 2 

16-bit latch 3 

22-bit latch 1 

8-bit latch 3 

9-bit latch 1 

4-bit down counter 1 

TABLE 2  LOGIC FUNCTION USED 

Logic Type Area(um2) 
Combinational 4010.965 

Non combinational 608.366 

Cell area 4619.33 

Net(Interconnect) 25.59349 

Total area 4644.924 

TABLE 3  AREA 

Power Tabel 

Global Operating Voltage 0.85v 

Total Dynamic Power    2.3650 mW 

Cell Leakage Power        4.7560 uW 

Total Power   2.37mW 
 

F. Hardware limitations 
The major problem in implementing division is that the 

natural logarithm and the exponential are complicated to deal 
with, so a look-up table is used. As the precision goes up, a 
larger look up table is needed with a higher level of detail. It 
consumes memory and also has a long delay time caused by 
table searching. 
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Figure 4.  multiplication simulation results 

Figure 1 Addition simulation result 

 
 
 
 
 
 
 
 
 
 
 
 
 

V. CONCLUSIONS 
   In this paper, we presented an optimized implementation 

of the parameterized Digital Electronic Arithmetic (PDEA) 
approach for implementing computer arithmetic. This 
particular model has the advantage of being fine tuned for 
signal processing; in this case it uses the mean squared error 
measurement and objective measures of enhancement to 
achieve a more effective signal processing model. This 
implementation has the advantage of being optimized based on 
operation, power and area. To accurately analyze our proposed      
system, we have coded our design using Verilog hardware 
description language and have synthesized it for FPGA 
products using ISE and Modelsim. 
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