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Abstract— Aim of this project is to design flexible 

interpolators on Field Programmable Gate Arrays. 

Implementation on Field Programmable Gate Arrays brings 

advantages that include: low cost, higher precision 

processing, design flexibility and low power. The modern 

digital systems are more complex. They consist of several 

Digital Signal processors that operate at different sampling 

frequencies. A common sample rate should be employed for 

all processors to mix/combine the environments digitally. 

This design of interpolator can ease the speed requirement 

of several Digital Signal Processors for many high 

performance digital signal applications. This design gives 

the flexibility to implement the different wordlength 

interpolators. In this design of interpolators the interpolation 

factor can be varied from 2 to 20. In this project, data 

interpolators are designed to make speed twice (x2) and four 

times (x4) i.e. Interpolation factors 2 and 4 are used. 

Key words: DSP (Digital Signal Processor), FPGA (Field 

Programmable Gate Array), Interpolation, SRC (Sample 
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I. INTRODUCTION 

There are many systems where the sampling rate of a signal 

needs to be converted into an equivalent signal with a 

different sampling rate. Multiple sampling frequencies are 

used in many applications, in order to reduce and simplify 

the computational workload. For this purpose we need to 

use interpolators. For example, to utilize the highest 

frequency of an analog to digital converter (ADC) in any 

digital measurement system, we may sample the input signal 

more than 2 times of maximum frequency of input signal. 

The interpolators will reduce the circuit complexity and 

increase the performance of system.  

Today's buyer gadgets, for example, mobile phones 

and other multi-media and remote gadgets regularly require 

multirate computerized sign preparing (DSP) calculations 

for a few significant operations in request to build rate, 

lessen zone and force utilization. Because of a developing 

interest for such complex DSP applications, superior, 

minimal effort Soc executions of DSP calculations are 

getting expanded consideration among specialists and 

configuration engineers. In spite of the fact that ASICs 

furthermore, DSP chips have been the customary answer for 

elite applications, now the innovation and the business 

sector requests are searching for changes. On one hand, high 

improvement expenses and time-to-market variables 

connected with ASICs can be restrictive for specific 

applications while, then again, programmable DSP 

processors can be not able to meet coveted execution 

because of their successive execution building design. In 

this setting, installed FPGAs offer an extremely appealing 

arrangement that adjust high adaptability, time-to-market, 

cost and execution. Consequently, in this paper, an 

interpolator is outlined and actualized on FPGA gadget. 

Interpolators can be found in blended sign 

preparing frameworks, advanced collectors what’s more, in 

sigma-delta modulators. In the sigma-delta modulators, the 

introduction operation, i.e. oversampling, moves the sign 

recurrence and quantization clamor separated from one 

another. 

The proceeding sections are organized in following 

manner. Section 2 introduces the fundamentals of 

interpolation. The basic architecture of interpolator is 

explained in Section 3. Section 4 deals with the algorithm. 

Section 5 shows simulation results. The conclusion is 

presented in the Section 6. 

II. INTERPOLATION 

Interpolation is a process of increasing the sampling rate and 

the system which performs it is called interpolator. The aim 

of the interpolation is to get a new sequence with higher 

sampling rate without losing the information.  

Following Figure.1 shows block diagram of 

interpolation by factor L. It shows that interpolation is a two 

stage process. First the input signal is upsampled and then 

the upsampled signal is filtered. In the first stage, L-1 

samples are inserted in between consecutive samples of 

original signal, where L is the interpolation factor. Fig.1 

illustrates original sequence x(n) and the upsampled 

sequence x(m). The new sequence generated after 

upsampling stage is given by 
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Fig 1: Interpolation by factor L 

 
Fig. 2: Smoothening of Waveforms 

The interpolator generates more number of samples 

at the output data so the output signal waveform is much 

smoother than that of the input signal via a simple filter. 

This is shown in Figure.2. Waveform in the first row shows 

the original input signal. Second and third row shows 

waveform of output signal with interpolation factor 2 and 4 

respectively. 
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III. PROPOSED ARCHITECTURE 

A. Basic Block Diagram 

 
Fig. 3: Block Diagram 

The basic block diagram of interpolator consists of three 

major blocks samples, adder and divider. The input signal is 

a sampled data. Then interpolator takes any two adjacent 

samples. Adder adds the values of the two selected samples. 

Then the output of adder is given to divider which is of type 

divide by 2. The output of the adder is thus divided by 2. 

The output of the divider is a sample having value in 

between the two selected samples. Hence the system puts 

the new sample in between the two selected samples. The 

procedure continues for all samples in the input signal. In 

this way, the number of samples are doubled i.e. the input 

signal is interpolated by 2. 

For interpolation by factor 4, the same procedure is 

followed. Only the difference is here we take output signal 

of interpolation by 2 as input signal. In this way, the number 

of samples becomes 4 times the number of samples of the 

original input signal. 

B. Algorithm: 

 Step 1: Start 

 Step 2: Store the array of inputs on FPGA. 

 Step 3: Make cnt=1. 

 Step 4: Take samples at cnt and cnt+1. Add them 

and divide by 2. Return the three samples. 

Increment cnt by1.  

 Step 5: If cnt< size of input array, go to Step 3 else 

go to step 6 and name the returned array as array2. 

 Step 6: Take array2 as input array and follow steps 

from 3 to 5 till the cnt<size of array2. Name the 

returned array as array3 

 Step 7: Plot all the three arrays. 

 Step 8: Stop. 

C. Design Specifications: 

To implement above algorithm, we use MATLAB 13 and 

Arduino IDE. The Arduino integrated development 

environment (IDE) is a cross-platform application written in 

Java, and derives from the IDE for the Processing 

programming language and the Wiring projects. It is 

designed to introduce programming to artists and other 

newcomers unfamiliar with software development.  

Here we use Papilio One 250K FPGA development 

board to implement the proposed interpolators. The Papilio 

is an Open Source FPGA development board based on the 

Xilinx Spartan 3E FPGA. It has 48 I/O lines, dual channel 

USB, integrated JTAG programmer, 4 power supplies, and a 

power connector. It provides everything needed to start 

learning Digital Electronics. The Papilio One is a powerful, 

open-source, expandable development board perfect for the 

design and prototyping of your unique ideas. You can 

customize the capabilities of the Papilio with snap-on 

modular expansions called Wings (similar to Arduino 

shields) which provide added functionality to the board, and 

simultaneously expand the creative possibilities. At its heart, 

the Papilio One has a Xilinx Spartan 3E FPGA chip, 

providing a plentiful amount of digital logic to quickly get 

your prototyping of the ground. In addition, you can code 

for the FPGA using established development tools, or you 

can use Gadget Factory's custom Arduino IDE to easily 

write Arduino code and upload it to the AVR8 soft 

processor.  

D. Experimental Setup: 

 
Fig. 4: Experimental Setup 

IV. RESULTS AND CONCLUSION 

A. Results: 

 
Fig. 6: Interpolation by Factors 2 and 4 

B. Conclusion: 

This design of interpolator can ease the speed requirement 

of several DSP processors for many high performance 

digital signal applications. This design gives the flexibility 

to implement the different wordlength interpolators and 

decimators. FPGA implementation will bring advantages 

that include: low cost, higher precision processing, design 

flexibility, and low power. In this design of interpolator the 

interpolation factor can be varied from 2 to 20. In our 

project we have designed the interpolator for interpolation 

factors 2 and 4 as shown in above fig 5. 
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