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Cuvinte cheie. Zgomot impulsiv, filtru median, 

procedură de sortare, unitate duală. 

Rezumat. Lucrarea prezintă un algoritm pentru 

eliminarea zgomotului impulsiv din imagini. Acest 

algoritm oferă o calitate a imaginilor mai bună ca 

în cazul filtrelor mediane, deoarece elimină doar 

pixelii afectaţi de zgomot. Este prezentată o 

implementare bazată pe microcontrolerul Blackfin 

(Analog Devices) caracterizat printr-un grad de 

paralelism ridicat atât la nivel hardware cât şi la 

nivel software. 

Keywords. Impulsive noise, median filter, sorting 

procedure, dual core. 

Abstract. An efficient removal impulse noise algorithm 

is presented for restoration of images that are highly 

corrupted. This algorithm has much better image 

quality than a median filter. It removes only corrupted 

pixel by the median value or by its neighboring 

pixel value. The paper focuses on a real time 

implementation using the Blackfin microcomputer 

(Analog Devices) that involves the high parallelism 

both in software and hardware of this processor. 

 

1. Introduction 

For∗the images corrupted by impulse noise an 

imperative requirement is to remove the noise 

impulses without disturbing the edges. The linear 

filtering techniques are not a proper choice in 

removing impulse noise. Instead, nonlinear signal 

processing techniques – such as median filtering – 

should be involved. 

Median filters have the capability to remove im-

pulse noise as well as preserve the edges. However, 

a major drawback of median filter is that at high 

noise densities, it exhibits blurring and insufficient 

noise suppression [1]. The median filters operate 

uniformly across the image and therefore they 

modify both noise and noise free pixels 

                                                 
∗ Politehnica University of Bucharest, Romania. 

Image processing filters require two major cha-

racteristics: sufficient noise reduction and preserving 

the image edges [2]. Ideally, the filtering should be 

applied only to corrupted pixels while leaving uncor-

rupted pixels. Applying median filter unconditionally 

across the entire image would inevitably alter the 

intensities and remove the signal details of uncor-

rupted pixels. 

A noise-detection process to discriminate between 

uncorrupted pixels and the corrupted pixels prior to 

applying nonlinear filtering is required.  Some algo-

rithms for this issue (adaptive median filter, decision-

based or switching median filters) have been pro-

posed [3]. 

Possible noisy pixels are identified and replaced 

by using median value or its variant while leaving 

uncorrupted pixels unchanged. 
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The performance of this median filters is good at 

lower noise density levels. At higher noise densities, 

the number of replacements of corrupted pixel 

increases considerably. On the other hand, defining 

a robust decision measure is difficult, because the 

decision is usually based on a predefined threshold 

value. If the noisy pixels are replaced by some 

median value in their vicinity without taking into 

account the possible presence of edges they are not 

recovered satisfactorily. 

To overcome these drawbacks the noise removal 

algorithms involve two phases. In the first phase an 

adaptive median filter is used to classify corrupted 

and uncorrupted pixels; in the second phase, spe-

cialized method is applied to the noisy pixels to 

preserve the edges and noise suppression. The 

processing time is very high for such algorithms. 

To overcome this problem, the corrupted pixels 

are replaced by either the median pixel or neighbor-

hood pixel in contrast to other existing algorithms 

that use only median values for replacement of cor-

rupted pixels. At higher noise densities, the median 

value may also be a noisy pixel in which case 

neighborhood pixels are used for replacement; this 

provides higher correlation between the corrupted 

pixel and neighborhood pixel. Higher correlation 

gives rise to better edge preservation. In addition, 

this algorithm named fast and efficient impulse noise 

removal (FEINR) uses simple fixed length window of 

size 3 x 3, and hence, it requires significantly lower 

processing time compared with other algorithms. 

2. The impulse noise removal algorithm 

In median filtering each pixel replaced by the 

median of its neighborhood values in the current 

analysis window. The FEINR first detect the impulse 

noise and then replaces the corrupted pixel. The 

detection of noisy pixels is decided by checking 

whether the value of a current pixel lies between the 

maximum and minimum values that occur inside the 

selected window. The impulse noise pixels can take 

the maximum value 255 and minimum values 0. If 

the value of the pixel processed is within the range, 

then it is an uncorrupted pixel and left unchanged. If 

the value does not lie within this range, then it is a 

noisy pixel and is replaced by the median value of 

the window. 

If the noise density is high, there is a possibility 

that the median value is also a noise value. In the 

latter case, the pixel processed is replaced by the 

previously processed adjacent neighborhood pixel 

value in place of the median value. The FEINR is 

described below: 

1) A two dimensional window, W, of size N x N is 

selected. We note the pixel to be processed as W(x, y). 

The parameter N was chosen to be 3. 

2) The pixel values inside the window are sorted 

as follows: 

2.1. The minimum value of the elements in the 

W(x, y) - noted by MIN - is computed. 

2.2. The maximum value of the elements in 

the W(x, y) - noted by MAX - is computed. 

2.3. The media value of the elements in the 

W(x, y) - noted by MED - is computed. 

3) In this step the noisy pixel are detected as 

follows: 

- if ((MIN < W(x, y) < MAX) and (MIN>0) and 

(MAX<255)) then the current pixel W (x, y) is 

a noise free pixel and it is left unchanged 

else 

- if ((MIN <MED< MAX and (0< MED<255)) 

then the current pixel is a noisy pixel and it 

will be replaced by MED. 

- if (MED= 0) or (MED=255)) then the median 

value of the current window is a noisy pixel 

and the current pixel will be replaced by W 
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(x-1, y) (the left neighborhood of current pixel 

in the window). 

4) Steps 1 to 3 are repeated for the entire image. 
 

In step 4 a new window is acquired by moving 

toward right the previous window. In fact at each 

step the processed pixel is the central pixel in the 

window. 

The value of the pixel is verified to lies in the range 

of minimum and maximum values in the windows 

(previous computed) and that it is true the pixel is 

decided to be uncorrupted and therefore it is not 

change. The minimum and the maximum values 

must not be 0 or 255 values. 

If the previous condition is not fulfilled the pixel is 

noisy ant it will be replaced with the median value 

only if that median value is not itself a noisy value 

(that is 0 or 255). If so then the corrupted pixel will 

be replaced with its left neighborhood. 

3. The main results 

In order to maintain the tradeoff between noise 

removal and edge preservation the filter length was 

set to  3 x 3. The following cases were considered: 

(a) the impulsive noise is 20%, (b) the impulsive noise 

is 50% and (c) the impulsive noise is 90%. The 

median and FEINR filters were applied successive in 

several passes in order to enhance the quality of 

reconstructed image. 

Of course, the number of phases shall be as minim 

as possible in order to minimize the computation effort. 

On the other hand the sorting procedure - that is the 

core of both median and FEINR filters – should be 

implemented using a fast approach. If the sorting 

method is fast the additional computational effort 

needed by successive filtering will be compensated 

and the overall computation time will be reasonable. 

Figures 1 to 12 illustrated the main results. 
 

 
 Fig. 1.  The original image Fig. 2. The noisy image  
  ( 20% - impulsive noise) 

 

 
 Fig. 3. The reconstructed image – case (a)  Fig. 4. The reconstructed image  - case (a) 
 (median filter  - one pass) (FEINR filter – one pass) 
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 Fig. 5.  The noisy image Fig. 6  The reconstructed image - case (b) 
 (50% - impulsive noise). (median filter  - one pass). 

 

 
 Fig. 7. The reconstructed image  - case (b) Fig. 8  The reconstructed image - case (b) 
 (FEINR filter – one pass).  (median filter  - three  passes). 

 

 
 Fig. 9. The reconstructed image - case (b)  Fig. 10.  The noisy image 
 (FEINR filter – three passes). (90% - impulsive noise). 

 

 
 Fig. 11.  The reconstructed image - case (c)  Fig. 12. The reconstructed image  - case (c) 
 (median filter  - five passes). (FEINR filter – five passes). 
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We can observe that the FEINR filter is more 

efficient than median filter even at high rate of the 

impulsive noise. The edge preservation is better for 

the new algorithm, comparing with the classical 

median filter. 

4. THE BLACKFIN IMPLEMENTATION 

As we presented in section II, the FEINR algo-

rithm computational complexity is given by the 

sorting procedure involved in finding the MIN, MAX 

and MED values. This section illustrated that the 

Analog devices Blackfin microcomputer may be 

used to implement an efficient sorting procedure and 

therefore the FEINR algorithm can be implemented 

in real time [4]. 

The ADSP-BF561 processor is a high perfor-

mance member of the Blackfin family of products 

targeting a variety of multimedia, industrial, and 

telecommunications applications. At the heart of this 

device are two independent Analog Devices Blackfin 

processors. These Blackfin processors combine a 

dual-MAC state-of-the-art signal processing engine, 

the advantage of a clean, orthogonal RISC-like mi-

croprocessor instruction set, and single instruction, 

multiple data (SIMD) multimedia capabilities in a 

single instruction set architecture. The ADSP-BF561 

processor has 328K bytes of on-chip memory. Each 

Blackfin core includes: 

• 16K bytes of instruction SRAM/cache 

• 16K bytes of instruction SRAM 

• 32K bytes of data SRAM/cache 

• 32K bytes of data SRAM 

• 4K bytes of scratchpad SRAM 

Additional on-chip memory peripherals include: 

• 128K bytes of low latency on-chip L2 SRAM 

• Four-channel internal memory DMA controller 

• External memory controller with glueless sup-

port for SDRAM, mobile SDRAM, SRAM, and flash. 

The Blackfin processor family includes dual-core 

processors, such as the ADSP-BF561 processor. In 

addition to other features, dual-core processors add 

a new dimension to application development. Each 

dual-core Blackfin processor has two Blackfin cores, 

A and B, each with its own internal L1 memory. 

There is a common internal memory shared between 

the two cores, and both cores share access to 

external memory. Each core functions indepen-

dently: they have their own reset address, Event 

Vector Table, instruction and data caches, and so 

on. On reset, core A starts running from its reset 

address, while core B is disabled. Core B starts 

running when it is enabled by core A. 

When core B starts running, it starts running its 

own application, from its own reset address. Having 

one application per core the full potential of the dual-

core Blackfin processor is exploiting. Effectively, two 

single-core applications are building independently, 

and run in parallel on the processor. The shared 

memory areas, both internal and external, are each 

sub-divided into three areas–a section dedicated to 

core A, a section dedicated to core B, and a shared 

section. It is left up to the developer to arrange for 

shared, serialized access to the shared areas from 

each of the cores. 

The Blackfin processor instruction set is optimized 

so that 16-bit opcodes represent the most frequently 

used instructions. Complex DSP instructions are 

encoded into 32-bit opcodes as multifunction in-

structions. Blackfin products support a limited multi-

issue capability, where a 32-bit instruction can be 

issued in parallel with two 16-bit instructions. This 

allows the programmer to use many of the core 

resources in a single instruction cycle. 

The Blackfin architecture supports instructions 

that control vector operations. We take advantage of 

these instructions to perform simultaneous opera-
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tions on multiple 16-bit values, including add, 

subtract, multiply, shift, negate, pack, and search. 

The vector search instruction is used in a loop to 

locate a maximum or minimum element in an array 

of 16-bit packed data. A condition code GE (greater 

or equal) or LE (less or equal) will be set in the 

instruction in order to compute the maximum or the 

minimum value of the vector. Two values are tested 

at a time. The vector search instruction compares 

two 16-bit, signed half-words to values stored in the 

registers of the Blackfin microcontroller. Then, it 

conditionally updates each register with minimum or 

maximum of these values. Also, destination pointers 

are updated based on the comparison, to indicate 

the position of minimum and maximum in the vector. 

The above mention instruction may be used in 

order to find the MIN, MAX and MED values in a 

given vector W, as we show in section II. 

The algorithm is the following: 

1) Given the vector W of length N = 2M+1 we find 

the first two maximum values using the vector 

search instruction with condition code GE. 

2) Compare the two maximum values and set the 

greater of them as MAX value. 

3) Discard the two maximum values computed in 

step 1) and find two minimum values in the 

remaining vector of length N-2, using vector search 

instruction with condition code LE. 

4) Compare the two maximum values and set the 

smaller of them as MIN value. 

5) Discard the two minimum values computed 

previously and find two minimum values in the 

remaining vector, using vector search instruction 

with condition code LE. 

6) Repeat step 5) until the remaining vector has a 

single component. This component is MED value. 

The above algorithm, based on the Blackfin 

vector search instruction is very computationally 

efficient. Figure 13 illustrated the computing time 

comparing with the quick sort algorithm for various 

vector length. Figure 14 shows the ratio between the 

computation time of quick sort method and Blackfin 

vector search method. 
 

 
 

Fig. 13. Computation time for sorting algorithm. 
 

 
Fig. 14. Computation time for sorting algorithm. 

 
 

From figures 13 and 14 one can observe that the 

Blackfin sorting procedure has a smaller computa-

tion time for filter length up to 9 x 9. That length is 

great enough consider the goals of the image filter: 

noise removal and edge preservation. 

On the other hand, two successive input frames 

may be processed in the two cores of the processor, 

as illustrated in the figure 15. 
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c) 
 

Fig. 15: 
a – input samples processing for the Blackfin – dual core; b – the program flow chart for core A; 

c – the program flow chart for core B. 
 

In the figure 15, T_FEINR is the computation time 

for FEINR algorithm and T represents the frame acqui-

ring interval. Each core in the Blackfin processor has 
its own interrupts system. We consider that the input 

frames are acquired from a serial port (SPORT0) that 
generates a common interrupt for both cores (indicated 

in the figure 7 as IRQ_core_A and IRQ_core_B). Each 
core implements the FEINR algorithm in its own main 

program (denoted as Main_core_A and Main_core_B) 

if an appropriate flag (flag_A or flag_B) is set to 1. 
These flags are set in the interrupt service routines for 

core A or core B. The main programs process the odd 
or the even input frames only. A necessarily 

functioning condition is that T_FEINR <2T. 

The computational effort has been estimated 

both for using the above technique (called switching 
buffers technique) or not. Also, the median filter 
length will be chosen as 3 x 3 or 5 x 5. These 

experiments try to estimate how large a processed 

image may be if we consider that the image 

processing system has as input video streams at 
30 frames per second. 

The figures 16 and 17 illustrate the computational 
effort versus image length (we consider an N pixels 

x N pixels image, where N represents the parameter 
in the abscise of the graphs in these figures). 

The tables 1 and 2 show the image sizes for 

various situations. 
From the above tables one can see that the two 

approaches used in Blackfin implementation of the 
image filter (the improved sorting procedure and the 

switching buffer technique) lead to a real time 
implementation for medium image size. Comparing 

with the classical approach (quick sort procedure 
and no dual core microcomputer) the image size will 
be increased up to 2 – 3 times. 

IRQ_core_B : nB=(nB+1) mod 2 

nB= 1 ? 
YES NO 

Flag_B = 1 

Read input frame 

Write previous 
FEINR output frame 
 

RETURN 

Main_core_B:  

Flag_B= 1 ? 
YES NO 

Flag_B = 0 

Compute FEINR 
output frame for 
current read input 
frame 

Update the FEINR 
output frame 
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Fig. 16. Computational effort – median 3x3 (without switching buffer). 

 
Fig. 17. Computational effort – median 5x5 (without switching buffer). 
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Table 1. Computational effort (median filter length 3 x 3) 
 

Sorting 
procedure 

With no 
switching      

buffers        
(1 pass) 

With no 
switching 

buffers        
(3 passes) 

With no 
switching       

buffers         
(5 passes) 

With switching   
buffers         
(1 pass) 

With 
switching      

buffers         
(3 passes) 

With 
switching 

buffers        
(5 passes) 

Blackfin 690 x 690 398 x 398 308 x 308 976 x 976 563 x 563 534 x 534 
Quick sort 340 x 340 196 x 196 152 x 152 481 x 481 278 x 278 263 x 263 

 
Table 2. Computational effort (median filter length 5 x 5) 

 

Sorting 
procedure 

With no 
switching      

buffers        
(1 pass) 

With no 
switching 

buffers        
(3 passes) 

With no 
switching       

buffers         
(5 passes) 

With switching   
buffers         
(1 pass) 

With 
switching      

buffers         
(3 passes) 

With 
switching 

buffers        
(5 passes) 

Blackfin 270 x 270 155 x 155 120 x 120 382 x 382 220 x 220 209 x 209 
Quick sort 170 x 170 98 x 98 76 x 76 240 x 240 139 x 139 132 x 132 

 
 

5. Conclusion 

An efficient filtering algorithm for impulsive noise 

removal is presented. This algorithm has significant 

better performance in terms of noise removal and 

edge preservation. A fast sorting method, based on 

vector search instruction of Blackfin microcomputer, 

is also illustrated. The overall computation time is 

significantly reduced if such sorting method is 

used and if a switched buffer technique is involved 

based on dual core architecture of the Blackfin 

microcomputer. 
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