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Abstract— A collection of microscopic DNA spots attached to a solid surface, like as a glass, plastic, or silicon chip 
forming an array is a deoxyribonucleic acid (DNA) microarray. In modern biomedical research DNA microarray 
technologies are an essential part. Hundreds of thousands of different DNA nucleotide sequences are compressed in a little 
microscope glass allowed by DNA micro array. All this information is transformed as a single image. Identification of gene 
expressions is done from analysis of DNA microarray images to draw biological conclusions for applications ranging from 
genetic profiling to cancer diagnosis. Unfortunately, a high variation of data quality is found in DNA microarray technology. 
Complex and extensive image analysis algorithms should be applied to obtain reliable results before the actual DNA 
microarray information can be used for biomedical purpose. Here a novel hardware architecture that is specifically designed 
to analyze DNA microarray images is presented. The proposed architecture presented is implementation of a field-
programmable-gate-array (FPGA)-based prototypal. The effectiveness of the novel architecture is demonstrated by several 
analyses performed on DNA microarray images, which shows that the capability to detect DNA spots increases by more than 
the 30% corresponding to that of previously developed software techniques. 
 
Keywords— Deoxyribonucleic acid (DNA) microarray, field-programmable gate array (FPGA), edge detection, image data 
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I. INTRODUCTION 
 
A deoxyribonucleic acid (DNA) microarray is a solid 
surface, such as glass, plastic, or silicon chip studded 
with a large number of DNA fragments, with each 
containing a nucleotide sequence that serves as the 
probe of a specific gene. The purpose of a DNA 
microarray is to simultaneously examine the 
expression of several thousands of genes. A DNA 
microarray allows one to identify and study the 
underlying gene expression patterns of cellular 
physiology, particularly to obtain genetic profiling. 
DNA microarray images are generated by an 
automated scanning-laser microscope that scans a 
microarray slide with several blocks of 2-D arrays, 
where the DNA fragments are localized. The purpose 
of DNA microarray data analysis is to draw 
biologically meaningful conclusions. In particular, 
the goal of the microarray image analysis is to extract 
absolute or relative intensity values from each DNA 
fragment (spot) that represents the gene expression 
level. The results of a microarray experiment are 
presented in the form of an image, where the most 
expressed genes are indicated by high-intensity spots. 
Several microarray analysis steps need to be done 
before conclusions are made. The first stage of the 
analysis is called gridding, which is the process of 
assigning coordinates to the spot locations. The 
gridding (which is also known as addressing or grid 
alignment) is a processing phase that aims to localize 
the positions of the spots that should be analyzed. 
This phase is fundamental since the localization of 
the exact spot positions allows the extraction of 
correct information from the correspondent DNA 
fragment. Basically, the gridding process generates a 
grid where a set of spaces and parallel and 
perpendicular lines, with the image content 

representing the 2-D array of the spots, is registered. 
Thus, several squares of different dimensions are 
identified on the grid. Each square should correctly 
be placed on the correspondent spot. To find the spot 
on the 2-D array image, the gridding process is based 
on image-processing algorithms, which may identify 
objects into constituent regions. The edge detection 
algorithm is the most suitable solution for measuring 
and recognizing the spot positions. This algorithm 
works on the microarray images by placing the edges 
in the image with strong intensity contrast, 
considering that they occur at image locations that 
represent spot boundaries. The data are then 
segmented to separate the foreground pixels from the 
background pixels. Once the spots are identified, this 
stage allows one to select which pixels belong to the 
spot and which pixels need to be considered image 
noise. The third step is quality assurance, which 
corresponds to identifying and avoiding the analysis 
of low dependable spots. This step measures the 
quality of the previous steps by fixing some features, 
e.g., spot morphology, size, intensity, and 
homogeneity. The final step is intensity extraction, 
which corresponds to reading the intensity of the 
expression of each DNA fragments and properly 
classifying the DNA microarray information 
extracted. The execution of a complete analysis flow 
of a DNA microarray image is a time-consuming task 
[1]. Previously developed approaches are mainly 
based on completely software-based solutions, where 
the edge detection algorithm is executed by standard 
central processing units (CPUs) performing software 
routines on the whole pixels of the DNA microarray 
image.  
Classical genomic microarray experiments involve 
complex steps including slide production and 
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scanning. A brief description of a microarray 
experiment can be summarized as follows: 
1. Generation of array ready cDNA (selecting specific 
cell material and using Polymeric Chain Reaction for 
DNA amplification); 
2. cDNA selection and microarray slide printing; 
3. Specific cell material selection from target tissues 
which is to be tested and fluorescent   labelling; 
4. Hybridization of the target material on the 
microarray slide; 
5. Scanning microarray image; 
6. Filtering Image and spot detection; 
7. Intensity extraction to evaluate gene expression; 
8. High order processing (Clustering and 
interpretation, gene regulatory network estimation). 
Steps 1–5 are performed by companies that produce 
microarray slides and special laboratory conditions 
need to be fulfilled in order to be accomplished. Steps 
6 and 7 represent a chain of image processing 
techniques integrated in existing software platforms. 
The classical flow of a microarray image processing 
is generally separated in the following tasks: pre-
processing, for improving image quality and 
enhancing weak spots, addressing, segmentation and 
intensity extraction. Addressing associates logical 
coordinates to each spot of the image and 
segmentation classifies pixels either as foreground, or 
as background, representing the DNA spots. In the 
last step the intensities of each spot is calculated   and 
also it estimates background intensity values. For 
further interpretation, following all the above steps 
information regarding the array layout, spot sizes and 
shapes, spot intensities and background intensity 
values, is obtained. 
Using FPGA technology and taking advantage of its 
parallel computation capabilities for each of the 
proposed microarray image processing techniques, an 
application specific hardware architecture is to be 
designed. For fast microarray image processing and 
acquisition all together an FPGA based system is 
described. 

 
 
II. CDNA IMAGE PROCESSING 
 
 Image enhancement: For microarray image 

enhancement spatial logarithm transformation is 
used. The logarithm of the luminance function 
(Y component) is computed by the logic block 

for each pixel (x,y) of the microarray image. On 
the basis of linear approximation of the logarithm 
function the hardware implementation is done of 
the logarithm transformation and according to 
algorithmic constraints (fixed point 
requirements) is efficiently designed. 

 Automatic grid alignment architecture:  
Computation of the horizontal and vertical image 
profiles of the logarithm transformed microarray 
image is involved in custom processing element 
for grid alignment. 

 Image segmentation architecture: A custom 
processing element in this section presented 
which implements canny edge detector that aims 
microarray image segmentation. Edge detection 
based segmentation is applied only on spot area 
considering that spots locations are provided by 
the grid alignment steps. Applying Canny filter 
on each spot location involves the following 
steps:  

o image smoothing, 
o image gradient computation,  
o non-maximum suppression to eliminate 

the pixels that represent false edges.  
The last mentioned image processing operations are 
based on image convolution, classified as a spatial 
filter. 

 
III. FPGA BASED SYSTEM FOR 
MICROARRAY IMAGE PROCESSING 
 

 
Fig. 2. System overview 

 
For configuration and for implementing custom 
hardware functionality FPGA technology uses pre-
built logic blocks and programmable routing 
resources. Its main benefits are the low cost, the ease 
of reconfiguration, and the short time to market. 
Moreover, FPGA technology exploits spatial and 
temporal parallelism which aims algorithm 
parallelization for fast processing. All these 
advantages are used to implement application-
specific architectures for the proposed image 
processing techniques. Image scanning, spot 
detection and intensity extraction, steps 5–7 from a 
microarray experiment can be integrated in a FPGA 
based system to reduce computational costs, for 
eliminating user intervention needed by the existing 
software platforms and to decrease the processing 
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time. Fig. 2 describes the proposed FPGA based 
system for microarray image acquisition and 
processing.  
 
A. FPGA Based Architectures for microarray image 

processing 
To evaluate the performances of our proposed system 
on target devices the hardware implementations of 
microarray image processing techniques make use of 
the FPGA features. 
To deliver raw-data information about microarray 
image characteristics, FPGA technology offers the 
possibility to exploit spatial and temporal parallelism. 
As a consequence, for processing microarray images 
as shown, FPGA are efficient. A field-programmable 
gate array (FPGA) is an integrated circuit designed to 
be configured by a customer or a designer after 
manufacturing—hence "field-programmable". The 
FPGA configuration is generally specified using a 
hardware description language (HDL), similar to that 
used for an application-specific integrated circuit. 
 
B. Image segmentation architecture 
In this section a custom processing element is 
presented which implements Canny edge detector 
aiming microarray image segmentation. Edge 
detection based segmentation is applied only on spot 
area considering that spots locations are provided by 
the grid alignment step. Applying Canny filter 
determined by grid alignment, on each spot location 
involves the following steps: image smoothing, image 
gradient computation, non-maximum suppression to 
eliminate the pixels that represent false edges [7]. The 
last mentioned image processing operations are based 
on image convolution, which is classified as a spatial 
filter. Convolution is used for implementation of   
image operators .The output pixel value is a linear 
combination between pixels of the original image. 
Each pixel in the output image is produced; by sliding 
an N×M window over the input image and according 
to the input pixels under the window and the chosen 
window operator an operation is computed. 
 
C. Intensity Extraction 
 
By subtracting the mean of the FG from the BG, 
representative spot intensity was obtained  

I = µFG − µBG                       (1) 
 
where µFG and µBG are the mean FG and mean BG, 
respectively, both are calculated from the 
corresponding labelled cell pixels. 
 
E. Material 
 
The following procedure was adopted in order to 
generate spots with realistic characteristics. A true 
cDNA image, was used as a template, consisting of 
about 1600 spots and by employing a thresholding 
technique, its binary version was produced. In the 

simulated image, the area of each spot as well as the 
location was a priori known. Using an exponential 
distribution with mean value being as predefined 
mean intensity value, spot intensities were produced 
[2]. From a single exponential distribution with mean 
value determined from the true cDNA image’s mean 
intensity, BG intensities were drawn  
 
IV. SPECIFIC HARDWARE ARCHITECTURES 
 
The Papilio One is a powerful, open-source, 
expandable development board which is perfect for 
the design and prototyping of unique ideas. The 
capabilities of the Papilio can be customize with 
snap-on modular expansions which are called as 
Wings (similar to Arduino shields).It provides added 
functionality to the board, and also simultaneously 
expand the creative possibilities. At the heart of 
Papilio One,it has a Xilinx Spartan 3E FPGA chip, 
which provides a plentiful amount of digital logic to 
quickly get prototyping off the ground. In addition, 
code can be developed for the FPGA using 
established development tools, or with the help of 
Gadget Factory's custom Arduino IDE to easily write 
Arduino code and upload it to the AVR8 soft 
processor. Along with spatial and temporal 
parallelism introduced by the implementations, future 
work consists of designing a high throughput system 
that uses multiple instances of the proposed 
applications. 
 
V. EXPERIMENTAL RESULTS IN MATLAB 
 

 
Fig. 3.  Simulation Results in MATLAB 

 
Fig.4. Centroid localizing 
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CONCLUSION 
 
The main aim of a DNA microarray is to examine 
simultaneously the expression of several thousands of 
genes. The results are presented in the form of an 
image of a microarray experiment. The most 
expressed genes are indicated by high-intensity spots. 
Further the position of most expressed gene can be 
determined by centeroid localizing and determining 
the x-y co-ordinates.Simulation results shows that the 
proposed scheme is robust, that removes a variety of 
impairments present in the microarray vector fields 
and also readably detects the microarray spots.  
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