
 
 

 

  

Abstract—cDNA microarrays are a useful tool for studying 
the expression levels of genes. Nevertheless, microarray image 
gridding remains a challenging and complex task.  Most of the 
microarray image analysis tools require human intervention, 
leading to variations of the gene expression results. Automatic 
methods have also been proposed, but present high 
computational complexity.  In this work, the performance 
enhancement via GPU computing techniques of a fully 
automatic gridding method, previously proposed by the 
authors’ research group, is presented. The NVIDIA CUDA 
architecture was utilized in order to achieve parallel 
computation of complex steps of the algorithm. Experimental 
results showed that the proposed approach provides enhanced 
performance in terms of computational time, while achieving 
higher utilization of the available computational resources. 

I. INTRODUCTION 
DNA microarrays [1] are a powerful biotechnology tool 
for scientists to simultaneously study the expression 

levels of thousands of genes. Since their development in 
1995, they have been broadly used in many biomedical 
application areas such as research on cancer, diagnosis and 
treatments of various diseases, toxicology and 
pharmacology. 

Image analysis is an important aspect of a cDNA 
microarray experiment as a means for extracting meaningful 
biological conclusions. The first stage of microarray image 
analysis is gridding, which is the process of segmenting a 
microarray image into numerous compartments, each 
containing one individual spot and background. Gridding is 
a very challenging process due to the poor quality of 
microarray images [2][3]: they contain inhomogeneous 
background and are contaminated with noise and artifacts. 
Furthermore, microarray images contain thousands of spots 
of various sizes, shapes, and intensity levels. Spot positions 
often deviate from their ideal ones - that is 2D array layouts 
– resulting to misalignments and local deformations of the 
ideal rectangular grid. 

As a result, a number of software programs and 
techniques have been introduced for gridding. Software 
packages such as ImaGene [4], ScanAlyze [5] and 
SpotFinder [6] demand user intervention for adjusting 
various parameters in order for a predefined grid to match 
the spots in the microarray image [7]. GenePix and 
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QuantArray software programs automatically adjust the 
template grid [8][9]. However, they are not efficient when 
there are misalignments and local deformations of the grid 
[7]. Other well-known techniques use mathematical 
morphology [10][11], axis projections [12], markov random 
field [13] or graphs [14]. A basic drawback of these 
techniques is that they require human intervention.  The 
absence of a fully automatic procedure for gridding leads to 
significant discrepancies in the results of the gene expression 
levels, even for the same microarray slide [15]. 

In this work, the authors try to enhance the performance 
of a fully automatic gridding method, previously proposed 
by their research group [16], which is based on a genetic 
algorithm approach. This approach can efficiently construct 
a grid structure in a microarray image even in the presence 
of noise and artifacts or in the case of various kinds of 
perturbations such as arbitrary rotations, local deformations 
and missing spots. Nevertheless, due to the use of a genetic 
algorithm, this method requires much computational time. In 
order to tackle this drawback, the use of GPU computing 
techniques is proposed and evaluated. 

Modern personal computers are commonly equipped with 
powerful graphics processors (GPUs), which are specialized 
in handling computations for the display of computer 
graphics. This computational power usually remains 
underutilized, especially in the case of general computations. 
General purpose computing on graphics processing units 
(GPGPU) is the set of techniques that use a GPU in order to 
perform computations traditionally handled by a CPU. The 
highly parallel structure of GPUs makes them more effective 
than general-purpose CPUs for algorithms where processing 
of large blocks of data is done in parallel and in isolation, 
keeping inter-thread data exchange to a minimum. For this 
work, the NVIDIA Compute Unified Device Architecture 
(CUDA) [17][18] has been selected due to the extensive 
capabilities and optimized API it offers. 

The rest of this paper is organized in three sections. 
Section II describes the gridding method and the proposed 
GPU approach. Results from the experimental evaluation are 
presented and discussed in Section III, whereas conclusions 
and future work are presented in Section IV. 

II. METHODOLOGY 

A. Microarray image gridding algorithm 
Our method for gridding microarray images [16] relies on 

a genetic algorithm (GA) [19][20] which determines the 
line-segments constituting the borders between two adjacent 
blocks or spots. The GA is executed twice: First, it 
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determines the ‘vertical’ line-segments of t
and afterwards the ‘horizontal’ line-segme
the GA are summarized on Table I. 

 
TABLE I 

STEPS OF THE GENETIC ALGORI
 

1. Generate a population of N chromosomes 
2. Evaluate the fitness F(m) of each chromosome m
3. If the termination criterion is not satisfied 

a. Place pr% of the best chromosomes to the ne
b. While the size of new population is less than

i. Select four chromosomes (m1,m2,
tournament selection operator 

ii. Create four offspring (o1,o2,o3,o4)  by ap
and mutation operators to (m1,m2) and (m

iii. Evaluate the fitness of o1,o2,o3,o4   
iv. Place the best two of o1,o2,o3,o4to the ne

c. Replace the current population with the new
4. Keep the best chromosome as the solution to the gr
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the number of the line-segments N(m) is calculated and N(m) 
CUDA threads are used in order to calculate P(Li), qi and ki, 
with the i-th thread assigned to the respective measurements. 
For storing the results, two buffers of size N(m) elements are 
utilized. On the first buffer the product P(Li)·qi is stored on 
the i-th position, while on the second buffer the binary value 
ki is stored on the respective position. An outline of this 
procedure is shown on Fig. 2. 

Fig.2. Outline of the GPU implementation for computing the fitness F(m). 
 

Computing the sums Sp(m) and fLS(m) without the use of 
memory buffers would require thread synchronization in 
order to avoid race conditions, i.e. threads overwriting each 
other’s result, thus eliminating the performance 
improvements that this work tries to achieve. In order to 
compute Sp(m) and fLS(m), a divide and conquer approach is 
utilized. Segments of the buffers are assigned to different 
CUDA threads in order to compute the partial sums and 
then, the total sum is computed iteratively by one thread. 
Both sums are computed simultaneously since they are 
independent from each other. By computing the partial 
sums, the number of linear operations needed is reduced, 
thus minimizing the computational cost of the sum 
calculation. The number of threads NT used for computing 
each sum is defined as: 

 ்ܰ ൌ ඄ܰሺ݉ሻௌܰா ඈ (3) 

with NSE being the number of elements in each segment. 
 After the computation of Sp(m) and fLS(m), the fitness 
F(m) is computed and transferred to the main memory of the 
system. In terms of execution time, this memory transfer 
costs only the overhead of the transfer operation since the 
size of the transferred data is extremely small. 
 Following the aforementioned method, two 
implementations for the computation of F(m) are proposed. 
The first implementation (named ‘GPU-S’) computes F(m) 
for the chromosomes representing the rows of the grid and 
then for those representing the columns, while the second 
implementation (named ‘GPU-RC’) computes 
simultaneously F(m) for the chromosomes representing both 
rows and columns since the two tasks are independent, thus 
increasing the utilization of the GPU. 
 For the execution of CUDA kernels, the block size is set 

to the maximum threads per block supported by the graphics 
card if the number of threads needed is larger than this 
number, or to the nearest multiple of 32 if the number of 
threads needed is less than the maximum threads per block 
supported. The number of blocks per grid is defined as: 
݀݅ݎܩݎ݁ܲݏ݇ܿ݋݈ܤ  ൌ ඄  ඈ (4)݇ܿ݋݈ܤݎ݁ܲݏ݀ܽ݁ݎ݄ܶ݀݁݀݁݁ܰ ݏ݀ܽ݁ݎ݄ܶ

 

III. EXPERIMENTAL EVALUATION 
In order to evaluate the proposed implementations, their 

performance was compared with the performance of the 
CPU implementation used in [16], using the same 
parameters for the genetic algorithm. The average 
computation time of F(m) in ms for a generation of the 
genetic algorithm and for both the rows and columns 
represented by a chromosome is presented on Fig. 3. 

 

Fig. 3.  Average computation time of F(m) for one generation of the 
genetic algorithm and for both the rows and columns represented by a 
chromosome. 
 
The GPU-S implementation provides 49% faster 

performance compared to the CPU implementation, while 
the GPU-RC implementation provides 55% faster 
performance. 

Each implementation was then tested for several numbers 
of generations and the average execution time is shown on 
Fig. 4. The GPU implementations provided faster 
performance offering an average improvement in speed of 
16% for the GPU-S and 20% for the GPU-RC. It is evident 
that the overall performance improvement is significantly 
less than the improvement in F(m) computation. This 
phenomenon can be explained due to the fact that the 
inevitable memory transfers to and from the GPU dedicated 
memory at each generation consume a large portion of the 
execution time.  

Performance tests were conducted on a computer 
equipped with an Intel Core i3 CPU, 4 GB of DDR3 
memory and a NVIDIA GeForce GTX 650 Ti graphics card 
with 1024 MB of GDDR5 memory. 
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Fig. 4. Average computation time for several generations of the genetic algorithm.. 
 

IV. CONCLUSION 
In this work, a performance improvement for a microarray 

image gridding algorithm was presented. Performance is 
enhanced by harnessing the computational power of the 
GPU through the CUDA architecture, in order to perform 
parallel computations. The experimental procedure showed 
that the proposed method provided up to 55% faster 
performance for calculating the fitness of a chromosome, 
and up to 20% overall faster performance for the whole 
algorithm. Future work could include the calculation of F(m) 
simultaneously for all chromosomes in the population for 
each generation and also for all the blocks of the microarray 
image, since both tasks are independent from each other and 
can be divided to independent steps. 
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