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Accelerating the Retinex Algorithm with CUDA

Hyo-Seok Seo, Oh-Young Kwon, Member, KIMICS

Abstract— Recently, the television market trend is change
to HD television and the need of the study on HD image
enhancement is increased rapidly. To enhancement of image
quality, the retinex algorithm is commonly used. That’s why
we studied how to accelerate the retinex algorithm with
CUDA on GPGPU (general purpose graphics processing
unit).

Calculating average part in retinex algorithm is similar to
pyramidal calculation. We parallelize this recursive
pyramidal average calculating for all layers, map the
average data into the 2D plane and reduce the calculating
time dramatically. Sequential C code takes 8948ms to get the
average values for all layers in 1024x1024 image, but
proposed method takes only only about 0.9ms for the same
image. We are going to study about the real-time HD video
rendering and image enhancement.

Index Terms— CUDA, GPGPU, Image enhancement,
Pyramidal calculation, Retinex

I. INTRODUCTION

Parallel computing has been employed for many
years, mainly in high-performance computing, but
interest in it has grown lately due to the physical
constraints preventing frequency scaling. As power
consumption by computers has become a concern in
recent years, parallel computing has become the
dominant paradigm in computer architecture, mainly in
the form of multi core processors. The computing is
evolving from “central processing” the CPU to “co-
processing” on the CPU and GPU(Graphic Processing
Units). GPU is a highly parallel machine. For instance,
NVIDIA’s G80 series boasts 128 processors. GPUs
keep these processors busy by juggling thousands of
parallel computational threads. GPUs can sustain
hundreds of GFLOPS on a wide variety of
computationally demanding general purpose problems.
Especially SIMD problems well suited to get a high
performance using GPUJ[1].
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There are many interesting problems what is well
suited to get a dramatic increase in computing
performance with GPUs.

Digital camera’s image size become bigger and bigger
and HD Television is very popular in the market. That’s
why HD images and large size images are used frequently.
Cause the need of real time HD image processing is
increasing and it need high computing power.

In this paper, we chose the retinex algorithm to show
the performance increase with GPUs. The retinex
algorithm is the image processing algorithm to enhance
image’s contrast. It needs to compute with many pixels
and compare with each other pixels in an image [2].

Calculating average part in retinex algorithm is similar
to pyramidal calculation. We parallelize this recursive
pyramidal average calculating for all layers, map the
average data into the 2D plane and reduce the calculating
time dramatically.

In the next section, we provide the related works
(CUDA programming and retinex algorithm). In section 3,
we provide how we accelerate retinex algorithm. In
section 4 and 5, we provide experiment result and
conclusion.

II. RELATED WORKS

A.CUDA programming

We chose NVIDIA’s CUDA GPU Computing
environment for our implementation. CUDA provides a
direct, general purpose C language interface to the
programmable processors on NVIDIA’s 8-series GPUs,
eliminating much of the complexity of writing GPGPU
applications using graphics APIs such as OpenGL.
CUDA makes single instruction computes multiple
data possible using many cores in GPU and more fast
calculation.

Fig. 1. shows the Grid of Thread Blocks in GPGPU and
1 grid has many thread blocks and each thread block has
many threads[1].
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Fig. 1. Grid of Thread Blocks in GPGPU

CUDA’s memory model has Texture memory, constant
memory, global memory, shared memory, registers, local
memory, each memory’s access time and read, write
limitations are different. Together with shared memory,
this feature allows threads to cooperatively compute
results[3]. CUDA structures GPU programs into parallel
thread blocks of up to 512 SIMD-parallel threads.
Programmers specify the number of thread blocks and
threads per block, and the hardware and drivers map
thread blocks to parallel multiprocessors on the GPU.
Within a thread block, threads can communicate through
shared memory and cooperate by combining shared
memory with thread synchronization[4][5].

Efficient CUDA programs exploit both thread
parallelism within a thread block and coarser block
parallelism across thread blocks. Because only threads
within the same block can cooperate via shared memory
and thread synchronization, programmers must partition
computation into multiple blocks.

B. RETINEX algorithm

The retinex model for the computation of lightness was
introduced by Land and McCann. Since that time Land
and his colleagues have described several variants on the
original method. Many different descriptions of retinex
methods of lightness computation exist.

The basic form of the Multi-scale retinex(MSR)[6] is
given by

i
Rlryn) = ) Wloghloge) - glRrya) » ffre)) 121X

hml

where the sub-index i represents the i spectral band, N
is the number of spectral bands N = [ for grayscale
images and N = 3 for typical color images. In the latter
case, I ER; G;B 1 is the input image, R is the output of
the MSR process, Fkrepresents the k” surround function,
Wi are the weights associated with Fk, K is the number of
surround functions, or scales, and * represents the

convolution operator. The surround functions, Fk are
given as:

FRlxyng)= keapl-ixi + x/af]

where o;; are the scales that control the extent of the
surround smaller values of 7; lead to narrower surrounds

and
=14, D, Pl

The basic principles of retinex are: (1) color is obtained
from 3 ‘lightnesses’ computed separately for each of the
color channels; (2) the ratios of intensities from
neighboring locations are assumed to be illumination
invariant; (3) lightness in a given channel is computed
over large regions based on combining evidence from
local ratios; (4) the location with the highest lightness in
each channel is assumed to have 100% reflectance within
that channel’s band. Lightness refers to the perceived (in
the case of human perception) or estimated (in the case of
computational methods) surface albedo(reflectance
averaged over the channel’s band).

The initial versions of retinex where based on
combining the ratio information along random paths
across the image. Multi-resolution versions of retinex
where introduced for efficiency [7][8]. Horn [9]
formalized retinex in terms of differentiation, threshold
and reintegration in the logarithm domain. Kimmel [10]
formulates the computation as a variational optimization
problem. Two versions of retinex have been given
standardized definitions in terms of Matlab code [2].

All of the retinex variants treat the input image as a
spatial arrangement of colors and make no use of the 3-
dimensional structure of the underlying scene. However,
there are a number of psychophysical experiments
indicating that the human lightness and color perception
are influenced by information from several sources,
including 3-dimensional scene geometry. In particular,
Gilchrist’s[11] early experiments showed that, in the
black and white scenes, changing a surface’s apparent 3-
dimensional context affected the perception of its
lightness. In experiments using computer graphics
rendered 3- dimensional scenes, Boyaci et.al.[12] provide
further evidence for the relationship between perceived
orientation and the perceived lightness of matte surfaces.
Yamauchi et al.[13] used stereoscopic stimuli to support
the notion that surface color perception is strongly
influenced by depth information. Bloj et.al.[14] illustrated
the effect of spatial shape on chromatic recognition. Yang
and Shevell[15] show that binocular disparity can
improve color constancy. Adelson[16] argues that
statistical and configurable information are combined for
lightness perception.

In the retinex algorithm, calculating average of input
image’s what is divided to variety size grid blocks is
frequently executed. In this steps take long time and up to
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the image size, the executing time is linearly increased. So
if we need to use the retinex algorithm to HD images, we
need high performance computing system but it has a
limitation. High performance computing system is too
expensive. So we suggest the accelerate retinex algorithm
with CUDA on GPGPU.

III. ACCELERATING RETINEX
ALGORITHM

McCann99 retinex version that is implemented on
Matlab[1], is a computer-based version described by
McCann. McCann99 retinex creates a multi-resolution
pyramid from the input by averaging image data. It
begins the pixel comparisons at the most highly
averaged, or top level of the pyramid. After computing
lightness on the image at a reduced resolution, the
resulting lightness values are propagated down, by pixel
replication, to the pyramid’s next level as initial
lightness estimates at that level. Further pixel
comparisons refine the lightness estimates at the higher
resolution level and then those new lightness estimates
are again propagated down a level in the pyramid. This
process continues until New Products have been
computed for the pyramid’s bottom level.

Original image

i

-

Calculate the average

Fig. 2. Normal Steps to make RR Image (average)

Fig.2. show the pyramid to create RR image that is a
average of divided block. Top of the pyramid is 1*1
image that is a calculated average of the original image’s
all pixels. Using this pixel (RR), calculate with original
image’s maximum data (OP) and each image, OP and RR,
padded extra data and create the OPE and the RRE
images to calculate easier. Create the IP image by
“CompareWithNeighbor” function with these the RRE
and the OPE images. In this function, it compares with
neighbor pixels and create NP image. Then doubling all
pixels in the NP image and save to the OP image. Next

layer RR image has 4 pixels that is calculated average of
divided original image. And calculate with RR and OP
images as the order. These steps are continued until the
bottom layer. And each step we have to calculate the
average and save to RR. It spends long time and we target
to parallelize to accelerate this part.
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At the Fig. 2. each layer’s RR image is calculated with
the Original image. Just divide original image and each
grid block’s average is calculated and store the average to
the RR image. But Fig. 4. shows that bottom layer’s
divided grid blocks that have 4 pixels. The average of a
grid block is become a pixel of next layer’s RR image. As
these steps, each 4 pixels average is became a pixel of
upper layer’s RR image. And this RR image’s 4 pixels are
became a pixel of next layer’s RR image’s pixel. Fig. 5.
shows that the Original Image divided grid block and each
grid block have 4 pixels. First layer’s grid block
calculated and save the result to the RR Image.

“AS(ty, tx)” is a shared memory and it copy input
image(g_temp)’s data. In the thread block, the thread
index is “tx” and “ty”. The “blocksize” is thread block
size. We set the thread block size as 16, cause to get the
maximum performance. According to NVIDIA, using
warp size (32) or half warp size (16) is the way to get a
good performance. And “ImageSize” is the input image’s
size. “add” is distance of each grid blocks. At the layer 0
is 1, layer 1 is 2, layer 2 is 4. It is increased 2" every layer.
“add_save” is also a distance where is going to be saved
and it is derived as (add -1)/2. Using these parameters, we
saved average result temp image in Fig. 5, and next layer,
load from temp image and calculate.

If the input image’s size is 512*512, “imageSize” is
512 and the pyramid has 9 layers. And each layer are
divided to grid blocks, at the layer 0, it can be divided
1024 (32*32) grid blocks and each grid block size is
16*%16 and at the layer 4, it can be divided 16(4*4) grid
blocks and each grid block size is 16*16. The reason, why
we set the grid block size 16*16, is to map the thread
block. If the data is smaller than 16*16, we reduced the
thread block size and grid block size. There is 1 grid
block that is reduced.

//thread index
unsigned int tx = threadldx.x;
unsigned int ty = threadldx.y;

//block index
unsigned int bx = blockldx.x;
unsigned int by = blockldx.y;

//shared memory
_ shared__ float As[16][16];

//data copy from input image to shared memory
AS(ty, tx)

=g temp[by*blocksize*imageSize + bx*blocksize
+ add*ty*imageSize + add*tx + add_save];
__syncthreads();

/[calculating average
If(((tx)%0(2))==0& &((ty)%(2)==0))
{

sum = AS(ty, tx) + AS(ty, tx+1)
+ AS(ty+1, tx) + AS(ty+1, tx+1);
__syncthreads();

g_temp[by*blocksize*imageSize + bx*blocksize
+ add*ty*imageSize + add*tx + add-1] = sum/4;
__syncthreads();

}

Fig. 6. Average Calculating CUDA code

Fig. 6. is a CUDA code to calculating the average of
original image’s grid block. It is executed each layers as
Fig. 4. We use shared memory and all thread move data
from original image to the shared memory. And the thread
what is located in the (0,0), (0,2), (0,4)...(14,
10),(14,12),(14, 14), calculate with neighbor data((0,0)
thread calculate with (0,0), (0,1), (1,0), (1,1)) and save to
the 2d plane “g_temp” image as Fig. 5. Next step, collect
these data from g temp, move to shared memory and
calculate average.

We try to accelerating this multi-resolution pyramid
architecture. First, in the normal calculating pyramid,
every layer need calculating the original image’s all data,
but our enhanced pyramid doesn’t need to calculate all
data. It just needs the output data from before layer.
Second, we parallelized the average calculating step with
CUDA on GPGPU. 16*16 threads in a thread block
calculate at the same time.

IV. EXPERIMENTAL RESULT

We have tested the performance of the retinex
algorithm that has implemented in C and CUDA on 1 PC.
The CPU is Intel(®) Core™2 Quad CPU Q9400 @
2.66Ghz and main memory is 5GB ,0S is Windows 7
64bit. The GPU is NVIDIA GeForce 9500GS and it has
512MB global memory and 4 multiprocessors and 32
cores, 16Kbyte shared memory per block, maximum
number of threads per thread block is 512. Clock rate is
1.37GHz.

We tested and checked time C code and CUDA code.
Not the all code’s elapsed time. We tested 4 different size
images, 256*256, 512*515, 1024*1024, 2048*2048. We
just checked the time of Average calculating and create
RR image. It cause we implemented this part to accelerate.
As Fig. 7, there are dramatically improvements of
performance. Normal graph shows that it takes long time
to create RR image. It takes 22237036 microseconds and
Accelerating graph show that it takes under 1000
microsecond when the input image size is 2048*2048.
When the input image size is getting larger and larger, the
performance efficiency is getting better and better. HD
image is huge and it takes long time to image processing
but we can reduce the time to process. It seems that it’s
possible that real time processing HD images and HD
video.
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Fig. 7. Experimental Result

V. CONCLUSIONS AND FUTURE WORK

Real-time HD image and video processing need high
computing power and times but as we provided the
accelerating the retinex algorithm, it does not need the
expensive computing systems (such as HPC or, fast clock
speed CPUs). We can render and process the HD images
and video with CUDA on GPGPU (cheaper than CPUs).
Its more economic and efficient, as the result of our
experiment.

We tried to improve the retinex algorithm with CUDA
and we changed just the Pyramid what is the step to
calculate average of original image and to create RR
image. The result of accelerating the retinex algorithm, it
shows dramatic performance increase.

There are more parts what can be enhanced and
changed. We are going to enhance these parts (ex.
Convolution with center and surround) and it will make
more fast and efficient result. Also there are many way to
optimize parallel program (loop unrolling, branch
prediction...etc). After optimization, the performance also
will be more increased. In the future, we are going to
enhance the retinex algorithm and test HD video
processing in real-time.
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