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Abstract

In this paper, we propose an efficient VLSI
architecture for real time enhancement of video
containing non-uniform and low light conditions. The
nonlinear transfer function is determined by the
cumulative distribution function of the previous frame.
A dataflow design technique is used to construct a
pipelined multi-module architecture. The design is
capable of processing 73 102 %102 video frames per
second.

1. Introduction

Image enhancement is a very important pre-
processing step in many computer vision applications.
Researchers around the world have proposed various
techniques to improve visual perception in images
captured in poor visibility environment such as Multi-
Scale Retinex MSR , Luma-Dependent Nonlinear
Enhancement LDNE, and Adaptive Histogram
Equalization AHE [1-3]. Adaptive and Integrated
Neighborhood Dependent Approach for Nonlinear
Enhancement AINDANE is another nonlinear
technique which improves the visual quality of digital
images captured under low or non-uniform
illumination conditions. AINDANE incorporates
neighborhood information to better control the

luminance and contrast enhancement processes [4]. A
pipelined architecture design for AINDANE is
proposed in this paper. The architectural design also
utilizes a simple approximation method for fast
computation of some mathematical operations. We
implemented the architecture design on an FPGA due
to its flexibility and cost considerations [5-6].

2. Architecture Design

AINDANE can be broken down into the three
distinctive parts, adaptive luminance enhancement,
adaptive contrast enhancement, and color restoration.
This paper presents an implementation for the adaptive
luminance enhancement portion of this algorithm. The
nonlinear transfer function used in the luminance
enhancement procedure is defined as
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Figure 1: Block diagram of the module to compute tuning parameter z
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cumulative distribution function CDF of 0.1. To
achieve high throughput rate, the value of z is
calculated based on the previous frame in the video
stream since no drastic changes should exist in 2
consecutive frames. Figure 1 shows the block diagram
for the module to compute z. As the grayscale value of
a pixel enters the module, it is passed through a two
layer decoder. Then, the outputs of the decoder are
sent to a CDF converter which produces controlling
signals for the counter array which maintains the
current CDF of the image. In order to choose the
appropriate value of z, a bus multiplexer is utilized
with a selection mechanism that consists of a pixel
counter connected to exterior logic. When the frame
has almost completed, the counter array is
automatically traversed. Each value is checked to see
if it has passed the value greater than 10% of the total
pixel in a frame or .l on the normalized CDF. At
anytime if this condition is true, the address feeding
the bus multiplexer is passed to a ROM passes the
appropriate z value to the register.
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Figure 2: Pipelined block diagram
for luminance enhancement

The enhancement process takes place in three basic
stages and the block diagram for this module is shown
in Figure 2. In the first stage, an estimation of log
base two is taken of the normalized intensity value.
This step is used to convert the nonlinear aspect into a
linear multiplication. The estimation method which is
based on the idea of finding the index of the most
significant ‘1’ bit in the number is used to design a
very fast unrolled pipelined architecture for computing
log base two. The second stage is the multiplication
stage which utilizes the embedded 18-bit multipliers in
the FPGA. Since each signal at this point is 18 bits, the
pipelined module to estimate inverse log base two
requires 18 clock cycles. Similar to the estimation
technique to compute log base 2, the architecture for
inverse log base 2 is designed based on the concept of
interpreting the index of the binary number which
requires only shift and add operations. Delay units are
introduced to synchronize data in the pipe as shown in
Figure 2. Finally, a summation is performed and value
of the 8-bit pixel luminance is extracted from the
result.

3. Experimental Results

Simulation of the design was performed using
Xilinx ISE software. The target FPGA chip is the
Virtex2 xc2v2000-4ff896 where the design occupies
13% of the chip’s logic slices. The designed
architecture is capable of processing with a 73 MHz
clock rate. After the initial latency of 28 cycles, the
architecture produces an output every clock cycle.
Timing evaluation for various size video frames is
presented in Table 1.

Table 1: Processing time

Frame dimension Processing time
320%240 pixels 0.1 ms
720x%540 pixels 5.05 ms

1024x1024 pixels 13.63 ms

4. Conclusion

A pipelined architecture design for adaptive
luminance enhancement in the AINDANE algorithm
has been presented. The design utilized a simple
approximation method in addition to parallel
processing to achieve high throughput performance.
The nonlinear, tuned transfer function was closely
approximated by the architecture and the designed
architecture is capable for processing 73 1024x1024
frames per second.
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