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Abstract This paper introduced the hardware platform of image measurement
reconstruction which is based on the theory of the compression sensing and its
working process, the hardware platform consists of two parts, front-end acquisition
circuit and rear reconstruction port. Acquisition port uses the Complementary Metal
Oxide Semiconductor(CMOS) image sensor, it can achieve the real-time image
acquisition, deposit the image in memory which is acquired in real time through a
peripheral interface, to generate the corresponding gray level matrix. Then com-
pleting the transplantation of image reconstruction algorithm and the debugging of
program through the hardware platform of the image measurement and the
reconstruction system, achieving the reconstruction of Chinese characters and the
complex image quiet clearly.
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1 Introduction of Image Acquisition System

The hardware platform of image acquisition system is shown in Fig. 1, it includes
power supply unit, complementary metal oxide semiconductor (CMOS) image
sensor [1], storage unit, central processing unit, image display screen, and com-
munication unit, and its overall structure is shown in Fig. 1. The working voltage of
power supply unit for other units to provide appropriate. The working process of
image acquisition system is as follows:

(1) CMOS image sensor, which is in the front-end of the system [2], is responsible
for the image acquisition in real time, the generated RGB image matrix vis-
iting the access controller DMA through direct memory of the processor in
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Fig. 1 Structure chart of image acquisition system

central processing unit [3], can be stored in the storage unit directly, have no
need to occupy the resource of central processor unit CPU;

(2) The RGB image, which is stored in the storage unit, make it a gray one by
processor to generate a corresponding two-dimensional matrix of the gray
image, and then observing and reconstructing the two-dimensional matrix of
the gray image by reconstructing image observation program;

(3) Finally, displaying the reconstructed gray-scale image through the image
display screen;

(4) The whole working process is controlled by the upper machine through the
communication module.

1.1 The Introduced of Processor OMAPLI138

The embedded application processor with Da Vinci architecture of TI company
started to use the combination of DSP [4] and ARM, which has the asymmetric
nuclear structure [5], OMAPLI138, as a classic processor, is a dual-core processor
with low consumption. Dual-core architecture in OMAPL138, combined the
advantages of high-speed digital signal processing performance in DSP and
Reduced Instruction Set Computer (RISC) [6] in ARM, used TMS320C674xDSP
kernel and ARM926EJ-S kernel which both have high performance. The internal
resources structure of OMAPL138 is shown in Fig. 2.

2 Image Signal Measurement and Display Unit

Image signal acquisition unit, which used OV2640 image sensor, connected the
processor OMAPL138 through the VPIF interface.
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Fig. 2 The resource structure of OMAPL138

2.1 The Profile of Image Sensor OV2640

0OV2640 is a CMOS image sensor [7], the first video sensor with 0.25 inches size
and 2-million pixels, is a new image sensor with the architecture of 2.2 micron
OmniPixel2. It can be assembled into mm-scale socket products, which is currently
one of the miniature camera module. OV2640 uses high-tech and advanced
OmniPixel2 architecture, with a richer color and zero-gap micro-lens structure, to
increase the fill factor and quantum, and form a sensitive 2.2 micron pixel,
improving the efficiency and effect of display [8]. Besides the benefits that
OmniPixel2 architecture has brought, OmniVision integrates the advanced image
signal processing module (OmniQSP), greatly improving the performance of the
image. OV2640 has five units, including the analog signal processing unit, 10-bit
A/D converter, digital signal processing unit, output format specification unit, and
compression unit, it also has microcontroller, SCCB peripheral interface, and digital
video output interface, Fig. 3 shows its internal structure function. It has the fol-
lowing features:

6]
(@)

(&)

Supporting 2-million pixels;

Resolution can be as high as 1632 X 1232, as well supporting 320 X 240,
640 x 480, 800 x 600, 1024 x 768 [9];

The refresh rate can be 30 frames/s, the rate is accessible in the highest yield
60 frames/s.
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Fig. 3 The internal functional structure of image sensor OV2640

2.2 Image/Video Peripheral Interface VPIF

Image sensor OV2640 is connected to the processor OMAPL138 through VPIF
interface, VPIF interface can capture and display the digital video.
OMAPL138 VPIF interface includes two video input channels and two video
output channels. Input channel 0 and input channel 1 share the same receiving
structure, and output channel 2 and output channel 3 share the same transmission
structure. Input and output channels of VPIF are as shown in Fig. 4. It has two input
and output channels with embedded time code for 8-bit standard definition video
signal, one input and output channel with embedded time code for 16-bit high
definition video signals, and one input channel for 16-bit original video signal.
VPIF interface has four clock input pins and 2 clock output pins. Each channel
has one clock input pin [10], can achieve the control of clock edges through the

(1) SDTV lch input and output (2) SDTV 2ch input and output
bd—[ VPIF charnel 0]~ B4—[VPIF channel 0]/
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VPIF charwel 3 < p<t¢—{VPIF charmel 3|2
(3) HDTV lch input and cutput (8) Raw capture mode
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Fig. 4 The figure of input and output channels of VPIF
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CLKEDGE which is in the register CnCTRL, 1, 2, 3 (n = 0), which is corre-
sponding to each channel. VPIF interface can provide clocks for external devices
through channels 2 and 3, and accomplish the setting of devices through the
CLKEN digit in C2CTRL and C3CTRL registers which is corresponding to
channels 2 and 3. The clock frequency produced by VPIF interface has the same
frequency with input clock signal.

In this system, the image sensor OV2640 connect with OMAPL138 through
VPIF interface, configuring VPIF interface as raw capture mode, in this mode, the
output signal of image sensor can be transmitted to the processor directly. Processor
can access controller DMA through direct memory to deposit data in the storage
unit directly, do not take up the resource of CPU. In general, the format of the
output signal which is produced by image sensor is RGB (sometimes can be
RGrGbB). The format of the signal has the following characteristics:

(1) Storing the pixel data directly;

(2) Data bit width can be 8-bit pixels, 10-bit pixels or 12-bit pixels;
(3) Having selections of horizontal and vertical pixel signal polarity;
(4) Storing fields separately and crosswise.

2.3 LCD Display Unit

The image display unit adopts the ATO70TN83 display screen made by INNOLUX
Corporation. ATO70TN83 is a 7-inch TFT-LCD screen, whose color-depth format is
16-bit RGB565, resolution with 800 X 400 pixel units, satisfies the need of display-
ing. ATO70TN83 connects with the processor OMAPL138 through VPIF interface.

3 Experiments on the Hardware Platform

There are two sets of experiment in this paper. Experiment 1 used GPSR recon-
struction algorithm combining with polynomial measurement matrix based on gram
matrix. Experiment 2 used SAMP algorithm combining with Hada code mea-
surement matrix based on pseudo-random sequence.

3.1 Experiment 1: GPSR Reconstruction Algorithm
Combining with Polynomial Measurement Matrix Based
on Gram Matrix

The GPSR algorithm adopted in the experiment combining with polynomial matrix
measurement which based on gram matrix, the experiment was divided into three
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groups. Each test adopted different measurement ratios, respectively, 20 %, 30 %,
and 40 %. Two of these tests were simple Chinese character’ images, “X” and
“I3”; the third group test is for the typical and quietly complex Lena image.

3.1.1 The Experimental Data

Figure 5 shows the corresponding reconstruction rendering of word “X” under
different measurement ratios, Fig. 6 shows the corresponding reconstruction effect
of word “Y#” under different measurement ratios, and Fig. 7 shows the corre-
sponding reconstruction effect of the Lena image under the different measurements
ratios. Table 1 shows the reconstruction time in each group under the different
measurement ratios.

(a) (b) (c)

Fig. 5 The reconstruction effect chart of word “X”. a Ratio is 20 %. b Ratio is 30 %. ¢ Ratio is
40 %

(a) (b) (c)

Fig. 6 The reconstruction effect chart of word “J3”. a Ratio is 20 %. b Ratio is 30 %. ¢ Ratio is
40 %
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Fig. 7 The reconstruction effect chart of the Lena image. a Ratio is 20 %. b Ratio is 30 %. ¢ Ratio
is 40 %

Table 1 The reconstruction time under different measurement ratios of word “X”, word “J%”,
and the Lena image

Target image Measurement ratio (%) Reconstruction time (s)
The image of word “X” 20 13.75
30 27.35
40 43.56
The image of word “J§” 20 13.87
30 28.58
40 44.54
The Lena image 20 56.56
30 65.43
40 75.54

3.1.2 The Experimental Analysis

It can be concluded from Figs. 5, 6, and 7 that under the same measurement ratio,
the reconstruction effect of simple Chinese character images is superior to the
quietly complex Lena image. By analyzing the data in Table 1, that for the same
target image, along with the increase of the measurement ratio, the reconstructed
image has a more clear effect, and the reconstruction time is in continual increase.
Under the same measurement ratio, the Lena image needs the longest reconstruction
time. Therefore, coming to a conclusion that GPSR reconstruction algorithm
combining with polynomial measurement matrix based on gram matrix, along with
the increase of the complexity of the image, the reconstruction time will increase.
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3.2 Experiment 2: SAMP Algorithm Combining with Hada
Code Measurement Matrix Based on Pseudo-random
Sequence

3.2.1 The Experimental Data

SAMP reconstruction algorithm adopted in this experiment was combining with
Hada code measurement matrix based on pseudo-random sequence, was divided
into three groups. Figure 8 shows the reconstruction effect of word “X” under
different measurement ratios, Fig. 9 shows the corresponding reconstruction effect
of word “¥%” under different measurement ratios. Figure 10 shows the recon-
struction effect of the Lena image under the different measurements ratios. Table 2
shows the reconstruction time in each group under the different measurement ratios.

(a) (b) (c)

Fig. 8 The reconstruction effect chart of word “X”. a Ratio is 20 %. b Ratio is 30 %. ¢ Ratio is
40 %

(a) (b) (c)

Fig. 9 The reconstruction effect chart of word “J%”. a Ratio is 20 %. b Ratio is 30 %. ¢ Ratio is
40 %
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(b)

Fig. 10 The reconstruction effect chart of the Lena image. a Ratio is 20 %. b Ratio is 30 %.
¢ Ratio is 40 %

Table 2 The reconstruction time under different measurement ratios of word “X”, word “J%”,
and the Lena image

Target Image Measurement ratio (%) Reconstruction time (s)
The image of word “X” 20 23.75
30 22.35
40 21.56
The image of word RV 20 22.87
30 21.58
40 20.54
The Lena image 20 37.54
30 36.43
40 35.54

3.2.2 The Experimental Analysis

Observing from Figs. 8, 9, and 10, it can be concluded that, under the same
measurement ratio, the reconstruction effect of simple Chinese character images is
superior to the quietly complex Lena image. By analyzing the data in Table 2, for
the same target image, along with the increase of the measurement ratio, the
reconstructed image has a more clear effect, and the reconstruction time is in
continual reduce. Under the same measurement ratio, the Lena image needs the
longest reconstruction time. Therefore, it can come to a conclusion that SAMP
reconstruction algorithm combining with polynomial measurement matrix based on
gram matrix, along with the increase of the complexity of the image, the recon-
struction time will increase.
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3.3 The Compare and Analysis of the Results of Experiment
1 and Experiment 2

Analyzing the results of the two experiments, comparing Fig. 5 with Fig. 8, Fig. 6
with Fig. 9, and Fig. 7 with Fig. 10, the reconstruction effect of experiment 2 is
superior to the experiment 1. Comparing Table 1 with Table 2, only when mea-
surement ratio is 20 %, the reconstruction time of experiment is longer than
experimental 1; and when measurement ratio is 30 % or 40 %, the reconstruction
time of experiment is less than experimental 1. For the same target images, along
with the increase of the measurement ratio, reconstruction time of experimental 1
become longer, reconstruction time of experimental 2 is reduced gradually.

As has been analyzed above, we can conclude that SAMP reconstruction
algorithm combining with Hada code measurement matrix based on pseudo-random
sequence is superior to GPSR reconstruction algorithm combining with polynomial
measurement matrix based on gram matrix.

4 Conclusions

In this paper, two algorithms in image acquisition system based on compressed
sensing on the hardware platform is introduced, and the results of the two groups of
experimental data show that these two algorithms provide a viable option for the
design of the image acquisition system based on the compressed sensing. SAMP
reconstruction algorithm combining with Hada code measurement matrix based on
pseudo-random sequence has a very important significance in designing the
practical-value image acquisition system based on the compressed sensing.
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