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Design of real-time color image acquisition
system based on FPGA
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Abstract: In order to obtain high quality real-time full color image with a single image sensor coated
with Bayer CFA, this paper researches and designs an improved real-time color image acquisition sys-
tem based on FPGA. Firstly, design of MT9MO11 sensor registers setting timing is introduced. And
then, the paper pays key attention to demosaicking algorithm which is critical to the color image
quality. The proposed demosaicking algorithm adopts the second-order Laplacian interpolation filter to
the Bayer pattern image, and combines with chrominance and gradient for choosing the missing green
samples. After the green channel has been reconstructed, we interpolate R and B as the average of the
four nearest neighbors. By now, the full color image is reconstructed. Finally, GigE based image
transmission is implemented to improve the image throughput. Experimental results proved that on

average the improvement is 15 dB over the Bilinear Algorithm (BI) in PSNR and it produces visually
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more pleasant color images details with color artifacts greatly suppressed. Real-time 1 280 X1 024 res-

olution color image read-out could be achieved at speed 15 f/s. Now, the design is successfully used in

our camera system, the perfect restoration quality and effectiveness meets the requirement of system

design.

Key words: bayer pattern image; demosaicking; GigE; FPGA
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Fig. 5 Interpolation results of different demosaicking methods. (a) Origin image; (b)Ba-
yer image; (¢) Bl; (d)Reference [3]; (e)Reference [7]; (f) Proposed
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Tab.1 PSNR performance comparison of different demosaicking methods (dB)
PLEA LGN k(3] CHRL7] AR SCHE
R G B R G B R G B R G B

Kl 4(a) 25.166 26.230 25.206 30.775 35.520 30.883 36.112 38.096 36.407 37.167 40.764 37.842

Bl 4(b) 26.512 27.680 26.782 32.368 36.788 31.879 38.962 40.725 37.935 39.836 42.846 38.561

Bl 4(c) 32.404 32.427 32.441 38.666 42.053 38.430 41.213 43.956 40.550 40.590 43.718 39.962

Bl 4(d) 22.304 24.077 22.243 27.972 32.898 27.769 34.466 37.139 34.594 34.995 39.099 35.332

Bl 4(e) 26.626 28.437 26.784 32.529 37.173 32.587 38.759 41.267 40.008 38.889 42.727 40.626

4(0H  22.956 23.780 22.876 28.818 32.488 28.330 33.109 34.213 32.157 34.947 37.270 33.504

Bl 4(g) 34.060 34.294 33.742 39.705 43.513 40.101 41.198 44.818 41.909 40.049 44.087 41.052

Bl 4(h) 35.163 33.579 29.046 38.143 40.013 37.645 40.076 41.921 39.928 40.560 43.331 40.435




552 Z

18,45 . 3 F FPGA A ¥ (o EG I R4 R G 263

2.2.6 Jik FPGA A ff 3L

A3 AT AR SO TN oS T A R ik B
VLY 3 S 45 AR B, N P P A AL B 5 A e A
SCEL L AR AR FPGA S B b X A0 24 L BE 0% 1 2
e {4 S s A 2

T k45 32 0 RS = 7E BOE i 1 kAT,
Jir LA A SCHE FPGA WKl i BlockRAM #43 T
Kl 6 JE X0 R AT 5247 - A AT S A7 09 IR B2 2 1A
B —17. R* A D fil k&% B R %, X
FE L HUR R BRI K e O TR XF 5 A7 R s
HEAT A AT S AL B,

=»-Output

ondwos

Image Data [R44] Raz}-»[Ra1}-»{Ra0]

Clock

&l 6 00470 {1 53 v A 47 92 IR 5
Fig. 6 Process of FPGA implemented demosaicking method
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