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Abstract

There are some stereo image systems that have developed in the market, such as Microsoft's Kinect, ASUS’s
Xtion, and Intel’s RealSense. However, the upscale CPU is more expensive and high power consumption, so it is
not suitable for mobile application. Besides, the distance between two cameras and stereo matching algorithm are
limited due to the camera specifications. The proposed system uses SoC and FPGA of Altera Cyclone V series
for the Embedded Real-time Stereo Image Development System. Hardware implementations would be conducted
by algorithms of deep computation via the intellectual property designed in this system, and applications with
large elastic demand would be implemented by software. In this paper, stereo information of images would be
calculated mainly through Semi-Global Matching, Sobel filter, Census transform, and Parallax optimization
algorithm. Two USB cameras set up in the Embedded Linux operating system to develop Video Capturing
Software with V4L2 API. The image data would be transferred to the FPGA memory through AXI Bridges, and
the depth image would be obtained with SGM algorithm, then the processed depth information would be
synthesized and displayed on LCD. Meanwhile, the information would be sent back to the HPS Memory for
applications in Embedded Linux. The camera specifications and stereo matching algorithms can be adjusted by

Received: April 6, 2016; first revised: Aug. 17, 2016; accepted: Sep. 2016.
Corresponding author: C. -C. Wu, Department of Computer Science and Information Engineering, Southern Taiwan University of Science
and Technology, Tainan, Taiwan.



HEPEFE LR F 1 552 /] 2016 4£9 /7 26—39 27

designers. The stereo matching and parallax optimization algorithms consume 18,023 LUTs and 580,362
Memories in the resources of FPGA, and the system were verified by using the Tsukuba Image Pairs from
Middlebury Stereo Datasets.
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Our method + MF 5 5.128% 1.877% 3.998%  3.525%
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WE 19 FioR - AT SRS R TR R R (AR R B R B A A 23R
PR o BN > ASwSORHERY)CH R 100 ~ 150 ~ 200 ~ 250 2 300 37y SFEEEE - R —EEERFT AT
PBETRRGT R > PRI A S N(12) 8 R EE e E - IRIESR 3 BURIGH BRI T
FGHUERS - B SRR B AR UCRCAE R - B ET RAVEERESE R H T AR S AR = -

z

(12)

(@) J 4 4p R T (b)iFR F 2 JERITG dh i
W 19 e i Eedp R
23 TEREGLFRATABGE FEERTELS

gt E # iE4(cm) Rk E b T £
1 100 124.4 105 114.7
2 150 160 146.087 153.0435
3 200 224 176.8421 200.4211
4 250 258.4615 210 234.2308
5 300 336 305.454 320.727
2 %
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b > B HIETE B ERMESHRE RS R L -

PRI A - RS AR A B RS e (i B A RE AR - o TR E R LA
BT AR SR S R I i B B B SRR & - AIDGERE I BT o - %
Wit ST EERE - FTDLGEEE A BT IR R K B LRI T RS R P 28 SR AVRIRS - IERERSETLE i HY
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