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A Visual Brain Chip Based on Selective Attention for Robot Vision Application
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Abstract—Due to huge computational loads and the state of art of current hardware, nowadays how to implement real-time vision tasks on a signal chip is still a great interesting work. It is critical for eventually accomplishing biointelligence on robots, whatever humanoid robots, insect robots or even mini robots. This paper describes the designing process and the architecture of a called visual brain chip for robot vision application. 
Resorting to the knowledge of human visual information processing, the mechanism of human selective attention is integrated with system on a chip (SoC) design methods to obtain a design in this paper. The process was divided into three stages for achieving real time vision computing. The whole system for the chip design used a PTZ TV camera, ASIC technology altogether with LEON SPARC processor design and was verified on the FPGA development board. It is a good attempt for future multi-processor visual brain chip of higher performance using open source CPU core—LEON3 SPARC processor.
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I. INTRODUCTION
T
HIS research is proposed for high-speed vision computing using limited hardware and accomplishing biointelligence. It tries to minimize current visual information processing system for robot vision application, especially space robot vision. Integrating ASIC design with LEON SPARC processor system is presented, and it is a good attempt for our future development of the chip toward higher performance. Through this work, eventually, we hope to design a visual brain chip for real time visual perception and recognition, decision making and even information acquiring control, just like human visual brain. 
II. Description of Architecture Design
According to the different computing loads and the varying performance of hardware architectures, we divided the visual information processing into three layers, respectively, pixel-level processing layer, feature-extracting layer and visual-task-executing layer. The whole system for the chip design used a PTZ TV camera, ASIC technology altogether with LEON SPARC processor design. The PTZ camera was used for simulating the function of human eyes, acquiring visual information and doing eye movement. ASIC design was introduced for the pixel-level image processing task and parts of feature extracting tasks, including Skin-color- detection-based face feature extraction, edge detection and movement detection, especially non-uniform sampling which simulated the principle of human eyes imaging. LEON processor was responsible for the high-level visual task, such as recognition and decision-making, and the whole system management, involving in the memory and the peripheral interface management.
III. Result and Discussion
This design has been carried out on the FPGA development platform, and a show of real-time move object detection and tracking was used to verify the performance of the chip, which is now ready for tape-out. Mini scale but owing some biointelligence chip is good for decreasing space orbit robot weight. So the robot can pay more attention to executing other tasks.
IV. Conclusion and Prospective
Three-stages processing design approach is a new exploration. Multi-processor architecture, parallel algorithms and reconfigurable architecture for imaging processing are under consideration for next generation visual brain chip of higher performance. 
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