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Center for Neuromorphic Systems Engineering

I. Data collection:

· Case name: NSF Engineering Research Center for Neuromorphic Systems Engineering at California Institute of Technology

· Site visit:

	Date
	Interviewers
	Persons Interviewed

	8.1. 2000
	Juan Rogers

Jongwon Park
	Pietro Perona

Director, CNSE
Professor of Electrical Engineering

Tel: 626-395-4867
Fax: 626-795-8649
perona@vision.caltech.edu
Dean Shonfeld

Manager, Technology Transfer
Tel: 626-395-2246
Fax: 626-795-4765
dean1@erc.caltech.edu
Alcherio Martinoli

Postdoctoral Fellow and Lecturer

Tel: 626-359-2208

Fax: 626-585-8798

alcherio@micro.caltech.edu
Yu-Chong Tai

Associate Professor of Electrical Engineering

Tel: 626-395-8317
Fax: 626-584-9104
yctai@touch.micron.caltech.edu
Carolyn Merkel

Director, Student-Faculty Programs

Tel: 626-395-2886

merkel@its.caltech.edu 





II. Technical Focus and Center History:

The scientists and engineers at the Center for Neuromorphic Systems Engineering (CNSE) , established in 1986, are working to translate our understanding of biologic systems into a new class of electronic devices that imitate the ways animals sense and make sense of the world. 

Compared to digital devices, analog VLSI sensors that result from research at CNSE generally have lower power requirements, are more adaptable, are more easily miniaturized, and are lower in cost. The ultimate goal of CNSE researchers is to enable the machines of the future to sense, interact with, learn from, and adapt to their environment with a flexibility equivalent to that of living creatures.

The Center’s work is cross-fertilized by researchers in a wide variety of fields, including biology, electronics, fluid dynamics, optoelectronics, chemistry, neural networks, and physiology. Although the core research takes place at Caltech, we have close ties with investigators from other universities and many corporations.

The center’s goal is to create an enabling technology useful to industry. From the beginning, we have made sure that our research is relevant to industry, and we have shared the results of our research with our industrial partners. 
Because of the tremendous strategic potential of neuromorphic devices, a diverse and distinguished group of institutions has chosen to fund the Center's early work. The National Science Foundation provided most of the start-up funds. In short order, the NSF was joined by a number of companies, large and small. Additionally, the State of California made a strong initial contribution. In less than two years, several of the Center's research applications have been commercialized. We look forward to extending our research, broadening our educational activities, and deploying the results to industry.
III.       Magnitude:

· Number and names of participating institutions: California Institution of Technology, Boeing, Digital Persona, Intel, General Motors, Rockwell International, Honeywell, International Remote Imaging System

· Number of research staff: 11

· Number of postdoctoral fellows: 10


· Number of graduate students: 58

· Number of undergraduate students: 11

· Level of funding: about 3 million dollar per year

· Funding agencies: NSF, Defense Applied Research Projects Agency (DAPRA) and some companies mentioned above. 

IV. Outputs:

	Year
	Articles
	Patents

	1992
	25
	na

	1993
	26
	na

	1994
	33
	na

	1995
	40
	na

	1996
	33
	na

	1997
	28
	na

	1998
	26
	na

	1999
	26
	na

	2000
	32
	10


V. Impacts:
· Technical impacts:  Some main Technical impacts are Real-time Optical correlation System, Algorithms for pattern recognition, Neural networks architectures and algorithms, MEMS, Face detection and tracking algorithms, Vision chips for edge extraction, Holography in ferroelectric crystals.

· Relations with industry:  Collaborative interactions between the ERC and industry are vital to attaining the ERC goals. By providing knowledge gained from attempts to apply technology to commercial applications, industry helps uncover fundamental research issues that are appropriate for the ERC to pursue. In particular, this knowledge helps ERC researchers to identify the technological barriers to commercial application of neuromorphic technologies, and thus, to shape the ERC research programs accordingly. In return for their participation in the development of neuromorphic technologies, companies enjoy access to expertise in these technologies that can be applied to develop new neuromorphic devices and systems for the commercial market. The ERC’s strategy for industrial collaboration and technology transfer is two-tiered. The first tier is a long-term strategy to develop the technology infrastructure that will allow industry to readily design and build neuromorphic systems. This long-term strategy is targeted to revolutionary applications of neuromorphic technologies. These revolutionary changes will often involve startup and small companies which do not have the resources to make significant cash contributions to support the ERC programs in the short-term. In addition, large mature companies may have the ability to make cash contributions but are reluctant to incorporate unproven technologies. Thus, the ERC’s second tier strategy is to obtain the participation of larger companies by targeting evolutionary changes in existing commercial applications.  Now the ERC’s industry partners include Boeing, Honeywell, Intel, IRIS and Rockwell Intl.

· Education and outreach:  The education program in CNS includes Computation and Neural Systems, which is an interdisciplinary PhD program established at Caltech to study problems arising at the interface between neurobiology, electrical engineering, computer science, and physics, CNSE Student Organization, which is composed of students from the various research groups in the CNSE, as well as undergraduate and graduate students engaging in research related to Neuromorphic Systems Engineering. The center also provides research fellowships to deserving undergraduates through the SURF (Summer Undergraduate Research Fellowships) and MURF (Minority Undergraduate Research Fellowships).
