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Chapter 9: R&D for Information Technology
1.  
Introduction

India has reached a turning point in this era of Information technology. During the last ten years, the Indian software industry has consistently maintained an impressive growth. Indian engineers and scientists have been globally acclaimed for their contributions in this area and also for their entrepreneurial skills in this field. Indian Software companies have achieved remarkable success in the export of IT software and services in the enterprise segment. Most of the leading international players, especially in the area of VLSI design, have set up their design centres in India.  Some Indian companies have also made successful entry into global R&D services, which could be a stepping stone to develop world class products in the future. Encouraged by these developments, we have fixed for ourselves an export target of US$50 billion by the year 2008 for this sector. Even when the Software sector has done so well, there are some concerns that need our attention. These are:

· As our Software export industry has been mainly concentrating on services sector, the overall per-capita productivity is much lower as compared to the developed countries. 

· Even though the Indian professionals and the Indian software industry might have contributed to the development of Intellectual Property, very limited IPR is owned by the Indian industry.

· The IT services sector has been able to provide sustained growth over the last decade. This growth, however, cannot be sustained due to competition from other countries as well as limited availability of skilled manpower. Indian industry needs to take immediate steps to move up the value chain.

· The performance of the hardware industry has been below expectations. There has been miniscule investment in the hardware sector in the last decade and many hardware export units have failed to meet their targets. This may result in large imports in this sector.

History suggests that high quality of university education has enabled nations to achieve worldwide leadership in scholarship and research.  Germany founded its first modern university in Berlin in 1809 to acquire intellectual and scientific leadership.  United States of America, during the last quarter of 1Ninth century set up many new and distinctly American Universities.  These gained, after World War I, for USA the global leadership in scholarship & research.  In this context, it is noteworthy that Britain fell behind Germany and USA after being leader for about two hundred years because, around last quarter of 1Ninth century, it failed to modernize its education and research.  India both during freedom struggle and after gaining independence in 1947, despite lack of resources, established institutions of higher learning and research that have benefited India immensely.  Recognition of India in software is mainly due to the high quality of the institutions of higher learning & research.  Unfortunately, the number of research scholars in our premier institutions has started declining to alarmingly low levels. This is a matter of great concern and corrective measures need to be taken immediately if we want to remain competitive in this field which is knowledge intensive. New technologies coupled with current ones are expected to tilt global power equations in favour of those nations who adequately invest in human resource development as well as in Research & Development.

Amongst others, two new technologies i.e. nano-technology and genetic engineering (also called biotechnology) are expected to shape scientific and industrial revolution of 21st century.  Each of them would help in understanding and development of the other.  Information Technology (high end computing & communications) would also benefit from these technologies, which, alongwith mathematics, would play a crucial role in this revolution. Nano-technology promises to increase speed of computers as well as to increase memory storage per unit surface a thousand fold. Genetic Engineering, besides IT applications like DNA computing, promises to revolutionise agriculture by increasing crop yields to end world hunger & malnutrition. These will also have serious repercussions for national security. The revolution due to these technologies may become a reality in next 20 years, may be earlier. It is essential to keep a watch on such areas and initiate long-term research programs, with large government funding. 

The future is built on the foundations of present based on dreams and vision of tomorrow. The growth and new applications of current technologies and techniques such as microelectronics, Micro Electro Mechanical Systems (MEMS), photonics etc. are already increasing the performance of VLSI devices, computers and communications at an unbelievable pace.  Even in current technologies, India is far behind the developed world.  Wireless technologies and next generation Internet are areas of large growth potential. It is time to rejuvenate our existing R&D institutions and enable them to focus on selected technologies in their thrust areas. We need to initiate large projects around existing institutions, together with the industry, in order to develop this sector and become a player in defining global standards in these areas.

For India to retain the competitive advantage in the IT sector, it is necessary that in addition to continued support to the service sector, India prepares a strategy of generating its own IPR for moving up in the value chain. This would help us, not only to substantially surpass the export target, but also to build foundations for achieving sustained high growth in the future. For India to become an IT power, as it wants to be, it is necessary that an integrated approach that boosts the hardware and software sector, strengthens manufacturing and lays emphasis on education, research and development and generation of IPR is evolved and implemented. Further, for India to emerge as one of the leading nations, the industrial revolution likely to be ushered by the nano-scale technologies, and others, should not be allowed to bypass India.

In this report, only the issues of R&D have been addressed, which is essential for generating Intellectual Property required for achieving high growth and global leadership. The success in these areas depends heavily on the quality of human resource available for development and research. As Research and Development is not an end by itself, the benefits would depend on our policies and programmes for manufacturing, deployment and export. Industry has been requesting Government to streamline policy and procedures, so that the industry is able to focus their energies in the areas of their core-competence. This needs to be looked into in order to accelerate the growth of the Indian industry.

2.
Achievements during Ninth Plan


During the Ninth Five Year Plan, the country achieved significant success in many areas of IT and electronics, notably in software development and also in some of the strategic areas.  In the area of IT services, Indian industry has been able to create a niche of its own in global market.  However, the Hardware sector did not perform as well. The number of people employed in the IT sector increased significantly. Easing of visa restrictions by many countries also provided a large opportunity of employment in other countries.


The Indian Electronics industry has achieved a CAGR of 25% in production and 46% in exports during 1996-2001.


The production figures for the first four years of the Ninth Five Year Plan are shown in the table below:-

                                                                                                  (Rupees in crores)



Sector \ Year

1997-98
1998-99
1999-2000  
2000-01    
  
Hardware

22030

25250
   
28100
    
30940



Software

10040

15890
   
24350
    
37760
  

Total


32070

41140
   
52450
    
68700




The Indian software industry has achieved a remarkable growth not only in exports but also in the number of industries engaged in software exports. The penetration of computers as well as the communication infrastructure has improved significantly. 


At present, out of the total of 1180 R&D units registered with Department of Scientific and Industrial Research there are about 300 units in electronics & IT.


The present investment in the R&D within the country is not on par with rest of the world. About 30% of the total production of electronics and IT industry is from the major public sector industries which invest about 5 to 6 percent of their turnover on R&D.  Remaining 70% production is from the private sector industries which invest only a small fraction of their turnover on R&D.


Besides the public and private industry investment in the R&D there are a number of Central/State Government agencies like Ministry of Information Technology, Department of Atomic Energy, Department of Bio-Technology, Department of Ocean Development, Department of Science and Technology, Council of Scientific and Industrial Research, Defence Research and Development Organization, Indian Council of Agricultural Research, Indian Council of Medical Research, Indian Space Research Organization, University Grants Commission, and others which provide financial support for research and development at academic institutions, R&D laboratories, and industry both in public and private sector.  These agencies play a catalytic role in the scientific innovations, which accelerates the pace of development and creating infrastructure to enhance production capabilities in the country.  It is estimated that besides Department of Space, Atomic Energy and DRDO which have their own major programmes, other agencies invested about Rs.200 crores per year for the purpose of initiating programmes in the area of electronics and information technology. These programmes have been able to establish a technological base in the country besides generating specific products and equipment.  It has produced strong pockets of specialised expertise for major national projects and has also provided trained manpower to the industry.


The plan allocation for R&D for the last five years by MIT has been as follows:-

(Rs.in crores)
        97-98       98-99     99-2000  
2000-01      
R&D allocation
    
55
 
  70

 75
          85

Research and Development in emerging technological areas has always remained a  key activity of MIT and promotional efforts in electronics and IT have helped enormously in the laying of solid foundation in the IT industry. A major result of sponsored research has been the enhancement of technological base and capabilities in the country besides generating specific products and equipments. It has also produced strong pockets of specialized expertise which have been used as a spring board for launching major national projects, besides providing the much needed trained manpower, to man such national programmes. Major areas where significant success has been achieved, through sponsored R&D projects is highlighted below: 

R&D Promotion Through Sponsored Projects 

DOE since inception, has been supporting new initiatives in research, design, development and engineering related to various sectors of electronics & information technology i.e. computers, control and communications, broadcasting and entertainment electronics, photonics and micro-electronics, strategic electronics and materials & components for electronics. Such pro-active promotional efforts through DOE have led to the development of many technical programmes of national importance alongwith the development of a number of state of the art  products.  Some such initiatives during ninth plan are: Future Air Navigation System (FANS) programme in airport navigation led to the development of GPS and other airport modernization equipment for use by Civil Aviation Department. 

Design & Development of 'PARAM' series of Super Computers based on distributed memory architecture was a major initiative of DOE.  DOE contributed towards development of many metrological instruments including Cyclone Warning radar, radiosonde etc. and MST Radar  (Mesosphere, Stratosphere, Troposphere) which is a multi-agency project. This MST was third of its kind in the world. Various diagonostic and therapeutic instrument for cancer therapy were also developed. 

Under Fibre Optics Systems Application Promotion Programme (FOSAPP) development on projects such as Fibre Optics Railway Signaling System, fibre optic mux/demux system, fibre optic node controller, high speed bus links, fibre optic data and radio links, fibre optic remote terminal unit, fibre optics based monitoring and control instrumentation system and optical smart pressure transmitter was completed.

 
During the ninth plan, over 200 projects were initiated at al large number of institutes including industries, academic institutes and research labs  spread all over India. Some of the successful projects are given below: 

Technologies for E-Governance
Various E-governance  and E-commerce projects have been initiated by MIT.  VOICE, a versatile online information system to address the needs of citizens, civic administration and municipal corporation etc., has been successfully implemented in AP. Based on the success of this project, many State governments have initiated projects in the area of e-governance. 

Communication and Broadcasting 

Digital mobile radio to provide secure and reliable mobile communications with full duplex  voice or data with an option for encryption has been prototyped. A spread spectrum radio modem has been developed indigenously for various networking applications. UHF wireless data modems for high speed data communications have also been designed and developed.

Technology Development in Indian Languages (TDIL)

TDIL Programme is a vehicle to carry the benefits of Information Technology to the masses of the country and minimize the digital divide. This programme promotes the development of information processing tools to facilitate human machine interaction in Indian languages and to create and access multi-lingual knowledge resources. It also promotes the use of information processing tools for language studies and research. Indigenous R&D efforts in the following technology areas of Indian languages are being supported:


Knowledge Resources, Knowledge Tools , Translation Support Systems, Human Machine Interface Systems, Voice Recognition Systems, Text to Speech Systems, Localization – Adapting IT tools and solutions in Indian languages, Development of Computer Courseware in Hindi


The Ministry has also established thirteen Resource Centres for Indian Language Technology Solutions covering all the constitutional languages. 

Transportation & Safety
Vehicle tracking system project based on GPS has been taken up. Other projects in the transport sector include Port Management System and Automatic Vehicle Counting system which have applications in warehouses and in fleet management etc. Development of switched  reluctance motor, for use in pollution free electric automobiles has been completed.

Automation & Process Control
Robotics welding system for hazardous applications have been developed along-with a seam tracking system for weld automation. This is for high quality  welding  especially for pressure vessels, power plants and heat exchangers etc. An integrated monitoring system for Area Manager has been designed. Simulators to assist proactive shop floor control also have been developed. Retrofit automation for pulp,  paper, sugar , jute and tea, steel and textile industry has been completed.  Dyeing  systems  with  computerised  controls have been developed for textile industry. A computerised energy management system for steel plant has been developed.

Health and biotechnology
Significant progress has been made in the development of Telemedicine  networks for helping the rural area patients have quick access to the experts as well as the diagnostic  medical  database. Also hospital dis-infection  system for safe disposal and treatment of hospital waste has been developed.

Agro and Pural Applications
Various agro-instruments like fertilizer testing kit, soil and grain moisture indication instruments, soil nutrient measuring instrument, rice polish measurement system and multichannel choke indicator to optimise the seed spacing using a tractor have been developed. These instruments are simple to operate and can be productionised  at nominal costs. Also IT tools for watershed development have been developed alongwith irrigation canal control automation. Solar pumps for rural use also have been fabricated. 

Microelectronics & Photonics

In this area various semiconductor devices have been developed alongwith  manufacturing technologies to improve the yield of semiconductor devices. Other important results of R&D efforts in this area are development of Optical fibre, need specific detectors for high speed optical communications and optical receiver module etc.

Power Electronics
MIT jointly with BHEL, AP Transco and CPRI supported Phase-II of HVDC project. State-of-the-art digital control and protection system was designed indigenously. The supervisory control and data acquisition system is used at 1500MW HVDC project. Many sub-systems and devices like high power thyristor have been developed as a part of this project. 

Materials & Components
Barium carbonate for use in the manufacture of permanent magnets have been developed .  Also optical grade silicon tetrachloride and other MOS grade chemicals have been developed. High purity materials and alloys which are the basic building blocks of semiconductor technology have been developed. 

R&D Promotion through Societies
MIT has also set up several autonomous organizations like C-DAC, STQC, NCST, SAMEER, ERNET, ER&DCI, CEDTI etc., to address the requirements of different sectors of Information Technology in a focused manner. These organisations help the electronics industry by providing infrastructure, design, consultancy, training, and are actively involved in R&D activities in their specific areas. The role and achievements of these organisations is briefly described below:

Education and Research Network (ERNET)
ERNET was the first major network in India to cater to the requirements of Education and Research community. ERNET has been providing internet services to this community since 1990. Presently ERNET provides connectivity to over 750 organizations representing a mix of universities, R&D labs, NGOs and has over 80,000 users. ERNET is one of the most competitive network and Internet Service Provider in the country. ERNET collaborates with premier institutes in the country to undertake advanced research projects.

Centre for Development of Advanced Computing (C-DAC)

The Centre for Development of Advanced Computing (C-DAC), has, over the last over a decade of its existence, diversified its activities, transferring the expertise it acquired and technologies it developed for the development and deployment of information technology (IT) based solutions in Government, Corporate, Education and other key sectors of economy. It continued to provide focus on its R&D activities in the ara of high performance computing and communication (supercomputers) and multilingual multimedia information technologies. C-DAC also developed technologies and offered information technology (IT) based solutions in sectors of Telecommunication, Power, Healthcare, Finance, E-Governance, Networking and special projects for Government and Corporates.

The activities of C-DAC in the ninth plan include:

High Performance Computing and Communications (HPCC)

Using state-of-the-art commodity nodes with PARAM Net switch and suit of system software developed by C-DAC, a parallel system PARAM ANANT was built to provide cost effective computing power for educational sector. C-DAC has recently executed a project for installation of the parallel system PARAM 10000 with peak performance of 6.4 Gflops at selected 12 premier academic institutions in India.

Multilingual and Multimedia Information Technology

C-DAC has developed a number of products in multilingual and multimedia technologies. These tools address web applications like Internet messaging, chat, web content creation using dynamic fonts and interface to third party softwares in Indian languages. Software package for self-learning Hindi LILA received the CSI award for best shrink wrapped product. Newsroom Automation system and DVD authoring based on MPEG II were also developed. 


In the area of multimedia, Quick Multimedia  album and Multimedia Portal were developed and launched.

Sponsored projects

C-DAC took up projects in diverse areas of information technology sponsored by different Government Departments. Some of these are:

Digital library, elemedicine, E-Governance solutions, Sanskrit Rendering System, Machine Aided Translation System, GIS tools, Compact PCI based industrial PC system, Core Network Security Technology, Fault Tolerant System etc.

Education and Training

C-DAC has also been offering advanced courses in the areas of  (i) advanced computing (ii) VLSI design (iii) Multimedia etc. Over 15,000 students take-up these courses every year.

National Centre for Software Technology (NCST)
NCST, a premier R&D institution in software technology, operates as a centre for excellence in software technology and related computer science. NCST has developed its reputation as the National Laboratory for Software Technology. It has retained its R&D character and has expanded into education and training. As a part of the centre for excellence in virtual computing, a multimedia virtual environments laboratory has been created. A world class Virtual Reality (VR) application, created as a walkthrough of the Fatehpur Sikhri Monument has been demonstrated widely and has been well received around the world. Intel, which also donated some equipment for its laboratory, has included this application in its demo CD for showing 3D graphics power of its high end processors. This lab would be useful in the rapid implementation of multimedia and VR applications on low cost platforms, which have a wide installed base in the country. 

NCST’s significant achievement is development of Hindi Version of Windows 2000, which has been released by Microsoft Corporation, USA recently.

NCST is a consultant to several institutions, both government and private, in areas of e-commerce, wide area networking, financial services, education, and other sectors. NCST has been selected as one of the two operational centres of the Commonwealth Network for Information Technology for training and development. Several major corporate networks for India were designed by NCST.

NCST has developed software in the following  areas:

Intelligent Computing, Visual Computing, Internet Technology, Data and Knowledge Engineering, On-line Education & Testing, Localisation for use in Indian languages

Society for Applied Microwave Electronics Engineering and Research (SAMEER)
SAMEER, with three Centres at Mumbai, Chennai and Calcutta, is engaged in R&D in areas of microwave engineering and applied electromagnetics. Its thrust areas are microwave and RF applications in industry, instrumentation and health, linear accelerator technology, millimeterwave, electromagnetic compatibility, antennas, etc.  Important developmental projects has been undertaken in these areas including Hospital waste disinfection system.

In the radar-based instrumentation programme, SAMEER has taken up design and development of the Wind profiler and several other systems. SAMEER has contributed in development of national facilities like Mesosphere, Stratosphere and Troposphere (MST) Radar at Gadanki, Andhra Pradesh which is being used for atmospheric study. 

Electromagnetic Compatibility (EMC) metrology and consultancy is the major activity of SAMEER Chennai Centre. Apart from doing the testing and reliability services, this centre is also engaged in the research and development activities related to power electronics, information technology, process control, communication and medical electronics industry. Many technologies, especially in area of antennas, have been transferred to local industries.  

In communication engineering area SAMEER has designed, developed and commissioned dedicated Microwave Data Link System (MDLS) for strategic Applications;  Hardware for CDMA-based digital data link; powerline frequency magnetic field meter; broadband sleeve monopole antenna; whip antenna and printed antenna for Wireless Local Loop  system.  Sameer centres have been of help in providing domestic strategic solutions in areas where it is difficult to import the technology.

Electronics Research & Development Centre of India (ER&DCI)
Electronics Research & Development Centre of India (ER&DCI) has mandate to promote and establish modern, state-of-art, scientific research and  development in electronics and to design and develop electronics equipment and systems. ER&DCI is operational at three centres at Thiruvananthapuram, Kolkatta and Noida. ER&DC is also contributing in Human Resource Development in high-tech Software and Hardware Technology areas. Some of the technological developments include embedded JAVA controllers, System-on-chip products and networking hardware. ER&DC, Thiruvananthapuram has completed projects on the following areas:

Interactive set-top box, Digital mobile radio and TETRA, in the area of digital communications, Energy management systems, Process control, Traffic control, Hospital management, Health information systems and ASICs for monitoring and control

The Centre has also trained a large number of students through various courses and training programmes conducted by them.

The Kolkatta centre has developed Integrated System Development for Indian Coal mines leading to enhance production safety and management, Remote Data Access Technology and Industrial controllers. 

The Noida centre has developed software for computerisation of the registration, accreditation and examination records of over 200,000 students registered with DOEACC Society. The centre has also taken several projects in the area of Natural Language Processing, Transaction accounting for railways, cable modem, News room automation and others. 

New Initiatives

Media Lab Asia:  MIT in collaboration with Massachussets Institute of Technology, USA, has set up Media Lab Asia with an initial investment of RS.65 cores during the first year. The Media Lab Asia would address the issue of digital divide, IT for masses and would also fund development of futuristic technologies.

E-Commerce & Internet Security: In order to bring greater synergy amongst the activities/initiatives in the overlapping areas of e-commerce, IT Act and information security, an independent division was created in January, 2001. Besides being a proactive facilitator  this division provide single point interface to all the concerned agencies.

Telemedicine Programme:  Telemedicine technology for Radiology, Cardiology and Pathology is being developed for tele-diagnosis, tele-consultation (second opinion and consultations among experts) and tele-education to interconnect three referral hospitals namely, SGPGI, PGIMER and AIIMS. Telemedicine for diagnosis and monitoring of tropical diseases over low speed WAN for diseases such as leprosy, skin related diseases, etc. are being developed by IIT, Kharagpur and Webel Electronic Communication System, Kolkota. The system has been installed for carrying out system testing.

IT Application for visually handicapped:  Under Jai Vigyan National S&T mission, a programme has been initiated for Braille Literacy in Indian languages. The objective of the project is to develop infrastructure to facilitate rapid development and dissemination of educational material and information for the visually impaired with the help of IT.

E-Internet based distance education:  To promote internet based distance education, various projects have been initiated by MIT, i.e. virtual campus at IGNOU, on-line interactive courseware – IIT Delhi, multimedia based courseware - BITS, Pilani, National Resource Centre for online learning – NCST, Mumbai.

IT for watershed development:  Design and development of software for planning and management of different types of watersheds in rural areas. The software package has been successfully developed, the user guidelines have been finalized. Arrangements is being made to provide initial training to all concerned users in field data collection, monitoring, and network utility of software and application for watershed. The package is proposed to be distributed to watershed planners and designers at a reasonable price by PROGRESS.

IT for masses:  MIT is working towards promotion of IT application for masses. The efforts are focused towards local language issues, digital divide and to bring IT benefits to rural masses.

Course in Cyber-law:  In order to increase awareness among attorney’s, judges, police etc., a PG Diploma Course on cyber law and Intellectual Property Rights. This nine month PG Diploma course has been sponsored at Indian Law Institute, New Delhi. The course is also proposed to be developed in a form of multi-media for larger dissemination.
3.  
Objectives / Aims of  Tenth Plan

India is a member country of World Trade Organization and we are required to implement its industrial and trade liberalization policies. In the liberalized scenario, it has become imperative for us to develop technologies, products and services of international quality to remain competitive. We also need to strategize to become a global leader at least in some selected fields. Research and Development is the only way for us to meet this challenge.  However, we have to be careful not to fritter away our scarce financial and human resources by trying to tackle all areas.  The study team deliberated on various approaches.  The broad consensus was that for India to become a leading global player, it is necessary that we, in the long term, focus on key emerging technologies such as nano-technologies which are expected to be all pervasive and would impact everything. In the medium-term we should focus on current technologies such as Wireless technologies, Next Generation Internet etc., which have mass deployment potential and would create necessary infrastructure for achieving accelerated growth. This would also enable us to apply these technologies for development of new applications and to upgrade them at a much lower cost as compared to imported technologies. This would also enable India to become a global supplier of these equipment and services. The study team was also of the view that the Government R&D should enhance its focus on large and complex projects. Keeping this broad picture in view, objectives/aims have been arrived at.

Statement of Objectives/Aims

· To establish leadership in research in the area of nano-scale technologies and harness its benefits in some selected areas.

· To become a major supplier of products and services in the area of Wireless and internet technologies and others. 

· To strengthen R&D infrastructure in academic institutions to enable them to carry out research in frontier areas of technology & applications and for training research manpower for helping the Indian industry in moving up the value chain.

Achievements 
The expected achievements upto 2010 in respect of objectives as given above are:

· Nano-technology being a nascent area of research is not sufficiently understood.  It is expected to take longer than Tenth plan period before major commercial applications are developed and deployed. It is not expected to be deployed commercially in a major way during the next five years. The anticipated achievements during the Tenth Plan are as follows:

· Required institutional framework would be set up. 

· Research projects and associated institutions would be identified, required infrastructure would be set up and research would start and progress 

· Collaborative research needs with foreign institutions & laboratories would be identified and implementation would start

· Products / applications, at par with the developed world, would start coming out of our own laboratories. 

· Current technologies are reasonably well understood but the availability of trained manpower is inadequate. The anticipated achievements during the tenth plan are as under:

· Manpower development programs would be initiated to train adequate manpower for taking up design work in the areas of selected mission mode/major projects.

· Research and Development work would start and some projects would be completed. 

· By 2010, the product development and field trials would be completed. Manufacturing and deployment would also start. The impact in terms of improvement of services through locally developed products would also be visible.

· The initiative would enable business ventures through Technology Start-ups which would help in increasing the Share of Value added products in the area of IT.

Indian R&D is expected to be at par with the developed world in select fields provided required investments are made in time.

4. 
R&D Model for Growth of Technology

Governments support research and development for strategic reasons as well as to enhance the competitiveness of their industry. As different technologies are at different levels of development and the level of commercial exploitation of these technologies varies significantly, the governments also support futuristic technologies requiring large investments and involving high risk. 

Industry takes up development mainly in such technology areas that are clearly understood and a significant effort is towards making the product more reliable, user friendly, easy to produce at low cost. 

The educational and research institutions are interested to take up challenging research issues and technologies that are not very clearly understood. The fund requirements as well as the time to develop are different for these classes.

Additionally for technologies that are not clearly understood, a long term R&D strategy with the clear focus is essential. Such work can be best done by centres working in specific areas and supporting them with long term funding to ensure continuity of work during the entire life cycle of research. 

Based on the above requirements there is a need for categorization of R&D for funding appropriate solutions. R&D models can be designed based on the (i) strategic value (ii) gestation period (iii) Technology risk (iv) investments required (v) immediate commercial potential etc.  

Categorization of R&D Programs

Different technologies are at different stages of development and commercialization. Some of these are futuristic and their theoretical and practical investigations are at nascent stage.  In such cases, benefits are uncertain; gestation periods could be long in the range of 10-20 years or more and, therefore, investments risky.  Due to these reasons, research in these technologies, even in the developed countries is conducted by universities and R&D laboratories with major funding support provided by the governments. Some programs of strategic nature could also be included in this category. Research and development on these technologies have been categorised as ‘Long term R&D Programmes’.  

After years of research, some of these technologies are understood to a large degree and are being utilised for design and development of new applications and also for improving the performance of existing applications at reduced cost. The gestation period for development in these technologies is relatively small and development is less risky. Research and development in such technologies, as well as development of new applications, is generally funded both by governments and by private enterprises in their field(s) of business. In many such areas, where commercial exploitation is possible on a large scale, availability of trained manpower in adequate numbers is also an issue that may need to be addressed. The programmes in such areas could be large and complex and may also involve substantial effort in human resource development, research as well as in design of both hardware and software. Duration of projects and programmes could vary between two to five years, depending upon the complexity. This category has been termed as ‘Medium-Term R&D Programme’. 

For technologies that are well understood, the R&D projects would generally be for development of new products, and for improvement and innovation in existing products with duration of 1-3 years. Narrowly focused research in technologies and their applications having business opportunity could also be included in this category. In this sector, the role of private sector needs to be encouraged and increased. Such programmes have been categoriesd as ‘Short-term R&D Programme’.

The above programs would generally have a focus, and substantial funding should be given in these areas. This would also enhance the chances of success.

The last category of R&D projects can be categorised as ‘Free Wheeling R&D Programmes’ These programmes would involve research or investigations of new ideas / approaches, algorithms and would generally be done at academic institutions or R&D laboratories. These programs would be based on professional competence and interest of the groups involved, and would spread across a broad spectrum. 

In addition to supporting the above programs, there is a need to provide funding to enhance the competitiveness of the Indian industry as well as to help the industry in moving up the value chain. These are described in the subsequent section.

Funding Mechanism

The R&D model as well as funding mechanism should also address the following issues: 

· India is an emerging global power from the third world and it has to protect itself against technology denial in strategic areas.

· India has excellent academic / research institutions for industrial research but the commercialization of technologies by these institutions is weak. 

· Even in the software export sector, where the Indian industry has demonstrated success, the Indian industry is working at the low end of spectrum. Steps are required to help the industry in moving up the value chain. 

· India is rich in intellectual resource but short of capital and infrastructure.

· Innovation and development is essential for the survival of the Indian industry, especially for SMEs. It needs to be supported.

· The ownership of commercially potent technologies will decide the global economic order. 

The following R&D funding methodology is suggested for different categories of projects described above. In each of the models of funding, some technology areas have been used as an example to illustrate the point.  A detailed list of areas is given under Major Thrust Areas & Mission Oriented Project. The list would require to be reviewed on a yearly basis to include additional areas as they emerge. Additionally, major programmes will need to be identified, at least one in each application area by concerned expert groups.

Funding for Long-term R&D projects

Nano-technology and genetic engineering are examples of areas that fall in this category.  These technologies may take between 10-25 years before we reach a level of substantial understanding to develop applications. However, success could be much nearer, especially for IT applications. In August, 2001,  IBM researchers announced that they have created the world’s first logic circuit , an inverter, within a single molecule.  The same team had earlier developed a new technique to produce arrays of carbon nano-tube transistors, bypassing the need to separate metallic and semi-conducting nano-tubes. These successes demonstrate the commercial potential of the technology. In a way, this seems similar to the invention of transistor and then the development of integrated circuit which enabled the IT revolution of today.

When India, after attaining freedom, started its nuclear technology and space technology development programmes, these may have appeared as in- comprehensible and remote as nano-technology and genetic engineering may appear today. Programmes of this nature require continuity and focus over a prolonged period, which can be best done by setting up independent organisations on the lines of Indian Space Research Organisation with full powers and responsibility to conduct in-house research and to develop applications and also to fund research at other centres working in this area. The research in these technologies would involve all branches of engineering and science including biological science and mathematics.  The government should also simultaneously create interdisciplinary centres, as required, in leading technical institutions such as IITs, IISc etc. 

However, as the resource requirement as well as the impact of these technologies would be very large, government may set up a committee for working out the full details for launching a few such programmes during the Tenth plan.

Funding for medium-term R&D
As explained earlier, the areas covered under medium-term R&D funding are understood to a sufficient degree and are being utilised for design and development of new applications and also for improvement of performance of existing applications at reduced cost.  These technologies are also being further developed through R&D. Some of the technologies in this category would include MEMs, wireless technologies, Photonics, high-end computing, microelectronics, robotics etc.  The present trend is to develop process and techniques to utilise these technologies and their combinations to achieve higher performance.  For example, photonics and microelectronics are being used together to improve performance of VLSI devices.  The combination of microelectronics, photonics and MEMs are being used to improve wide-band communications.   Wireless technologies are being used to make communications accessible all the time and everywhere. 

The setting up of facilities for fabrication of devices based on these technologies require large investments, of the order of a few billion dollars.  However, as design of these devices can be done without having fabrication facilities in the country, India can become a design house for the world in these areas. Application of these technologies would also generate large requirement for software development.

In some areas included under medium-term R&D, where the commercial potential is large, simultaneous attention will have to be paid to (i) Human Resource Development (ii) Research funding as well as funding for development of products.  Provision will also have to be kept for pilot production and deployment.

Ministry of Information Technology had set up several autonomous organizations like C-DOT, NIC, C-DAC, STQC, NCST, SAMEER, ERNET, ER&DCI, CEDTI etc., to address the requirements of different sectors of Information Technology in a focussed manner. These institutions could act as lead agencies for taking up medium term projects in their focussed areas. The lead agency should take up research & development, field trials and should represent India in international forums for development of standards. This agency should also facilitate technology transfer as well as test deployment of applications and packages.

With the growing complexity of projects, it is not possible for a single agency to develop know-how on all aspects of the project. The concept of subcontracted research with system integration should be encouraged. This would help in developing system integration expertise and help in quick design of products.

The study team, after deliberations, felt that India should focus its R&D efforts in the medium term on:

· Major projects/programmes in application areas such as Next Generation Internet, 4G Wireless technologies, etc.  These technologies are under development in the developed world and major programmes have been initiated by different countries in the area of wireless technologies, and others. These areas are expected to have a large demand in the near future. Even though the technology is reasonably well understood, the availability of trained manpower is highly inadequate. The programme should also include components for generating adequate human resource in these areas. Simultaneously, research grants as well as grants for product development will have to be provided to academic/research institutions as well as to the industry. Since such programmes would involve design and development of both hardware and software and would address major market segment, it has the potential to enable India to become a global player.

· Development of advanced computers at par with the best in the world.  The high-end computing being enabling technology for conducting research & development in almost every field is both crucial and essential. With the improvement of telecom infrastructure, it would be possible to use the idle computing power in the network. “Grid computing” is an area that needs to be focussed. 

Funding for short-term R&D
Short-term R&D is generally for improving products and/or reducing their cost. For such purposes, Government should provide partial funding for projects related to cost reduction / improvement in design and full funding for research projects.  

Funding for free wheeling R&D projects
These projects are meant to facilitate fertilization of new ideas. The projects in this category would generally be based on strong institutional competencies. The project duration for this category should generally not be more than three years. The funding could be given in any area of Information Technology.

Other Modes of Funding
In addition to funding the projects in the above four categories, the R&D funding should also be given for the following:

· Developing “Indian solutions for Indian requirements”. 

· Funding to industry to enhance their competitiveness

Medium term as well as short-term projects need to be funded by the Government for such requirements. This would also help the Indian industry in deploying similar solutions, especially in the third world countries. In such cases, the extent of Government support could be limited to 50%. The IPR can be shared between the Government and the industry and industry would pay royalties on sale of goods / technology. In areas where the expected benefits are very large, full funding of projects could also be considered. 

However, the technologies which are commercially attractive in short-term and do not require high investment, beyond reach of private sector, should not be funded by Government.

Setting up R&D Cooperatives

On a global scale, Indian companies are small in size. Individually, these companies, especially small and medium scale enterprises (SMEs), are not in a position to set up their own in-house R&D infrastructure. The SMEs are also at a disadvantage as they cannot attract and retain high quality manpower. Creation of a common infrastructure that can be used for R&D by a class of industries would make it affordable for these industries to carry out their R&D. The Government of India could support the initial infrastructure and the subsequent upgrades can be managed by funding from the user industry. In such an infrastructure, it would also be possible to engage technical consultants for helping the industry.

Creating national incubation network


 Even though the Indian industry has done well in the software and services export sector, the productivity per person per year in India is an order of magnitude less than Ireland, Israel and other advanced countries. With the anticipated competition in the Software services from China, Philippines, and others, it is necessary to deploy R&D as a means of Moving Up the Value Chain. Supporting technology incubation at leading technical institutions was suggested as a step in this direction.

It was suggested to create a national incubation network for encouraging technology start-ups and thereby facilitating the Indian industry to move up in the value chain. 

Facilitating Technology Transfer and Patents

There is a large likelihood of commercialising the technologies funded under the medium-term R&D. A conducive policy framework needs to be created so that the faculty and researchers at academic / research institutions are able to set up their own industry, while in service. Technology transfer from R&D institutions to the industry needs to be encouraged. A reasonable portion of earnings from technology transfer should be shared with the inventors. In order to encourage the development and filing of Patents, the fees for filing international patents should be borne by the Government, on merit.

Implementation Approach For Mission Projects 

The study team was of the view that the Government should encourage locally developed technologies by becoming the first buyer for such technologies. The condition of proven technology clause for domestic bidders, based on indigenous technologies, may be relaxed, particularly for major Government procurement.

Based on these discussions, approach for few enabling technologies  / mission oriented projects having large scale deployment potential was discussed as under:

For Next Generation Internet

Government institutions such as NIC, ERNET have long experience in the field of data communications. They also manage national data communication networks and have the necessary manpower for R&D. These institutions can easily gear up for taking up R&D in the field of Next Generation Internet (NGI). As they have their own network, they would also have the advantage of trying out their technologies / products on their own network. Internet is likely to remain the application driver for many applications and NGI will have large commercial potential in the near future.

For high-end computing
A national committee of experts (NCE) on super computing can draw technical specifications and suggests time frame for completion. CDAC can be nominated as ‘The Agency’ to take up development as per the specifications. In order to have shorter time of development and reduce cost, CDAC should subcontract research and development of hardware, software and application development, wherever possible, to any agency in India and for critical parts anywhere in the world.

Government should purchase first few machines to be installed at leading academic and R&D centres.  These could be linked using Next Generation Internet developed indigenously.

The project should be completed within the Tenth Plan period.

Similar methodology could be used for other medium term projects.

Modified R&D approach at academic institutions

Availability of highly educated human resource is a pre-requisite for taking up research and development. Government should follow a policy to ensure availability of best faculty at educational institutions and encourage best students to take up research and teaching. Due to lack of comparative remuneration vis-à-vis private industry and near absence of research in frontier areas, young people are not getting attracted towards higher studies and for taking up teaching / research jobs in academic Institutions and R&D laboratories.  In the long term, this will hinder India’s dream / vision to become a major shareholder in the global economy. This calls for a policy change and large resource allocation to address these issues.  Some of the suggestions are as follows:

· Enhance junior research fellowship for full-time research scholars to a level of starting salary of Group ‘A’ officers.

· In order to motivate the faculty to take up industrial R&D as well as to set up technology start-ups, many leading institutions like IISc & IITs are formulating policy changes to allow faculty to start their own companies while in service. Such policies should be applied at all Government institutions.

· For the Government funded projects, the project investigators should be encouraged to commercialize the technologies developed by them by offering them incentives.  Sharing of the royalties / know-how transfer charges with the project investigators in the form of cash or equity along with sharing intellectual property rights could be one such method.  This will also enhance the effectiveness of government R&D funding.
Strategies for absorption & upgradation of technology

Countries, such as Japan, have become technology leaders in many areas because of their technology absorption and upgradation strategy. Even  though India has acquired many technologies in the past, its success in technology absorption and upgradation has been low. The following suggestions are given in this regard:

· Every importer of technology is required to pay a 5% cess for TDB, which is managed by DST. Sector-wise database of imported technologies, along-with the names and addresses of technology importers should be maintained in a web-site for public knowledge. This would facilitate interaction between technology developers and importers.

· Based on this database, MIT and other agencies could fund projects for technology absorption / upgradation. For this purpose, the funds collected as cess from import of technologies in the IT sector should be transferred to MIT

· MIT should institute an award for technology absorption / upgradation in the area of IT.

Major Thrust Areas & Mission Oriented Projects


Electronics and IT is an all pervasive technology and it impacts development in all areas. Ideally, a nation of our size should have activities in all areas, however due to limited availability of resources, the study team suggested the following thrust areas & mission oriented projects. However the conclusion was that each division of MIT should identify one major result oriented project for the Tenth Plan. The Study team suggested that this list should be reviewed periodically. 

Thrust Areas

· Assitive technologies for disabled

· Bioelements for computing

· Bio-informatics

· Blue Tooth Technology

· Capital Goods

· Communications Systems/Networking

· Crime Identification System

· Digital Compression Technologies

· Digital Signal Processing

· Disaster Management System

· E-Commerce

· E-Governance

· E-learning

· Embedded System

· Evolutionary Systems

· Future Air Navigation Systems

· GIS

· High-end computing, Grid / Genetic / Neural / Quantum / Soft - computing

· Human Computer Interface

· Image Processing

· Information security

· Intelligent Manufacturing Systems (IMS)

· Intelligent Materials

· IT for masses e.g. literacy mission, telemedicine, agri-insystems, web based education & training

· Large Database

· Low cost Internet access devices

· Low cost PC

· Mathematical Modeling

· Microelectro mechanical Systems (MEMs)

· Microelectronics

· Multimedia

· Nanoscale technologies

· Next Generation Internet

· Photonics

· Power Electronics, Distribution and Management

· Smart Card

· Speech recognition synthesis in Indian Languages

· Strategic applications for defense

· Virtual Reality

· VLSI Design & related Software, Silicon on Chip, IP Cores

· Voice on Internet

· Wireless technologies

· X-Rays/Explosive/Narcotic detectors and other Sensors
Selected Areas for creating centres of Excellence

· Nanoscale technologies

· Communications Systems and Networking

· Multimedia

· Signal and Image Processing

· Speech recognition & synthesis for Indian languages 

Mission Oriented Projects

· High-end computing

· Next Generation Internet

· Wireless technologies


Some of these areas were discussed in greater detail and based on that a brief sketch of these missions  is given below:

High end computing


With the advent of new applications  in  areas such as Bio-Informatics, Genetic Engineering, Multimedia content generation etc.  the need for high performance  computing is being emphasized the world over.  A vision where shared computing power could be used  to generate terascale of computing power is being conceptualized. Grid computing  harnesses the computing power of  resources available in a global, location  independent namespace. Grid computing  enables  flexibility to integrate  the technological advances in various areas (processor, network etc.)  protects the investment  in resources such as data resources, computing resources as well as software packages, dynamic deployment of resources ensures flexibility  and scalability. This model of high performance computing is highly relevant for India where the number of  high end computers is small but the collective power  of  computers  connected over the network is increasing.  A reliable, high-speed  communication infrastructure is also likely to be available soon.  In the area of  High end computing ,grid computing  should  be a thrust area to enable computing power  in  terascale  for deployment in areas  of  high computing requirements.

Wireless Technologies 


  Wireless Technologies, due to their advantages of mobility, ease of inter-connection, expandability, scalability and cost effective access are gaining prominence all over the world.  Some of the main areas of research in the wireless technologies are the mobile communication, wireless computing, data and voice integration, wireless lan etc.  Wireless technology is also likely to play a catalytic role in faster penetration of Internet in the country and will facilitate convergence of services.  As a byproduct, this initiative would provide a phillip to developments in 3G and 2.5G wireless technologies and services.  India, with its poor communication infrastructure and requirements for connecting up remote areas where connection through wires are costly and inconvenient, stands to gain a lot from the deployment of wireless technology.  The envisaged growth worldwide in various wireless technologies such as mobile wireless systems, broadband wireless market, short range wireless market are predicted to be enomorous.


A Roadmap study on “Wireless Networking and New Generation Access Devices/Terminals” has been done.  The roadmap suggests at creating an enabling framework in which select Research and Development institutions and private industries can participate in the joint development and creation of Wireless Communication designs and products, new applications and services with which India Inc can capture $3 Billion world market.

It further aims at creating human resource in this area.  The roadmap proposes an investment outlay of Rs.360 crores over a period of three years.

Smart card Initiative 


Smart cards are gaining pre-eminence as the  ultimate portable and network personal computers of today. With the growth of e-commerce , card based personal systems will remain the most common online payment method. Businesses and countries that do not use these technologies are unlikely to capture global markets. With the availability of  better security technologies and lower costs, smart cards have the potential  for use in many applications such as the banking,retail payments, internet payments, vehicle registration, citizen ID, e-governance, driving license , health records etc. Deployment of smart card in welfare schemes  such as public   distribution systems   would ensure  timely and efficient delivery of benefits to  the target groups.  Smart cards  are likely to be deployed  in  major way over  the next 2-3 years.  There is a large market for  smart  cards in India and   an integrated approach  for widespread deployment of smart cards   and  evolving interoperability  standards  is being conjectured with active participation from major user departments , financial institutions and industry. Government should support   the smart card  initiative  by providing  test beds,  development of pilot applications  and providing infrastructural support   for initial take-off.  Early deployment of Smart Cards in India would also provide the Indian industry, an opportunity to develop products and applications which can also be deployed in other countries.

Technologies for E-Commerce and Info-security

Technologies for E-Commerce, Info-security and Protecting IPR have taken the central stage for development and deployment for the entire growth of broadband services and customers’ trust in terms of acceptability depend upon these directions.  Cryptography (Encryption and Digital Signature), Public Key Infrastructure, Smart Cards, Biometrics and Digital Rights Management are the five core areas where Technology Developments, Applications & Standards need to be progressed in a holistic way.  The government could earmark Rs.300 crores for these activities during the Tenth Five Year Plan which would include a Research Centre in Information Security and implementing a critical info-infrastructure protection plan.

Moving up the value chain: Framework for National Incubation Network

The success of Indian software industry in the last decade is mainly due to achievements in the area of IT software and services.  In the face of current global slow down and potential threat of competition from countries like China, especially in the software service sector, it has become essential for India to devise strategies for moving-up the value chain.  This will be essential in order to maintain the growth rate in the area of Software Exports.  International experience has shown that many new and innovative products have been designed by technology start-ups, which provide major value enhancement to the IT sector. Many countries are providing incubation support to technology start-ups in order to create successful ventures in the area of IT.  Technology incubators give fledgling entrepreneurs opportunities to develop their innovative ideas and set-up new businesses in order to commercialize them.  Chances of success of start-ups have been generally higher when incubators have been spawned in the university and research environments, which are repositories of knowledge and innovative ideas.  

Many leading institutions in India are contemplating liberalizing the policy framework to encourage industry - academic interaction in order to facilitate technology start-ups in their institutions.  Substantial support is needed to accelerate the process, especially in the IT sector, where the infrastructure requirements are small and India has comparative strengths.   This will, in the long run, also help India to sustain high growth rates through value added products and thereby counter the competition threat from countries like China, Philippines and others in the area of software services sector.

 The technology incubators will have to provide (i) physical premises, (ii) professional guidance, (iii) administrative support and legal assistance as well as organize financial resources.  In the first phase the network will cover 5 to 6 premier institutions like IITs, IISC etc.  Based on the experience gained, more institutions will be added in phase.

International R&D Cooperation 

International R&D cooperation needs to be utilized more effectively, especially in the areas where long-term and medium-term research programs are supported. India should seek international cooperation in these areas, based on the strength of cooperating countries, institutions, research labs or Industries. A committee headed by leading S&T person should identify possible collaborators and evolve terms of collaboration and suitable mechanism for streamlined implementation.

Mechanism for synergisation / cooperation


Successful research is an outcome of human endeavor.  Looking at history of research, it is obvious that different researchers/research groups have found different solutions to the same problems.  Further, one specific group has never found all solutions of a particular area.  Therefore, duplication of research should be promoted on selective basis.  However, large scale duplication need to be avoided due to limited resources. This could be done by having representatives of concerned departments / Ministries as Members in the committees which consider funding of new projects. Additionally, each funding agency should post information on projects funded by them on their web-site. Linkages to other web-sites providing this information should also be provided.

The IT Task force had also deliberated on this issue and had suggested creation of a High Level Institutional Framework to coordinate and focus IT R&D efforts in the country alongwith related action plan. 

Model for patenting IPR

The competitiveness in the electronics and IT industry is determined by the ability to innovate and put new products with improved features at a lower cost in the shortest possible time. Since it is difficult for any small and medium enterprise to have in-house expertise in all areas, it has to depend on using the intellectual property of others in order to reduce the time to market. In the WTO regime, each country is required to adhere to some minimum standards for protection of intellectual property by the member countries. India is a signatory to the Agreement on Trade Related aspects of Intellectual Property rights (TRIPS). In this context, the intellectual property is recognised as a wealth which can be licensed / assigned again and again to reach the customers globally. 

India, having core competency in the area of R&D, can try and position itself as the global design destination in the area of IT. As of now, India does not own much Intellectual Property and Indian researchers and industry, specially SMEs, are not fully aware of the implications of IPR. It is seen that the number of US patents granted to India in all fields in the last 23 years is less than .05% of total patents. For India to take advantage of this opportunity our researchers need to be aware about IPR issues.

Following activities need special focus:

IPR Awareness: The knowledge of national and international IPR is very important for developers and researchers as well as for development and retention of market share by the companies. Lack of knowledge in this area can lead to expensive duplication of work which would not result into intellectual property and the products developed through these technologies cannot be commercially exploited in international markets. It is necessary to enhance the awareness of IPR amongst researchers and the industry. The awareness building can begin by introduction of courses in leading technical and scientific institutions and frequent public events.

IPR Training: Specialized training is essential at various levels to tackle IPR related issues. Some of the select target groups include: software developers, multimedia creators, technology creators and assessors, legal professionals, industry and educational managers etc. 

Strengthening Patent Search: Facilities have to be created / strengthened to facilitate easy, upto-date patent search and utilization in the area of IT and electronics. In this context, the prior art database which has information not only about software patents granted globally but also about all documented and undocumented prior art literature needs to be created. All creativity needs facilitation for IPR protection in the country and abroad.

Promotion of indigenous patents: R&D funding may be provided to promote indigenous patents.

Licensing and use of foreign patents: In order to enhance the competitiveness of technologies developed locally, provision may be kept to support licensing of national / international patents and other IPR. 
Policy issues: Protecting IPR internationally is an expensive proposition in the Indian context. In order to motivate the industries for filing patents, it may be necessary to look at policy issues and treat the expenditure towards procuring and filing patents at par with expenditure on R&D. The taxation on licensing fee / sale, both nationally and internationally should be exempted from Income Tax upto the year 2010 as has been done for software exports. 

Government also needs to improve the patenting infrastructure and the availability of legal and technical experts for providing patenting services. The Indian legal system at present is inadequately equipped to handle highly techno- legal cases in the area of patents. Even in the US, which has a well established infrastructure and a large number of patent examiners, many patents are challenged. 

It is necessary to strengthen the IPR cell of MIT to facilitate the above activities. It is estimated that a sum of Rs.21 crores  will be required for this purpose. 

Measures to raise R&D funds


In case of development of hardware, the problems of R&D are linked with the cost of manufacturing in India vis-à-vis cost of imported items. Manufacturing companies would spend on R&D only when manufacturing in India is profitable as compared to imported products. It is, therefore, necessary to correct the anomalies to promote the manufacturing sector. 

In case of software where government has given tax incentive, infrastructure investments are not high and R&D in India is cost & quality competitive, some software companies have started doing R&D for their foreign clients. A similar support is required for encouraging Hardware development and for creation of IP through R&D. 

Strategies for Indian R&D in Electronics & Information Technology to  emerge on global platform

This report has been prepared keeping this goal as one of the key parameter. As R&D is a step by step process, a long term vision for R&D and a sustained support on all aspects is essential for Indian R&D to emerge on global platform. As Research and Development is not an end by itself, a sound manufacturing and deployment policy is essential for sustained R&D support.
Additional facilities for calibration & Testing


Additional facilities under new schemes required to be created for testing, certification and calibration in the areas of Cable TV, software testing, IT security, Blue Tooth technology products, Smart Cards etc. under STQC at a total cost of Rs.50 crores have been proposed.

5. 
Fund Requirements


In order to remain competitive in IT sector, the industry needs to spend a minimum of  5% of its turnover in R&D. Based on this, the total R&D investment would work out to Rs. 3400 crores per year in the area of IT. Assuming that the industry contribution would be about 80% of the total investment, as in advanced countries, the total financial support required from the Government for supporting R&D in the IT sector would come to Rs. 680 crores for the current year. Taking this as a base figure, the total requirement for the tenth plan period would be Rs 3,400 crores.
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