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6. Present Professional Activities
· Working for development of India’s first earthquake early warning system

· Development of computer software using digital signal processing techniques for processing of strong motion earthquake data.

· Search for attributes of Earthquake Early Warning (EEW) System and development of algorithm for EEW.

· Seismic qualification of Electrical Equipment on shake table for design earthquake. These equipment are subsequently installed at important projects like Nuclear Power Plants  after successful testing (about 35 testings/reports).

· Development of software for system identification using test data of shake table tests on the systems.

7. Teaching

· Taught courses on Introduction to Earthquake Engineering, Theory of Vibrations, Solid Mechanics, Instrumentation, Model analysis, Digital  Signal  Processing and   Numerical Analysis at various undergraduate and post-graduate levels.   

· Have  lectured  as  an  invited  lecturer  for  various specialist courses for practicing engineers and scientists.

· Co~ordinated specialist courses for engineers and scientists of different organisations like Nuclear Power Corporation, IMD, DST etc..

8. Laboratory Developed

· Shake  Table  Laboratory comprising of 20 ton payload biaxial earthquake simulator

· Strong motion data processing laboratory

· Small shake table at CoEDMM and at DEQ
9. Awards and Posts Held in Important Bodies

· Convener, Subcommittee of CED 39 for revision of IS4967 -1968 “Recommendations for Seismic Instrumentation for River Valley Projects” of Bureau of Indian Standards (BIS)
· Member, Earthquake Engineering Sectional Committee CED 39 of BIS
· Member, Working Group of CED 39 for Revision of Recommended Response Spectra of IS1893
· Member, Mechanical Vibration and Shock Sectional Committee MED 28 of BIS.

· Received Khosla award of University of Roorkee for the year 1992 for a research paper entitled "The Effect of Band limited interpolation of nonuniform Samples on Records of Analog Accelerographs" (authored with Basu,S. and Chandra, B.)  

· Honorary Secretary, Indian Society of Earthquake Technology for 1993-95.

10. Sponsored Research and Consultancy Projects: 
· Completed / Ongoing about 20 research projects with outlay of approximately Rupees 28 crores

· Completed / ongoing about 80 consultancy projects with outlay of approximately Rupees 3.3crores.

11. Guidance of PhD and MTech students
· PhD Students -- Awarded: 6,  Submitted: 1, In Progress: 5 
· MTech Students – Awarded:  32, In progress: 2
 12. Important contributions

As given in Annexure I
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ANNEXURE-I

SIGNIFICANT CONTRIBUTIONS

1. Since 1976, working for development of strong motion instrumentation network in India. Formulated, negotiated and received several strong motion projects from Department of Science and Technology (DST), World Bank, Tehri Hydro Development Corporation and other river valley projects. These efforts have significantly contributed in making Department of Earthquake Engineering, IIT Roorkee as the nodal agency of strong motion instrumentation in India and abroad.

2. Almost all major earthquakes that have struck our country after early 80’s have been recorded by this instrumentation. These records have created an extremely important data base which has been widely used by engineers and scientists for research and application in the field of earthquake engineering and seismology.

3. Above efforts have resulted into award to IIT Roorkee, a most prestigious mission mode project of Department of Science and Technology (now with Ministry of Earth Sciences). In this project 
4. named as “National Strong Motion Instrumentation Network”, we developed a network of 300 digital strong motion accelerographs covering area of seismic zone IV, V and some densely populated cities of zone III. About 240 of these instruments are connected through NICNET / SWAN of NIC. This state of the art instrumentation is one of the largest network of strong motion instruments in world with almost real time capability covering a window of about 2000 km x 300 km. A website named as www.pesmos.in has been developed and all the recorded time histories are uploaded in this website for registered users. As of now, about 600 time histories from 200 earthquakes have been uploaded in this web site.
5. Formulated and developed use of synchronous noise (having absolute flat power spectrum) for evaluation of different numerical schemes used for processing of data as well as analysis of systems. 

6. Developed and disseminated widely, several digital signal processing software with graphic interface. List of software and a brief description of each is enclosed herewith. Latest being, software for development of spectrum compatible time history with fling. These software are being commonly used by students and researchers in India and abroad.

7. Band limited interpolation scheme, which is quite common in image processing, was introduced for use for earthquake engineering data. It has been shown that prevalent interpolation schemes using first or higher order interpolation substantially distorts the digital data and can adversely affect the engineering results.

8. New scheme for processing of accelerogram in frequency domain was developed. Its advantages over prevalent time domain processing schemes were highlighted.

9. We have performed in-depth analysis on various aspects of ground motion of all recorded earthquakes. For Bhuj Earthquake of 2001, records of SRR were used to find attenuation relationship of the region, which has then been compared with Eastern North America ground motion attenuation relation. Under an Indo Norwegian project, attenuation characteristics of spectral acceleration using recorded acceleration time histories was done  

10. For the first time in India, an extensively instrumented multistoried building at Ahmedabad provided records of its response of its different floors during Bhuj earthquake of 2001. Using structural drawings of the building, it was analyzed for recorded ground motion and analytical as well as recorded response were then compared and studied in detail. Model of the structure was fine tuned and effects of soil structure interaction is being studied in detail.
11. Carried out hazard analysis of NCR Delhi using recorded data of earthquake. PGA and spectral acceleration scenario were estimated for M 7, 7.5 and 8 earthquakes from Himalayas as well as M 5 earthquake near Delhi.

12. At present,  research is being carried out in regard to various aspects of earthquake early warning system.  We have done substantial work on attributes for earthquake early warning system and have found best combinations of five attributes and has shown that this combination give most reliable results using worldwide strong ground motion data comprising of about 2000 time histories recorded at hypocentral distance of less than 60 km.

13. We are working on a project for development of earthquake early warning system for Northern India. Under this project, 100 sensors are being installed in Uttarakhand which will stream real time acceleration time history (24 hours x 7 days). Software is being developed in Earthworm (an open source real time seismic signal processing platform) for real time processing of streamed acceleration time history for issue of warning. We anticipate that we amy be able to provide about 70 seconds of warning to Delhi before damaging S waves strikes Delhi from earthquakes originating from Himalayas. The project is in its final stages and our capability to issue earthquake early warning has been demonstrated to project advisory committee comprising of several external experts
14. Developed, maintained, operated, upgraded and extensively used the prestigious shake table facility of the Department of Earthquake Engineering. Large number of seismic tests of power plant equipment of reputed private and public sector companies were conducted on this facility. 

15. Worked as Organizing Secretary of 12th Symposium on Earthquake Engineering, which was conducted with great success on December 16-18, 2002. About 250 delegates from 15 different countries participated in the symposium.  Edited two volumes of the conference proceedings comprising of 169 technical papers. For the first time, conference proceedings were made available in a CD. 

16. In the year 1991, developed a microprocessor based digital accelerograph under a research scheme of DST. This accelerograph has a resolution of 12 bits. Technology transfer document were prepared and technology was transferred to a Delhi based private enterprise.

LIST OF SOFTWARE DEVELOPED AND DISSEMINATED 

	SN
	Name
	Brief Description

	1
	SPEC
	Takes ASCII values of a target response spectrum as input and outputs ASCII values of response compatible acceleration time history. Takes input of damping value of target response spectra, duration of time history, rise time of time history and decay time of time history from terminal. Graphic display of comparison of target spectra vs. achieved spectra after each iteration as well as achieved time history is also provided. 

	2.
	SPEC3
	Generates spectrum compatible time history with fling using phase of a recorded time history.

	3.
	RESP
	Takes equally sampled acceleration ASCII time history file as input file. Provides ASCII output of spectral acceleration for given periods and dampings (to be specified in another input file). Graphic display of input time history and output response spectra (for all the dampings in one figure) is also provided.

	4.
	BINRESP
	Takes equally sampled ASCII acceleration time history file as input file. Provides ASCII output of spectral acceleration at bin frequency interval for damping to be provided through terminal. ). Graphic display of input time history and output response spectra is also provided.

	5
	LOPASS
	Takes equally sampled ASCII time history file as input. Takes cut off frequency for low pass filter as well as order of filter as input through terminal. Outputs ASCII file of low passed time history. Graphic display of input time history as well as low passed output time history is also provided. 

	6
	HIPASS
	Takes equally sampled ASCII time history file as input. Takes cut off frequency for high pass filter as well as order of filter as input through terminal. Outputs ASCII file of high passed time history. Graphic display of input time history as well as high passed output time history is also provided.

	7
	BPASS
	Takes equally sampled ASCII time history file as input. Takes cut off frequencies for band pass filter as well as order of filter as input through terminal. Outputs ASCII file of band passed time history. Graphic display of input time history as well as band passed output time history is also provided.

	8
	FFT
	Takes one directional equally sampled ASCII time history file as input and outputs Fourier magnitude of time history in ASCII format. Graphic display of input time history and output FFT magnitude is also provided.

	9
	INSCOR
	Takes equally sampled ASCII acceleration time history file as input. Takes natural frequency and damping of sensor as input through terminal. Performs instrument correction of the input file and outputs the ASCII corrected acceleration time history file.  Graphic display of input time history as well as instrument corrected output time history is also provided.

	10
	WNOISE
	Generates synchronous noise (a white noise whose Fourier magnitude is exact one) of duration and sampling rate to be taken through terminal. Graphic display of generated time history is also provided

	11
	BASECOR
	Takes equally sampled ASCII time history file as input. Takes least square line of the history as baseline (x axis) and outputs ASCII file with new base line (rotational components not considered). Graphic display of input time history as well as baseline corrected output time history is also provided.

	12
	NONLIN
	Takes unequally sampled ASCII time history file as input. Outputs linearly interpolated equally sampled time history file at sampling rate to be given through terminal. 

	13
	GENSIN
	Generates single frequency sinusoidal data of duration and sampling rate to be given through terminal. Graphic display of generated time history is also provided.

	14
	MULTISIN
	Generates multi-frequency sinusoidal data of frequencies and magnitudes (to be given through an input file) and duration as well as sampling rate to be given through terminal. Graphic display of generated time history is also provided. 

	15
	FDIF
	Takes equally sampled ASCII time history file as input. Performs differentiation in frequency domain and outputs differentiated time history ASCII file. Graphic display of input time history and differentiated time history is also provided. 

	16
	FINT
	Takes equally sampled ASCII time history file as input. Performs integration in frequency domain and outputs integrated time history ASCII file. Graphic display of input time history and integrated time history is also provided

	17
	PROC1
	Takes digitized files of records of SMA 1 performed on digitizing table of DEQ and converts them on unequally spaced uncorrected accelerogram 

	18
	ALINT
	Performs linear interpolation to increase sampling rate of an equally spaced ASCII time history file. 

	19
	INPO1
	Performs band limited interpolation of equally spaced ASCII time history file such that values of original samples do not change and new samples are determined in between original samples such that frequency contents of original sequence are maintained

	20
	INPO2
	Performs band limited interpolation of equally spaced ASCII time history file. However, values of original samples are not kept and all the new samples are determined such that frequency contents of original sequence are maintained.

	21.
	arjun** (series)
	About 15 software of this series process strong motion data downloaded from KNET (Japan). 


Note: For each of the above software, a text file is also made which gives detailed instructions about working of the program.

