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Analysis of Single Event Transients (SET) using Machine Learning (ML) and Ionizing Radiation Effects Spectroscopy (IRES)





ABSTRACT
A methodology for automating the identification of single-event transients (SETs) through Ionizing Radiation Effects Spectroscopy (IRES) and machine learning (ML) is provided. IRES enhances the identification of SETs through statistical analysis of waveform behavior, allowing for the capture of subtle circuit dynamics changes.Automated identification of SETs is facilitated by a k-Nearest Neighbors (kNN) ML algorithm with IRES data. One-hundred thousand waveforms were measured from CMOS phase-locked loop (PLL) circuits irradiated at the Naval Research Laboratory’s Two-Photon Absorption (TPA) laser facility. Known SET signatures were used to train various kNN models based on statistical features derived from several standard circuit metrics and eight moment-generating functions. Results show that SETs can be automatically identified by the kNN models, with several features resulting in greater than 98% correct identification of SETs. The tradeoffs in ML-based anomaly detection, based on the size of available training sets, choice in signal metric, and the number of included statistical moment-generating functions are discussed, along with opportunities for the future development of specific event-type classification, in situ measurement, and real-time classification of data.
       	
                            
                          CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

    ML classification is used to perform an in-situ prediction of the TID level and circuit bias voltage with a single measurement. The TID response of VCO and PLL circuits designed and fabricated in a 130-nm CMOS technology is presented. In response to the TID radiation up to 300 krad(SiO2), the RF circuits (VCO and PLL) show a shift of 30 MHz in frequency. It is important to note that the behavior observed in the circuits used for this experiment is limited to the specific technology and circuit design. Other circuit designs and device fabrication parameters may exhibit different response to the similar TID radiation exposure described in this work. 
2.1.1 DRAWBACKS OF EXISTING SYSTEM  : 
·         The interactions of satellite devices or electronics with the charged particles can disturb the satellite operations by setting or resetting bits, creating transient signals that compete with legitimate signals within the systems, and by degrading device parameters. 
· Sometimes these interactions can permanently damage the satellite and jeopardize the mission. For example, the HIPPARCOS satellite mission of the European Space Agency (ESA) was terminated due to radiation effects on satellite components resulting difficulties in satellite communication between the ground and the onboard computer 
2.2. PROPOSED SYSTEM 
An approach to identify TID radiation effects in the presence of noise in RF circuits with very high accuracy is achieved through the proposed IRES technique. The IRES technique is also utilized for identification of spurious transient events in PLL circuit. IRES is based on RF-DNA fingerprinting, a technique for identification of different devices based on statistical features extracted from their transmitted waveforms. The IRES technique for TID uses only two statistical features (mean and standard deviation of the instantaneous frequency) to identify the operational health of the circuit. LD models were used to classify the TID radiation level as well input bias voltage of the VCO and PLL
2.2.1. ADVANTAGES OF PROPOSED SYSTEM
· IRES is based on Radio Frequency-Distinct Native Attribute (RF-DNA) fingerprinting for the identification of essential statistical features of erroneous signals within a device, circuit, or system. RFDNA fingerprinting is a waveform-based technique used for augmenting existing wireless network security mechanisms.
· The PLL model was designed with Verilog-A to match the circuit dynamics of the DUT used for experimental validation. 
· SET simulations were performed with the Cadence Spectre circuit simulator. 


Literature Survey:
	             TITLE
	            AUTHORS
	     DESCRIPTION

	Single-event transients in bipolar linear integrated circuits
	S. Buchner and D. McMorrow, 
	Single-event transients (SETs) in linear integrated circuits have caused anomalies in a number of spacecraft

	Single-event mitigation techniques for analog and mixed-signal circuits
	T. D. Loveless and W. T. Holman, 
	This work discussed the state-of-the-art technology behind the various methods of the Single event hardened circuits, challenges and the approaching solutions.

	Circuit modeling of the lm124 operational amplifier for analog singleevent transient analysis
	Y. Boulghassoul, L. W. Massengill, A. L. Sternberg, R. L. Pease, S. Buchner, J. W. Howard, D. McMorrow, M. W. Savage, and C. Poivey, 
	The techniques presented rely heavily on datasheet specifications for electrical parameterization and experimental laser probing for dc and transient calibration.

	Modeling and mitigating single-event transients in voltage-controlled oscillators
	T. D. Loveless, L. W. Massengill, W. T. Holman, and B. L. Bhuva, 
	Voltage-controlled oscillators (VCOs) have been shown to dominate the single-event transient (SET) response of mixed-signal circuits such as the phase-locked loop (PLL).









2.3 FEASIBILITY STUDY
The feasibility Analysis is an analytical program through project manager determines the project success ratio and through feasibility study project manager able to see either project. The key considerations involved in the feasibility analysis are:
· Economic Feasibility
· Technical Feasibility
· Operational Feasibility
· Environmental Feasibility
2.3.1 ECONOMICAL FEASIBILITY
Hence this project is economically feasible there is no need to involve any cost for this project. 
2.3.2 TECHNICAL FEASIBILITY
Software Technologies used are PHP and MySql. In the educational institutions, it is possible to update the system in future. No special hardware is required for the purpose of using this system. Hence it is declared that this project is technically feasible.
2.3.3 OPERATIONAL FEASIBILITY
As the admin work mainly to maintain the Patient and Doctor .Doctor will predict patient cancer disease. Hence it is easy to operate with training. Therefore it is operationally feasible for implementation.




2.3.4 ENVIRONMENTAL FEASIBILITY
This project environment is correct as a admin has developed this system and no expenditure is involved under any head and this process is part of admin document management, this project environment is accessible.   
2.4 SYSTEM REQUIREMENTS
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse	: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.1 HARDWARE REQUIREMENTS
             The Hardware of the computer consists of physical component such as Input Devices, Storage Devices, Processing & Control units and Output Devices.  Computer includes external storage unit to store data in programs.
           The Hardware Configuration involved in this project
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse 		: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.2 SOFTWARE REQUIREMENTS 
 	Software is a group of programs that computers need to do a particular task.  It is an essential requirement of Computer System. The Software used to develop the project is
· Operating System	: Windows XP.
· Platform		: DOT NET TECHNOLOGY
· Front End		: ASP.Net 3.5
· Back End		: SQL SERVER 2005











CHAPTER 3
  SYSTEM DESIGN AND DEVELOPEMENT
 SYSTEM ARCHICTURE
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                                                      CHAPTER 4
TESTING AND IMPLEMENTATION

0. TESTING
 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 4.1.1Unit Testing
	Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

4.1.2 Block Box Testing
Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.




4.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 

















                               CHAPTER 5
CONCLUSION:
· This work employs IRES for the characterization of SETs in circuits and systems. The use of multi-dimensional statistical analysis allows for the identification of spurious transients in the presence of noise and for integration with statistical models. This is illustrated through the use of data captured from TPA laser experiments on a PLL designed and fabricated in a 130 nm CMOS technology and further illustrated through the use of behavioral modeling of the circuit dynamics. 
· IRES shows that SETs can be detected through statistical analysis of waveform behavior rather than standard signal measurement, allowing for the capture of the subtle changes in loop recovery time as well as charge dynamics. The technique leverages computational benefits of windowed joint time-frequency analysis, requiring as little as 0.2% of the data samples required in high-resolution DFT analysis, while providing a statistical method for accurately estimating the SET characteristics, such as magnitude and pulse width. 
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