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 Abstract- This paper proposes a novel fault identification algorithm for an electrical multi-terminals network. The Discrete Wavelet Transform (DWT) is used to decompose current signals. The purposed algorithm designs to be algorithm able to detect and classify various fault types at any point on the multi-terminals system. Using the current signals only that are captured from single ended of multi-terminals configuration, which consists of three terminal circuits. The ATP/EMTP simulator is developed to evaluate the capability of the proposed algorithm. In addition, the proposed algorithm is applied to simulated parameters that are taken from Egyptian electrical grid, which comprises of three terminal circuits connected as ring configuration. Also, it considered the future installation of El Dabaa nuclear power station. The proposed algorithm achieves accurate results under numerous conditions such as different fault resistances, locations and inception angles. 

      Index Terms -- fault detection – fault classification – protection system – multi-terminals power system – backup protection – discrete wavelet transform (DWT) – three terminal circuits.

I. Introduction

Transmission line is the most pivotal part of the electrical power system, which exposes too many interruptions. The performance of electrical power networks is affected by faults on transmission lines. In the power system, the reliability and stability are required to prevent the propagation of these faults. Therefore, the protection system should be able to detect, classify and eliminate faults and restore service as soon as possible. The occurrence of any fault on transmission line gives rise to electromagnetic transient phenomena. These transients are non-stationary signal in time and frequency domain. Therefore, these transients can be properly analyzed by using DWT based on multi-resolution analysis to provide hidden information about faulted signal. This information allows us to identify special features in patterns of voltages and currents related to faults [1].
Many researches have been focused on wavelet based techniques to make analysis for transient signal. The wavelet transform is the most powerful analysis tool used to analyze the resulted fault transients [2]. Furthermore, the choice of the basis wavelet function (mother wavelet) is very significant parameter for transient analysis [3-5]. 

Many papers represented fault detection and classification for two terminal circuits [2, 6, 8, 10, 11, 12, 13, 14, 15, and 16], [20-23]. Little works have been noticed for three terminals configuration systems. References [17, 18] applied to three terminal teed circuits. References [19] described the fault identification technique based on details and approximate coefficients. Table 1 summarizes the previous fault identification schemes. The fault detection and classification techniques were dependent upon artificial intelligent technique, which was introduced in [23, 24].
Table I.   Fault identification schemes in the literature
	Reference
	System voltage (kV)
	Transmission lines configuration

	[2,8,10,11]
	400
	Two terminal circuit configuration

	[9,15,16,  20- 23]
	500
	Two terminal line configuration

	[7]
	500
	  Double line two terminal configuration

	[18]
	154
	Teed circuit configuration


In this paper, a new fault detection and classification algorithm is investigated for multi-terminals circuits. DWT has been employed to analyze the measured current signals. The haar wavelet is applied to decompose the current signal into approximation and details coefficients. These wavelet coefficients are processed and then employed to detect and classify the faults. Criterion of faults in this paper depends upon the maximum absolute value for these coefficients at one level of decomposition. The performance of the proposed algorithm is tested for all fault types and for fault resistances in range 1-100 Ω to prove the ability of the proposed technique. Results have been obtained show that this proposed scheme is able to distinguish the condition whether there is a fault or not, determine types of fault, and identify the faulty phase.
II. Discrete wavelet transform based feature extraction technique.

Wavelet transform is the most powerful analysis tool that is used to analyze the transmission line faults. The measured signals can be obtained from power systems are time and frequency dependent, which are known as the "chirp" signal (non-stationary signal). 
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