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In this paper, it is attempted to review different aspects of power generator's excitation system modeling and design. It starts with the introduction of the excitation system. Then, the new proposed methods will be discussed. Afterward, the new aspects of the controllers' components will be discussed. At the end, the system identification methods necessary for determining the controllers' parameters are discussed.

I. REVIEW

As part of regulations and standards requirement for power generation stations, the plant owners need to model and study their Electrical Distribution System (EDS), Static and/or dynamic modeling, to reflect the behavior of the system under extreme loading condition, different modes of operations, and disturbances (e.g. fault). power generator is one of the major equipments that needs to be dynamically modeled and analyzed. In nuclear power plants, even diesel generators' model must be analyzed due to their critical function as a backup source to operate power plant in safe condition.

One of the major control equipments necessary for the proper functioning of power generators is the excitation system. Therefore, in this review, different works around the subject of excitation systems have been thoroughly investigated. IEEE, over the time, appointed many task forces to recommend models for the different components of power generators, one of which is specifically for the excitation system models.

One of the most important modifications introduced by IEEE in excitation system models is introducing Under Excitation Limiter (UEL). It forced IEEE to change most of its previously proposed models [START_REF] Report | Excitation System Models for Power System Stability Studies[END_REF] to accommodate this change. IEEE used designation of "A" in front of excitation models type in 1992 version [START_REF]IEEE Recommended Practice for Excitation System Models for Power System Stability Studies[END_REF] and later in 2005 version [START_REF]IEEE Recommended Practice for Excitation System Models for Power System Stability Studies[END_REF] representing this new change. Besides the flagship models recommended by IEEE, there are some other models developed for the special application. The authors in [START_REF] Mahmud | Partial Feedback Linearizing Excitation Controller for Multimachine Power Systems to Improve Transient Stability[END_REF] proposed a new nonlinear excitation controller design to enhance transient stability of multimachine power systems. It is shown that the controller design method ensures the stability of the nonlinear dynamic autonomous part. However, there is any reducedorder model to capture the complexity of such designs. The same authors, also, proposed another method of design for the power generation excitation system. The new proposal is a Full-order non-linear observer-based excitation controller design for interconnected power systems via exact linearization approach. In this design, the excitation control law is derived for the exactly linearized power system model. In this paper, the simulation results show the accuracy and performance of observer-based nonlinear excitation controller by comparing with the exact linearizing controller where the control law is expressed in terms of all measured variables. In another work, the authors [START_REF] Yousef | Flatness-based adaptive fuzzy output tracking excitation control for power system generators[END_REF] propose another novel approach for the design of an indirect adaptive fuzzy output tracking excitation control of power system generators. The method is developed based on the concept of differentially flat systems through which the nonlinear system can be written in canonical form. Simulation results show that the proposed controller can enhance the transient stability of the power system under a three-phase to ground fault occurring near the generator terminals. Furthermore, the authors in [START_REF] Yao | Decentralized nonlinear optimal predictive excitation control for multi-machine power systems[END_REF] proposed a decentralized nonlinear optimal predictive excitation control for multi-machine power systems. The advantages of this new design is that it does not require an online optimization. It only needs local and direct measurements as its input signals. Moreover, this controller can be implemented locally and dispersedly.

The UEL, also known as the Minimum-excitation limiters (MEL), is intended to prevent the loss of synchronism of generators and also prevent exceeding machine under-excited capability limit. In 1940s, when dynamic stability was the major problem, they were proposed to avoid ill-operation during the steady state stability limit. But later, industry found some other applications for it like preventing situations leading to overheating in the stator's end region of the synchronous machine [START_REF] Ribeiro | Minimum excitation limiter effects on generator response to system disturbances[END_REF]. The authors in [START_REF] Khodabakhshian | Coordinated design of STATCOM and excitation system controllers for multi-machine power systems using zero dynamics method[END_REF] have shown that the uncoordinated design of the FACT devices with excitation systems may deteriorate the power system performance. Moreover, they argue that the power system is a large, complex and nonlinear system, and the controllers that are designed based on linear control theories may have a detrimental effect on the system performance, especially when there are large disturbances occurring in the system. However, there are some studies indicating that in certain situations, such limiters can be ignored in the models without compromising the overall performance of the power generator. In [START_REF] Mohajeryami | Study of effectiveness of under-excitation limiter in dynamic modeling of Diesel Generators[END_REF], the simulation results suggests that in the local network with mainly induc-tive loads the UEL is ineffective and it can be ignored in the modeling. In another attempts, the authors in [START_REF] Moghaddam | Generator excitation systems sensitivity analysis and their model parameter's reduction[END_REF] have investigated the sensitivity of the generator outcome to the IEEE recommended parameters of the excitation controller. However, except a few instances that the controller's impact could be ignored temporarily, most of the time excitation system's function is vital to the consistent and satisfactory performance of the power generator. In other words, according to [START_REF] Owen | An Extension to Investigation on Impact of Under-Excitation Limit Model on Power System Dynamics: Review[END_REF], the minimum excitation limiter is rarely called into action; however, its impact can be particularly significant to the final outcome of some severe disturbances.

Excitation systems, power systems stabilizers (PSSs), and governors have a great impact on power system stability. Satisfactory dynamic behavior of a generator, including frequency response, terminal voltage, power factor, and reactive power, mostly depends on the use of appropriate control strategies in exciters or PSSs [START_REF] Saavedra-Montesa | Calculation of excitation system controllers to fulfill IEEE standard performance indexes[END_REF], [START_REF] Gaing | A particle swarm optimization approach for optimum design of PID controller in AVR system[END_REF]. All models for synchronous machines, excitation systems, PSSs, and governors must be accurate to be used in stability analysis. In [START_REF] Ayasun | Stability analysis of a generator excitation control system with time delays[END_REF], the authors analyzed stability of a generator excitation system considering various parameters, specifically time delays. Time delays come into consideration because of sensors delays, communications links, and controller processing times [START_REF] Wu | Evaluation of time delay effects to wide-area power system stabilizer design[END_REF]. Most of the papers in this area focus on controller parameters of excitation systems [START_REF] Ayasun | Stability analysis of a generator excitation control system with time delays[END_REF]. The importance of excitation system control as a potential element to maximize allowable penetration level of distributed generation is investigated in [START_REF] Freitas | Influence of excitation system control modes on the allowable penetration level of distributed synchronous generators[END_REF]. Therefore, as it is discussed, these models are critical in the routine operation of the power system. Moreover, according to [START_REF] Yan | AIS-Based Coordinated and Adaptive Control of Generator Excitation Systems for an Electric Ship[END_REF], the improper operation of excitation system could even lead to power quality problems.

Several discussions on exciter control methodology are explored in [START_REF] Kundur | Power System Stability and Control[END_REF]. Since synchronous machine parameters vary with different loads, robust control methods to tune parameters would be perfect for various operating conditions [START_REF] Abdel-Magid | Robust tuning of power system stabilizers in multimachine power systems[END_REF]. Robust controllers in power systems are mostly based on linear matrix inequality (LMI) [START_REF] Boukarim | A comparison of classical, robust, and decentralized control designs for multiple power system stabilizers[END_REF], [START_REF] Ramos | A new methodology for the coordinated design of robust decentralized power system damping controllers[END_REF]. LMI methods require full-order controllers and accurate models to meet convexity criteria. In order to tackle these difficulties, new optimization methods such as genetic algorithm and particle swarm optimization are employed to solve non-convex non-smooth robust controller problems [START_REF] Dill | Robust design of power system controllers based on optimization of pseudospectral functions[END_REF]. However, Proportional-Integral-Differential(PID) controllers are mostly used in industry due to their simplicity. Many engineers avoid the use of complex control methods to tune the excitation system since most of the complicated control methods require exact models of the excitation system and generator [START_REF] Kim | Tuning a PID controller for a digital excitation control system[END_REF].

Various system identification methods are applied to estimate generator and excitation system parameters. Estimation of excitation system parameters can be performed in on-line or off-line mode. Since there are a lot of nonlinear parameters, offline tests can be more effective because, in offline mode, it is possible to excite most of the nonlinear zones [START_REF] Saldana | ATP modeling and field tests of the ac voltage regulator in the Palmar hydroelectric power plant[END_REF].