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ABSTRACT 
There are a unit 2 forms of oscillation damping controller in grid that area unit grid stabilizer (PSS) and versatile 

ac transmission systems (FACTS). Numerous works are administered on the damping of grid low frequency 

oscillations. This paper addresses an intensive literature review on coordination drawback in single-machine and 

multi-machine grid. It conjointly reviews numerous forms of FACTS controllers. Numerous ways area unit 

projected so as to enhance the dynamic performance of an influence system for coordinated management between 

FACTS and PSS controller in power system models.    

 

KEYWORDS PSS; FACTS devices; power system stability. 

 

INTRODUCTION 
The changes within the operative condition of an electrical power system typically accompany with spontaneous 

low frequency oscillations (LFO) [1]. It’s inevitable that characteristics of power systems greatly have an effect 

on the transmission line transfer capability and power grid stability. These oscillations will be ascertained in most 

power system variables like bus voltage, line current, generator speed and power [2, 3]. Low frequency mechanical 

device oscillations will be classified into four main classes including native oscillations, interplant oscillations, 

inters space oscillations and international oscillations. Native or plant modes of oscillations have natural 

frequencies of concerning one to a pair of rate [4]. 

 

Inter space modes of oscillation have lower natural frequencies in the vary of zero.1 to 0.7 Hz. In little systems, 

inter-area oscillations typically have higher natural frequencies than those of enormous systems. The full range of 

modes of synchronizing oscillations is adequate one but the amount of interconnected generators [5]. Damping of 

oscillations is not solely vital in increasing the transmission capability but additionally in helpful power grid 

conditions following critical faults [6]. The sustained LFO of an influence system is due to the dearth of damping 

of the system mechanical mode, and the desired extra damping will be provided by supplementary excitation 

management. Generally, the damping control ways of power grid oscillations will be divided into 2 following 

major groups: 1) damping management at generation locations and 2) damping management within the 

transmission path [7]. PSS and FACTS controller’s square measure acceptable solutions for voltage and periodical 

instability problems, since these controllers increase loading margins and provide extra system damping [8, 9]. 

The papers published within the field of PSS and FACTS devices will be classified as: (a) mathematical modeling 

and simulation, (b) optimal placement and feedback signals, (c) characteristics comparison, (d) controller style, 

(e) power grid performance up and (f) coordination between the PSS and the FACTS. In general, from 

management purpose of read, FACTS controllers will be divided into four categories:  

 

1) Series controllers, 2) shunt controllers, 3) combined series-shunt controllers and 4) combined series-series 

controllers [10]. In power grid, the most types of stabilizers square measure the PSS and FACTS devices. 

Exploitation solely standard PSS in multi-machine power grid might not offer adequate damping for inter-area 

oscillations. In power grid stability improvement, the coordinated management between PSS and FACTS devices 

is a very important drawback. 
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This paper presents a comprehensive review on the topologies, configurations, and management techniques of 

coordination PSS and FACTS devices in power grid in order to enhance completely different operative parameters 

like damping low frequency oscillations, enhancing power grid stability, up the steady-state, et al parameters. 

Over seventy papers square measure reviewed and classified broadly speaking into 3 categories. The primary class 

is predicated on mechanical switches FACTS devices and PSS. The second class includes of FACTS devices 

supported voltage supply convertor and PSS. The third class is on the hybrid FACTS devices. 

 

POWER SYSTEM STABILIZER 
Power system stabilizer (PSS) is wide utilized in power systems so as to contribute to the damping low frequency 

oscillations. The PSS adds a stabilizing signal to AVR that modulates the generator excitation. A sensible PSS 

should be robust over a good vary of in operation conditions and capable of damping the oscillation modes in 

power grid [11]. PSS has been accepted by the utility homes as a viable live to enhance power grid damping to 

low frequency oscillations in the vary of zero.1–3.0 Hz. A PSS model is viewed as Associate in nursing additional 

management block to reinforce system stability. A PSS contains 3 blocks [12]: 1) the remainder block, 2) the 

washout filter and 3) the phase-compensation. Some ordinarily used input signals area unit rotor speed deviation, 

fast power, and frequency deviation [13]. a standard structure for PSS is shown in Fig. 1. A style methodology 

for mounted parameter decentralized PSS supported the standard style technique for interconnected multi-machine 

power systems have been proposed in [14]. An area algorithmic least sq. (SPARLS) algorithm developed for 

calibration PSS parameters on SMIB power system primarily based inflammatory disease is planned in [15] to 

satisfy the vulnerable conditions. In [16], the approach within which mechanical power variations has been shown 

so as to influence management performance of PSS loops in DFIG; wherever PSS signal is applied at the output 

of the essential controller, the PSS performance characteristics displayed area unit deemed typical for DFIG 

management schemes normally. 

 

 
Fig. 1. Conventional power system stabilizer 

 

FACTS DEVICES 
Development of FACTS devices in power transmission system have junction rectifier to several applications of 

those controllers. They are not solely up varied stability problems however conjointly providing in operation 

flexibility to power systems [17, 18]. In general, from management purpose of read, FACTS controllers is divided 

into following six categories: 1) TCSC and SSSC, 2) shunt controllers (such as SVC), 3) STATCOM and 4) 

STATCOM with energy-storage system, 5) combined series shunt controllers like UPFC and TCPS, and 6) 

combined series-series controllers like IPFC. Generally, FACTS devices are divided into 2 major groups: 1) one-

port (shunt controller and series controller) and 2) two-port (series-series controller and series-shunt controllers). 

There are various forms of FACTS devices [19]. A current injection model of FACTS controllers is adopted to 

review dynamic stability of power grid which might be simply applied to the linear and therefore the nonlinear 

analysis, and adopted any reasonably voltage supply electrical converter (VSI) kind FACTS controllers regardless 

of model sorts, as planned in [20]. A coordination approach for the controller style of multiple HVDC and FACTS 

wide-area like SVC and TCSC controls has been presented in [21] and has the aim of stabilizing multiple inter 

area oscillation modes in 16-machine 5-area power systems. 

 

COORDINATE CONTROL 
A conventional PSS will improve the steady-state stability margin and increase the system positive damping, but 

it has some drawbacks, like time overwhelming standardization and non-optimal damping within the entire 

operative method [22, 23]. Uncoordinated FACTS-based stabilizers and PSSs perpetually cause destabilizing 

interactions [24]. a way supported conic programming to shift under-damped or unstable modes into a region of 

sufficient  damping of the complicated plane, to design coordinated FACTS and PSS controllers for helpful power 

system oscillations, has been bestowed in [25]. In [26], a linear programming rule has been used for synchronous 

coordination of PSS and FACTS device stabilizers in an exceedingly multi machine power system for enhancing 
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dynamic performance of the rotor modes of oscillations. A unnatural improvement approach for coming up with 

coordinated controllers of PSS and FACTS devices has been developed in [27] so as to attain and enhance small-

disturbance stability in multi-machine power systems, wherever the eigen value-eigenvector equations associated 

with the chosen modes kind a collection of equality constraints within the improvement. 

 

Mechanical switches and PSS 

Devices in one class primarily replace mechanical switches with power physics switches. The variable impedance 

sort controllers include: 1) TCSC (series connected), 2) SVC (shunt connected) and 3) TCPS (combined shunt 

and series). The SVC is connected in shunt with the conductor for reactive power support and therefore the TCSC 

is connected asynchronous with the conductor to transfer a lot of power on the conductor [28]. 

 

SVC and PSS: associate SVC could be a quick manageable to generate or absorb reactive power. If the injected 

current is in phase construction with the road voltage, the controller adjusts reactive power whereas if this isn't in 

section construction, the controller adjusts real power [29]. Fig. a pair of shows the schematic diagram of a SVC. 

The SVC is typically composed of two main components, particularly TSC and TCR. In [30] the PSS and SVC 

have identical controller to enhance the facility system stability within the SMIB facility, it means that their 

coefficients are optimized by PSO, Chaos and shuffled frog jump (SFL) algorithms. Coordination of SVC and 

PSS using generator speed deviation or modal speeds as helpful signals to damp the system oscillations has been 

given in [31], in which the effectively of controllers for damping SSR underneath steady-state and faulted 

conditions has been mentioned. A leadlag structure as a main damping controller for a static SVC has been 

projected to diminish facility oscillations [32], where the coordinated style downside of those devices was 

formulated as associate improvement downside to scale back power system oscillations. 

 

 
Fig. 2. A SVC installed in a power system 

 

TCSC and PSS: TCSC could be a typical series FACTS device supported the thought of electric resistance 

management of the transmission line. It’s rather more effective than the shunt FACTS devices within the 

application of power flow management and power system oscillation damping management. The management 

device is that the thyristor semiconductor switch. A typical TCSC model as shown in Fig. three consists of a hard 

and fast series electrical device (FC) in parallel with a TCR [33, 34]. An approach supported the utilization of 

blending standard technology and FACTS technology in an exceedingly series electrical phenomenon 

compensation scheme has been introduced in [35], that has the potential of enhancing facility dynamics. It’s been 

bestowed in [36] that associate interval type-2 fuzzy controller-based TCSC controllers together with PSS within 

the system damp out the speed and power oscillations following totally different vital faults satisfactorily. A mix 

of TCSC and PSS for enhancing the stability of multi-machine system has been bestowed in [37], during which 

the parameters of those controllers square measure optimized by VURPSO rule and GA. 

 

 
Fig. 3. A TCSC installed in a single-machine infinite-bus (SMIB) power system 
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TCPS and PSS: A TCPS could be a device that injects a variable series construction voltage to have an effect on 

the facility flow in an exceedingly transmission line by modifying each the magnitude and therefore the phase 

angle. The output voltage section are often varied relative to that of the input voltage by merely variable the 

magnitude of the series construction voltage [38]. Fig. four shows the schematic diagram of a TCPS. A nonlinear 

coordinated generator excitation and TCPS controller projected in [39] enhance the transient stability of an 

influence system during which the projected controller is in a position to regulate particularly excitation voltage, 

phase angle and electrical phenomenon in an exceedingly coordinated manner. Dynamic performances 

considering standard section lead-lag power system stabilizer and TCPS equipped with standard leadcontroller 

have been compared in [40]. The study and style of a managementler is capable to damp less economical control 

coordination between PSS and TCPS [41], wherever genetic algorithm (GA) is used to go looking for optimum 

controller parameter settings associated an best pole shifting for multi-input multi-output systems. 

 

 
Fig. 4. Schematic diagram of a TCPS lag controller and with PID 

 

Voltage source converter and PSS 

In general, voltage supply device (VSC) of the FACTS controllers may be divided into (SSSC) (series connected), 

STATCOM (shunt connected) and UPFC (combined shunt-series) and IPFC (combined series-series). The 

STATCOM control transmission voltage by reactive shunt compensation, SSSC management the effective 

transmission electrical phenomenon, UPFC control all 3 effective transmission parameters and IPFC is an 

extremely versatile device for quick power flow management [42]. Fig. 3. A TCSC put in a very single-machine 

infinite-bus (SMIB) power system 

 

STATCOM and PSS: associate degree STATCOM is capable of injecting severally manageable reactive power 

into the system [43]. It offers ceaselessly variable reactive power at its purpose of reference to the grid [44]. 

STATCOM uses VSCs with capacitors connected on dc facet. The configuration of a STATCOM connected to 

bus M of a cable has been shown in Fig. 5. Two management signals area unit M (modulation ratio outlined by 

PWM) and φ (phase angle outlined by PWM). The dc electrical condenser (CDC) has the perform of creating 

associate degree energy balance between the input and output throughout the dynamic modification of the power 

unit output. The reference signal QREF and PREF will management the amplitude and point of output voltage, 

severally [45]. In general, associate degree STATCOM system can be divided into 3 key parts: 1) the device 

power stage, a pair of the passive elements and 3) the system [46]. A minima disturbance attenuation technique 

supported the maximization of the external disturbances of the one machine infinite bus system with STATCOM 

is taken into account in [47] primarily based on the back-stepping technique. Stabilization of generator oscillations 

victimization PID-STATCOM damping controller and PIDPSS has been conferred in [48], wherever the 

parameters of the proposed damping controllers were resolved by left shifting each modes to the required locations 

on the advanced plane employing a unified approach supported modal management theory. The optimum location 

of associate degree STATCOM and its coordinated style with PSS for installation stability improvement 

victimization PSO formula have been conferred in [49]. 
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Fig. 5. Schematic diagram of an STATCOM 

 

UPFC and PSS: UPFC has nice flexibility to regulate all control parameters: cable electrical phenomenon, bus 

voltages and phase angle between 2 buses, either at the same time or selectively [50]. UPFC consists of 2 of series 

and shunt switching converters operated from a typical dc bus, as shown in Fig. 6 [51]. The operating varies of 

the UPFC angle is between - 180° and +180°. The shunt branch of the UPFC consists of another VSC for providing 

the mandatory voltage support to the connected bus and exchanges real power from the bus with the series-

connected voltage supply [52]. The PSO primarily based output feedback controllers for coordinated coming up 

with of the UPFC and the PSS in SMIB installation has been conferred in [53], which has a superb capability in 

damping installation oscillations and enhancing greatly the dynamic stability of the facility system. A control 

theme has been introduced in [54] so as to style an advanced PSS, and analyze it comprehensively, during which 

the result has been given for the dynamic management of power transmission and damping oscillations with 

UPFC. 

 
Fig. 6. Schematic diagram of an UPFC 

 

 IPFC and PSS: The IPFC will facilitate a comprehensive overall real and reactive power management for a 

multi-line gear mechanism. Associate degree IPFC may be a FACTS device that compensates 2 or additional lines 

simultaneously; it inserts a series voltage into every salaried line by applying a VSC. It’s realized by 2 VCSs, that 

area unit in reality SSSCs, connected by a typical DC link [55, 56]. IPFC connected in two parallel lines ends up 

in positive resistance in one line and a negative resistance within the different line. Fig. seven shows the schematic 

diagram of associate degree IPFC [57]. The bacterial forage formula to tune the parameters of the IPFC 

management signals within the nonlinear improvement method in a very SMIB installation has been employed in 

[58]. A synchronal design of PSS and IPFC has been investigated in [59] by victimization PSO formula to optimize 

the stabilizers in a very single machine power system. 
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Fig. 7. Schematic diagram of an IPFC 

 

SSSC and PSS: SSSC may be used for series compensation of transmission lines. The SSSC relies on a dc 

capacitor fed voltage supply electrical converter that generates a three phase voltage at fundamental, that is then 

injected to a cable through a electrical device connected asynchronous with line [60]. The SSSC has 3 modes of 

operation: 1) constant voltage mode, 2) constant electrical phenomenon emulation mode, and 3) constant power 

management mode [61]. If SSSC voltage is function of the cable current, the SSSC operates in constant electrical 

phenomenon mode and once the SSSC voltage is independent of the road current, the SSSC operates in constant 

quadrature voltage mode [62]. A SSSC is put in on the transmission line between nodes one and a couple of as 

shown in Fig. 8. Fig. 7. Schematic diagram of associate degree IPFC Fig. 8. Basic structure of associate degree 

SSSC A hybrid PSO and attractive force search formula is employed in order to enhance the facility system 

stability, by coming up with a coordinated structure composed of a PSS and SSSC-based damping controller 

conferred in [63]. a technique for the simultaneous coordinated style of a PSS and a SSSC-based stabilizer is 

conferred in [64] victimization quadratic mathematical programming during which the gain and section of a lead-

lag stabilizer can be at the same time calculated. The extent and nature of control interaction between a PSS and 

a SSSC is studied in [65], in which the SSSC is employed as a hard and fast compensator and therefore the dc-

link voltage of the SSSC is regulated by an easy PI controller. 

 

 
Fig. 8. Basic structure of an SSSC 

 

Hybrid devices and PSS 

There are 2 main varieties of hybrid FACTS devices: 1) Fault current electric circuit and 2) STATCOM energy 

storage [66]. 

 

STATCOM energy storage and PSS: the mixture of a STATCOM with superconducting magnetic energy storage 

(SMES) is one amongst the foremost effective stabilizers of power oscillation modes [67, 68]. SMES systems will 

give improved dynamic stability, increased power quality and space protection [69, 70]. The STATCOM with 

energy storage operate (ESTATCOM) is diagrammatic by a current supply for each active (IP) and reactive (IQ) 

compensator. The damping controllers of the active and also the reactive current management the output of every 

current source on an individual basis. As shown in Fig. 9, the voltage deviation signal ΔUM, at the bus wherever 

ESTATCOM is connected and also the active power flow deviation signal ΔPL, on the conductor were considered 

as input signals [71]. Adding active power injection capability to the STATCOM by connecting energy storage to 

the dc-link of the convertor (E-STATCOM) will give additional damping and improve the steadiness of the facility 

system. The impact of the situation of the E-STATCOM on its dynamic performance is usually not treated [72]. 
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Fig. 9. Schematic diagram of an ESTATCOM 

 

Fault current electric circuit and PSS: A fault current electric circuit (FCL) could be a device that limits the 

possible fault current by generating resistivity once a fault happens during a power transmission network. It 

reduces fault currents to a lower manageable level and makes attainable the employment of lower rated protective 

devices. The term includes superconducting devices and non-superconducting devices [73, 74]. FCL put in 

asynchronous with conductor will simply operate throughout the amount from fault incidence to fault clearing; 

FCL cannot management the generator disturbances when the clearing of fault [75]. Various types of fault current 

limiters are developed recently. They are classified into the subsequent 3 broad types: 1) the resistive kind, 2) the 

inductive kind and 3) bridge kind SFCL [76]. 

 

CONCLUSION 
PSS and FACTS devices will facilitate to reinforce the damping of power oscillations. Uncoordinated FACTS 

devices and PSS always cause interactions between the generators and controllers. A comprehensive literature 

review of the PSS and FACTS devices was distributed. an in depth survey on the topic of coordination of FACTS 

controllers and PSS used for dynamic performance improvement in single-machine and multi-machine facility 

was distributed. 
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