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 An isolated electrical network with an independent local distributed 

generator is very sensitive towards the contingencies between load demand 

and supply. Although the network system has less complexity in term of 

structure, its stability condition is crucial due to its stand-alone operating 

condition. The total power deficit in the network gives the important 

information related to the dynamical frequency responses which may directly 

affect the system’s stability level. In this paper, the approach to estimate the 

total power deficiency for the isolated electrical network was presented by 

utilized the Luenberger observer method. Although the power deficit is not 

the state variable in the network mathematical model, the solution of 

estimation problem was feasible by introducing the new variable using 

additional dummy system. The simulation was carried out by using 

MATLAB/Simulink environment and the designed estimator was verified 

using multifarious load demand changes. The results show that the estimated 

signal was successfully tracked the expected actual signal with minimum 

error.  
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1. INTRODUCTION 

An isolated electrical network with low voltage system is commonly used under stand-alone 

operating condition. The same situation also applied to the network with local generator that has 

disconnected from the utility supply due to some contingencies problem. This situation is considerable as 

islandic condition and the network is very sensitive towards any disturbance due to the mixed energy demand 

and sources [1]-[3]. The stability condition is achieved when the dynamical behavior in the generation side is 

able to sustain for any level of demand and ensured the dynamical frequency network within the permissible 

level. A review on stability in power system network has been discussed in [4]-[9]. The investigations on the 

influence of frequency load control on the islandic power system network fed by mixed generation sources 

are reported in [10]-[13]. For multiple area power system network with local generator, the multifarious of 

load demand give significant impact to the dynamical frequency responses as summarized in [14]-[18]. 

Total power deficit is defined as the size of the mismatch between load demand and generated 

supply. The state of the power deficit basically can be referred through the general swing equation. From this 

equation, the size of the power deficit was translated into the form of frequency dynamic. There are several 

considerable amount of works in literature that investigated the behavior of network frequency towards the 

https://creativecommons.org/licenses/by-sa/4.0/
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changes of power deficit [19]-[22]. All of these works are directly utilized the swing equation to estimate the 

power deficit plus, the system structure with parameters are assumed to be well-known. Thus, the estimated 

power deficit does not introduce any conservatism in its behavior. Moreover, in [23]-[26], the total power 

deficit was estimated through the rate of change of frequency decay after the first triggered of load shedding 

scheme. This approach shows the independency of estimation method towards the generator inertia constant 

which known as one of the crucial parameters that highly affect the initial frequency slope. 

In this paper, the approach to estimate the power deficit using full-state observer is discussed. The 

dynamical of frequency response is observed after the load demand changed and then the power deficit is 

estimated. The work deal with derivations of the mathematical model for isolated electrical power system 

network fed by single generator. Then the well-known full-state observer equation was augmented to the 

network equation to assure that the solution of estimation process is feasible and the estimation error 

performance can be verified. 

 

 

2. RESEARCH METHOD 

The isolated electrical network that has been studied in this work is considered as a low voltage 

system fed by single local generator as shown in Figure 1. The typical generator system may consist of the 

integration with turbine system and the governor system. In this work, the physical model of isolated 

electrical network was translated into the mathematical equation which described by the differential equation 

in state-space realization. 

 

 

 
 

Figure 1. Isolated electrical network fed by single local generator 

 

 

The behavior of generator rotor rotation can be represented by the rotating mass model with the 

equation written, this equation shows the influence of the dynamical frequency response ∆𝜔 towards the 

power deficit between mechanical power ∆𝑃𝑚 and electrical power ∆𝑃𝑒 . However, the initial slope of 

frequency decay after the disturbance is depends on the inertia constant parameter which denoted by 𝐻. The 
𝑑

𝑑𝑡⁄  term denotes that the equation is in the form of first-order differential equation. 

Prime mover model is the mathematical model that describe the behavior of turbine system. The role 

of turbine system is to feed the source of mechanical power for the rotating mass. In this work, the prime 

mover model was derived to relate the mechanical power output ∆𝑃𝑚 to the governor power ∆𝑃𝑔𝑣 from the 

governor system with the time constant 𝜏𝑡 as shown in (2). 

 

2𝐻.
𝑑∆𝜔

𝑑𝑡
= ∆𝑃𝑚 − ∆𝑃𝑒  (1) 

 
𝑑∆𝑃𝑚

𝑑𝑡
=

1

𝜏𝑇
(∆𝑃𝑔𝑣 − ∆𝑃𝑚) (2) 

 

The governor system is the crucial part in the generator system that responses to the variation of 

network disturbances. These disturbances commonly been translated as the variation of load demand in the 

network which will influence the amount of kinetic energy stored in the rotating system. The kinetic energy 

can be seen in the dynamical of the frequency transient. The speed governor performance is referred to the 

governor characteristic derived by the slope 𝑅 as shown in Figure 2. While the (3) shows the differential 

equation that describes the governor system. Noted that, the ∆𝑃𝑟𝑒𝑓  is the reference power deviation for the 

governor system to achieved and is assumed equal to zero because the work does not consider the automatic 

generation control (AGC). 

 
𝑑∆𝑃𝑔𝑣

𝑑𝑡
=

1

𝜏𝑔𝑣
(∆𝑃𝑟𝑒𝑓 −

∆𝜔

𝑅
− ∆𝑃𝑔𝑣) (3) 
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Figure 2. The speed governor characteristic 

 

 

2.1.   The state-space representation 

The (1), (2) and (3) can be written into the state-space representation as shown in (4). From the 

equation, the state variables are ∆𝜔, ∆𝑃𝑚  and ∆𝑃𝑔𝑣 while the input state is the load demand ∆𝑃𝑒. Noted that 

the symbol ∆ used in these equations is to represent the deviations of the state.  

 

�̇�(𝑡) = 𝑎𝑣(𝑡) + 𝑏𝑢 (4) 

 

The matrix 𝑎 and 𝑏 is arranged as shown in (5) and (6). 

 

𝑎 =

[
 
 
 
 0 1

2𝐻⁄ 0

0 −1
𝜏𝑇

⁄ 1
𝜏𝑇

⁄

−∆𝑃𝑟𝑒𝑓
𝑇𝑔𝑣𝑅

⁄ 0 −1
𝑇𝑔𝑣

⁄ ]
 
 
 
 

 (5) 

 

𝑏 = [−1
2𝐻⁄ 0 0]

𝑇
 (6) 

 

2.2.   Estimator design 

The purpose of this work is to estimate the total power deficit of the isolated electrical network fed 

by single local generator as shown in Figure 1. The proposed configuration is depicted in Figure 3. The goal 

of this formulation is to observe the frequency dynamic of the generator and estimate the total power deficit 

of the network. An additional system denoted by the low pass filter was introduced to convert the input state 

into the state variable. This is because the power deficit to be estimated is related to the input state. Thus, the 

whole system size is now become the fourth order. Augmenting the network equation with the additional low 

pass system, the new state-space realization can be written,  

 

�̇�(𝑡) = 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡) (7) 

 

𝑦(𝑡) = 𝐶𝑥(𝑡) (8) 

 

𝑧(𝑡) = 𝐶𝑑𝑥(𝑡) (9) 

 

With 𝐴, 𝐵 and 𝐶 are the state matrix for the augmented system respectively while 𝐶𝑑 is the output 

matrix for the state vector to be estimated. It is assumed that the dimensions of all matrices and matrix 𝐶𝑑 are 

known. The general state-space equation for the full-state observer is written as,  

 

�̇̂�(𝑡) = 𝐴�̂�(𝑡) + 𝐵𝑢(𝑡) + 𝐿[𝑦(𝑡) − �̂�(𝑡)] (10) 

 

�̂�(𝑡) = 𝐶�̂�(𝑡) (11) 

 

Note that 𝐿 is the 𝑛 × 𝑚 gain matrix for the observer. Substituting the (11) into the observer’s state equation 

in (10) yields the following alternative forms for the observer model. 

 

�̇̂�(𝑡) = 𝐴�̂�(𝑡) + 𝐵𝑢(𝑡) + 𝐿𝑦(𝑡) − 𝐿𝐶�̂�(𝑡) = (𝐴 − 𝐿𝐶)�̂�(𝑡) + 𝐵𝑢(𝑡) + 𝐿𝑦(𝑡) (12) 
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The (𝐴 − 𝐿𝐶) is the state matrix for the observer. If the system (𝐴, 𝐶) is completely observable, 

then the gain matrix 𝐿 can be chosen to place the eigenvalues of (𝐴 − 𝐿𝐶) at arbitrary location in the left-half 

of the complex plane, then the observer system is asymptotically stable. The block diagram for the full-state 

observer is shown in Figure 4. 

 

 

 
 

Figure 3. Proposed estimator algorithm and configuration 

 

 

 
 

Figure 4. The block diagram of a continuous-time full-state observer 

 

 

2.2.1 Observer gain determination. 

In this work, the output state matrix of the augmented system in (8) is not fully observable. 

Therefore, the solution for the observer gain in the pole placement is not feasible. Hence, to ensure the 

feasibility of the pole placement and achieve the stable observer system, the output state of the augmented 

system 𝑦(𝑡) in (8) was modified by adding with the output state matrix 𝑧(𝑡) in (9). Then, the equation can be 

written. 

 

𝑦𝑛(𝑡) = (𝐶 + 𝐶𝑑)𝑥(𝑡) = 𝐶𝑛𝑥(𝑡) (13) 

 

Hence, the observer matrix shown in (12) can be written as (𝐴 − 𝐿𝐶𝑛) and the observer gain 𝐿 was 

determined by using the Ackerman’s formula. This formula is the heuristic method that normally been used 

for solving the pole allocation problem for time-invariant system.  

 

2.3.   Simulation setup 

The model of isolated electrical network was simulated in linear time invariant in 

MATLAB/Simulink platform. The parameters that was chosen and used as shown in Table 1. Noted that all 

the values are approximated and the simulation was carried out in per unit.  
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For the observer, the pole of the gain 𝐿 was arbitrarily placed and all the eigenvalues of the observer 

matrix (𝐴 − 𝐿𝐶𝑛) are located on the same place in the left-half of the complex plane. The reason is to make 

easy to determine the optimum pole and achieved the lowest estimated error.  

 

 

Table 1. Parameters of isolated power system model 
Parameter name Value 

Governor time constant, 𝑇𝑔𝑣 0.2 

Governor speed regulation, 𝑅 0,05 

Generator inertia constant, 𝐻 5 

Turbine time constant, 𝑇𝑡 0.5 

 

 

3. RESULTS AND DISCUSSION  

3.1.   Isolated electrical network 

Figure 5 shows the dynamical behavior of the frequency in per unit for the isolated electrical 

network under the multifarious load demand change. The model was tested for the first changed of load 

demand at 5 second by 0.2pu followed by 0.3pu at 15 second. The results were verified, and it is confirmed 

that the steady-state of the frequency goes to the new operating point in every load demand changed. The 

higher the load demand changed will result the lower the frequency operating point. This phenomenon 

happened because the model was derived without considering the automatic generation control (AGC). 

 

 

 
 

Figure 5. The dynamical frequency response of the isolated electrical network. 

 

 

3.2.   Power deficit estimation 

For the observer, the value of gain 𝐿 is depends to the pole location which corresponds to the 

negative eigenvalues of the observer matrix (𝐴 − 𝐿𝐶𝑛) and confirmed the stability. Table 2 shows the 

analysis of the estimation performance towards the different pole location assigned on each state vectors 

ranged arbitrarily from -5 to -40 of the real axis. Figure 6 shows the summarization of the error percentage 

towards the pole’s location illustrated in the line graph.  

From the analysis, it is confirmed that the pole location of observer state matrix (𝐴 − 𝐿𝐶𝑛) may 

influenced the estimation performance that correspond to the decision of optimal value for the observer gain. 

The estimation error performance become lower as the pole location near to the imaginary of the complex 

plane. Thus, this work proposed to choose -35 as the most optimized pole for the estimator gain. This pole 

gives the lowest estimation error and settling time. Figure 7 shows the power deficit estimation result while 
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Figure 8 shows the estimation error dynamic. The results shows that the estimated power deficit yields the 

similar performance as the actual but not during the first load demand changed and its obviously seen the 

very short spiking in the error performance graph. 

 

 

Table 2. Analysis of estimation performance  
Actual value Estimate value 

  

-5 0.20 1.16 480 7.52 − 5 = 2.52 

-10 0.20 0.49 145 6.33 − 5 = 1.33 

-15 0.20 0.33 65 5.87 − 5 = 0.87 

-20 0.20 0.26 30 5.64 − 5 = 0.64 

-25 0.20 0.23 15 5.50 − 5 = 0.50 

-30 0.20 0.21 5 5.37 − 5 = 0.37 

-35 0.20 0.20 0 5.32 − 5 = 0.32 

-40 0.20 0.20 0 5.34 − 5 = 0.34 

 

 

 
 

Figure 6. The influence of the error percentage 

 
 

 
 

Figure 7. Power deficit estimation performance 
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Figure 8. Estimation error performance 

 

 

4. CONCLUSION AND FUTURE WORK 

The state-space mathematical model for isolated electrical network with single generator has been 

derived without considering the automatic generation control. To estimate the power deficit, an additional 

low pass filter was introduced and augmented into the derived mathematical network model and made the 

overall system changed to become fourth-order system. The frequency dynamic has been selected as the only 

state variable to be monitored by the observer. The observer matrix was successfully formulated to confirm 

the stability. However, the estimation error performance was depending on the pole location which directly 

affect to the observer gain value. This pole dependency made the approach of pole determination using 

Ackerman’s formula become heuristic and only approximated based on the trial-and-error. In the future 

work, it is suggested that an optimization problem can be exploited to obtain the most appropriate observer 

gain value. Furthermore, the research for unknown model parameter augmented with dynamic filtering 

problem could be considered so that the robustness performance can be analyzed and achieved. 
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