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INTRODUCTION 

1. The reason for choosing the dissertation 

 Due to the continuous increase in demand to meet the economic 

development, a power system must operate approximately to the 

maximum power limitation and the power system’s voltage stability 

occurs frequently. In addition, the power system connected to 

renewable energy such as wind and solar power, are very complex, 

constantly changing and contain uncertainty. To guarantee the safe 

operation of the power system, it is necessary to calculate and evaluate 

the stability of the power system in the different operating conditions 

in order to propose timely solutions. The dissertation proposed a 

method to assess the voltage stability of a power system based on 

uncertain factors to monitor the stability of the power system in real 

time. 

2. The purposes of the research 

- Propose a method of simplifying the schematic diagram of a 

power system for the stability evaluation; 

- Propose an algorithm and calculation program to effectively and 

quickly determine the safety operation area based on the static stability 

restrictions in power plane; 

- Analyze and select the method to determine the random functions 

of operating parameters based on the data collected from actual 

operation in the past; 

- On that basis, a stability monitoring program (SMP) for the power 

system in the load plane of the load bus according to uncertainties of 

the source, load and grid structure is written; 

- The program can retrieve data from the SCADA system to 

calculate about the operating parameters of the power system, so that 

will provide a tool for monitoring the voltage stabilization of the power 

system by the capacity of the load node in real time. 

3. Research methods 

- By analyzing the advantage and disadvantage of methods for 

power system stability evaluation, the Markovit’s standard was used 

in this dissertation. This method allows for a quick calculation of the 

results that are suitable for the purpose of monitoring the power system 

in real time; 

- By combining the Gaussian elimination algorithm and the matrix 
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transformation, an algorithm and program for converting a complex 

power system into a radial equivalent diagram consisting of the source 

nodes and a considered load node was constructed; 

- Using the radial equivalent diagram and pragmatic standard based 

on derivative of dQ/dU to propose an algorithm and program which 

plots boundary curve of load capacity according to static-stability 

boundary conditions (LCBCAP) in power plane. Compare the results 

of the calculation with the software used to evaluate the reliability of 

the program; 

- Based on the data collecting from the operating parameters of a 

power system in the past, the author proposed the random distribution 

functions for each parameter and then using SPSS software to make 

the random data set of the operation parameters of a power system; 

- From the above random data set, by using LCBCAP to construct 

a program of determining the hazardously working area of the load 

node in the power plane; 

- Author implemented the stability monitoring program (SMP) to 

Vietnam’s power system up to 2025 according to uncertainty factors 

of load capacity. 

4. The object and scope of research 

The research object:  

- Methods of calculating, analyzing and evaluating the power 

system stability; 

- Uncertainty factors of source and load, fault probability on the 

transmission line, transformer; 

- Equivalent diagram method based on Gaussian exclusion 

algorithm, matrix transformation methods; 

- Pragmatic standard dQ/dU to evaluate the voltage stability 

according to the change of load capacity. 

The research scope: 

 Use the dQ/dU pragmatic standard and the equivalent diagram 

method to propose the algorithm determining the boundary curve of 

the load capacity according to static stability constraints. On that basis, 

the program was written to determine the dangerous work area of the 

load capacity according to static stability. This algorithm and program 

were implemented to write a stability monitoring program for 

Vietnam’s power system up to 2025, in which only considers random 

factors of load capacity. 
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5. Contents of the dissertation 

- Introduction. 

- Chapter 1. Overview of methods of calculating, analyzing and 

assessing power system stability. 

- Chapter 2. The method determining permissible working area 

according to stability boundary conditions in the power plane. 

- Chapter 3: method of evaluating stability levels of power systems 

based on uncertainty factors. 

- Chapter 4. Application of constructing stability monitoring 

program for the 500kV power system in Vietnam according to unstable 

factors.  

- Conclusion and recommendation. 

6. The meaning of science and practice of the dissertation 

The meaning of science: The dissertation has the following 

contributions: 

- Proposed an equivalent diagram method to convert a complex 

power system to a radial diagram consisting of the source node and a 

considering load node. The method allows building program of short 

circuit calculations, stability analysis; 

- The proposed method for quickly determining boundary curve of 

the capacity of load node in power plane according to static stability 

constraints. From this method, a stability monitoring program 

according to the measurement information in real time is written; 

- Considering the uncertainty factors of the operating parameters of 

the power system, a method of determining the hazardous work area 

in the power plane of the load node has been proposed according to the 

stability boundary conditions. From the operating status of the load 

node and the hazardous work area, it is possible to assess the safety 

level of the power system. On the basis of that, it is easy to find 

solutions to improve the safe operation of the power system. 

The meaning of practice: The dissertation has practical contributions 

as follows: 

- Based on the proposed methods in this dissertation and the 

measurement information on the operation parameters of the power 

system from the SCADA system, it is possible to write a stability 

monitoring program for an actual power system. The program allows 

evaluating the stability level of the power system according to the 

operating modes in real time. 
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- Combined the stability monitoring program with the simulation, 

by controlling the operation parameters to find solutions to adjust the 

parameters of the actual power system to improve stability.  

CHAPTER 1. OVERVIEW OF METHODS OF 

CALCULATING, ANALYZING AND ASSESSING POWER 

SYSTEM STABILITY 

1.1. Introduction 

1.2. Methods of calculating, analyzing and evaluating the stability 

of power system 

1.2.1. Calculation method according to energy standard   

1.2.2. Stability assessment according to Lyapunov standard 

1.2.3. PV and QV curve analysis method  

1.2.4. VQ sensitivity analysis and QV modal analysis [2] 

1.2.5. Power system stability analysis by indexes  

a. Line Stability Index (Lmn)  

b. Fast Voltage Stability Index (FVSI) 

c. Voltage Collapse Point Indicators (VCPI) 

d. Line Stability Index (LQP) 

e. Voltage Stability Margin (PVSM) 

1.2.6. Markovits’ pragmatic standards 

1.3. Method selection 

 Each method of stability assessment of power system has its own 

characteristics and is applied to each reasonable and specific case. 

appropriate. This dissertation aims to the voltage stability assessment 

at the load node and hence, the Markovits’ pragmatic standard dQ/dU 

will be used to calculate and analyze the power system stability. The 

proposed method of building a stable boundary in the power plane 

according to dQ/dU <0 and consideration uncertainties of the power 

system will help analyze and evaluate the power system stability at 

load node easily. It is easier and more accurate than the method 

suggested in [8]. In addition, because the dangerous work area was 

built offline, the voltage stability monitoring at the load node only 

considers the trajectory of the load in the power plane without 

calculation of the many loops, so the calculation is very fast. This is a 

great advantage of the method and the basis for online monitoring. 

1.4. Conclusion  

 The analysis of stability assessment methods shows that each 
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method has advantages and disadvantages. The purpose of this 

research is to build a tool for the assessment of power stability in real 

time. Therefore, this dissertation will use Markovits’s pragmatic 

standards of to construct permissible work area according to the static 

stability constraints of the load capacity in the power plane (Stability 

Work Region method: SWR method). 

 During operation, the operation parameters and structure of power 

system often change randomly according to an operation mode. To 

assess the stability level of the power system in accordance with actual 

operation conditions, the dissertation will incorporate the SWR 

method with the operation parameters’ uncertainty factors and power 

system’s structure to determine the dangerous work region (DWR) in 

the power plane. The calculation program identifying the dangerous 

work area in the power plane can be connected to the peripherals to 

obtain the power system’s operating parameters and this allows for 

real-time monitoring of the power system stability. 

CHAPTER 2. THE METHOD DETERMINING PERMISSIBLE 

WORKING AREA ACCORDING TO STABILITY BOUNDARY 

CONDITIONS IN THE POWER PLANE 

2.1. Introduction 

 To determine the stability reserve level, it is firstly necessary to find 

the appropriate method to convert any complex diagram to the radial 

diagram consisting only of the source nodes and the considered node 

shown in Fig. 2.1a [5]. From this radial diagram, we use the dQ/dU 

pragmatic standard to determine the stability boundary curve in the 

load node’s PQ plane (LNPP). This stability boundary curve divides 

LNPP into a stability work area and an instability work area as shown 

in Figure 2.1b. 
E1

E2

Ei

Sj

1

2

i

Uj

Y1j

Y2j

Yij

Y10Y20

Yi0

Yj0

EF

YFk

YF0
F

(a)   
0

Qi

Pi

Vùng ổn định

Vùng làm việc 

không ổn định

Biên giới ổn 

định

Q0

P0
M

(b)

Pgh

Qgh  
Figure 2.1. The equivalent diagram of power system (a) and stability work 

area in LNPP (b) 

2.2. Method of equivalent diagram calculation 
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2.2.1. Steady-state equation set of power system  

 From the power system’s diagram and parameters, it is possible to 

determine the steady state equation set according to the impedance of 

power system as follow: 
. . . . .

1 2 F n 111 12 1F 1n. . . . .

1 2 F n 221 22 2F 2n

. . . . .

1 2 F n FF1 F2 FF Fn. . .

1 2 F(F+1)1 (F+1)2 (F+1)F (F

Y U + Y U + ... + Y U + ... + Y U = J

Y U + Y U + ... + Y U + ... + Y U = J
... ... ... ... ... ... ... ... ... ... ... ... ...

Y U + Y U + ... + Y U + ... + Y U = J

Y U + Y U + ... + Y U + ... + Y
.

n+1)n

. . . .

1 2 F nn1 n2 nF nn

U = 0
... ... ... ... ... ... ... ... ... ... ... ... ...

Y U + Y U + ... + Y U + ... + Y U = 0












 (2.5) 

 Thus, with a forgiven grid structure, the self-impedance Yii and the 

mutual impedance Yij are complex constants so the steady-state 

equation set (2.5) is linear with the node voltages [5]. 

2.2.2. Proposal of equivalent diagram method  

 Combination of GAUSS algorithm and matrix transformation, this 

dissertation proposes the Gaussian Elimination Method and Matrix 

Transform (GEMAT) as follow:  

- Step 1: Build impedance matrix Ybus 

 11 12 1F 1(F+1) 1N

21 22 2F 2(F+1) 2N

F1 F2 FF F(F+1) FN

(F+1)1 (F+1)2 (F+1)F (F+1)(F+1)   ... (F+1)N

N1 N2 NF N(F+1)   ... NN

Y Y ... Y Y   ... Y

Y Y ... Y Y   ... Y

... ... ... ... ... ...

Y Y ... Y Y    ... YY =

Y Y ... Y Y Y

... ... ... ... ... ...

Y Y ... Y Y Y











 
 
 
 
 
 
 



 (2.8) 

- Step 2: Determine the considered load node j (optional) in (2.8), 

we move the jth row to the (F + 1)th row and the jth column to the (F + 

1)th column 

- Step 3: Use GEMAT algorithm to narrow the matrix Y from 

(NxN) to ((F + 1) x (F + 1)) by using the expression (2.11). 

 

(k) (k)

ik kj(k-1) (k)

ij ij (k)

kk

Y Y
Y = Y -

Y
 (2.11) 

 Carry out continuous transformation with k varying from N to (F + 

2) to narrow the matrix Y (2.8) to an equivalent matrix (2.12). 

 

11 12 1F 1(F+1)

21 22 2F 2(F+1)

F1 F2 FF F(F+1)

(F+1)1 (F+1)2 (F+1)F (F+1)(F+1)

Y Y ... Y Y

Y Y ... Y Y

... ... ... ... ...Y =

Y Y ... Y Y

Y Y ... Y Y

 
 
 
 
 
 
 
 

 (2.12) 
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- Step 4: Calculate equivalent impedance Yij in the equivalent 

diagram. Terms of Y1(F+1), Y2(F+1) ….YF(F+1) in (2.12)  are equivalent 

impedance Y1j, Y2j ….YFj from source nodes to the load node j. From 

self-impedance, Yii can determine Yi0 in the equivalent diagram as: 

 
F+1 F+1

ii ij i0 ii ij ii i0

j=0 j=1 ii i0
j¹i j¹i

1 1
Y = Y Y = Y - Y Z = ;Z =

Y Y
            (2.13) 

 ' ' '

j0 j0 L j0 j0 j0 L j0 '

j0 j0

1 1
Y = Y + Y Z = ;Y = Y - Y Z =

Y Y
               (2.14) 

 From above calculation steps, 

we are completely able to convert a 

complex diagram with n nodes to a 

simple diagram which only consists 

of F source nodes connecting to a 

considered load node j as figure 2.3.  

2.3. Program calculating 

equivalent diagram by GEMAT 

2.3.1. Algorithm 

 Based on the above analysis, we develop an algorithm for making 

a simplified equivalent diagram for the considered network, as in 

Figure 2.4. 

 

Compute and form admittance matrix Y of 

the system 

Start

Power system components libraries

Calculate 

admittances of all 

branches of the 

system

Check information of power 

system (System parameters and 

operating parameters)

Sa
ve

 m
atr

ix 
Y

Select the load bus i to calculate

Calculate admittances for simplifying the 

network diagram using (4) and

k = N-1

Exchange row i and row (F+1), column i and 

column (F+1) in matrix Y

k < (N - F-1)

Set value k = N

End

True

False

True

False

Calculate admittances of the simplified 

equivalent diagram  with (F+1) buses in Fig. 3

Save result

Input data of the system

(System parameters and operating 

parameters)

 
Figure 2.4. Algorithm for making a simplified equivalent diagram based on 

GEMAT 

2.3.2. Program calculating equivalent diagram  

 The program to calculate an equivalent diagram by using GEMAT 

has to interface as figure 2.5.  

E1

E2

Ei

2

i

Uj

Y1j

Y2j

Yij

Y10Y20

Yi0

Y
 
j0

EF

YFk

YF0
F

YL

 
Figure 2.3. Result of diagram 

transformation by using GEMAT 
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Figure 2.9. Database Interface (a) and original single diagram of power 

system 

2.4. Building stability work area in the power plane of a complex 

power system  

 Suppose that a power system with (N + 1) nodes including the 

ground node (denoted 0), the source nodes are numbered from 1 to F, 

the loads are replaced by fixed impedances, other nodes are connection 

nodes. By using the GEMAT method, we can obtain a simple diagram 

as shown in Figure 2.11. 

 The equation of reactive power balance at load node j is described 

as: 

( )
2

2 2 F
1 j 2 21

L(j) L(j) j kj- j j2
k=21j 1j

2
2 2F F

k j 2 2k 1 k
kj- j j j2

k=2 k=2kj kj 1j kj

E U sinα
Q = - P + RU - P + U

Z Z

E U sinα cosα cosα
    + - P + U - + X + U

Z Z Z Z

 
 
 
 

   
   
   
   



 

(2.21) 

E11Z1j P1j-1 + jQ1j-1

Z10

P10 + jQ10

P1j-j + jQ1j-jZ2j

Z20

P20 + jQ20

Zij

Zi0

Pi0 + jQi0

ZFj

ZF0

PF0 + jQF0

Z0= R0+ jX0

P0 + jQ0

SL(j)= PL(j)+ jQL(j)

E22

Eii EFF

Uj

PFj-F + jQFj-FPFj-j+ jQFj-jPij-i + jQij-i Pij-j+ jQij-j

P2j-2 + jQ2j-2 P2j-j+ jQ2j-j

 
Figure 2.11. Equivalent radial diagram of the power system with Fsource 

nodes 

a. Step 1: suppose that all source meet reactive power demands in the 

power system. It means: 

 k min kj kMa x_kQ Q Q   với 2,k n =  (2.22) 

 From contains (2.22), the relationship between reactive power 

supplied by sources and voltage at node j can be obtained by  

(a) (b) 
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 ( ) ( ) ( )
F

a a a

j 1 j k j r j

k=2

f U = f U + f U - 2A U = 0  (2.34) 

 From (2.34) and constraints, we can plot a stability boundary curve 

in power plane. 

b. Step 2: Suppose that we have s sources in within adjustment range, 

so (F - s) sources are fully adjustable. It means: 

 kjmin kj k kjMaxQ Q Q−   với k (2 s) =  ;  

 ij-k ijminQ Q  hoặc ij-k ijMaxQ Q  với i (s 1 F) = +   (2.36) 

 From (2.36), the relationship between the reactive power supplying 

by sources and the voltage at the load node j is determined by (2.44) 

 ( ) ( ) ( )
s

b b b

j 1 j k j r j

k=2

f U = f U + f U - 2B U = 0  (2.44) 

 From (2.44) and constrains, we plot the stability boundary curve in 

PQ plane. 

 Thus, for a complex power system with F sources, we can use 

(2.34) or (2.44) to calculate the boundary points and then we plot the 

permissible work area according to static stability constraints for the 

load node in the power plane. 

2.5. Program determining the permissible work area according to 

stability boundary conditions in the power plane 

2.5.1. The algorithm to build the permissible work area according to 

stability boundary conditions in the power plane 

 The algorithm is described as figure 2.12. 
Start

Input Data

Cal cu late par am ete rs  f o r  

epu iva len t  d iagr am  and  

s imple  the  d iagr am

S et  value of  DP

P t  =  0 ;  i= 1

Com put  Mi( Qt i ,P t i )  uss ing  e quat ions 

f r om ( 2 .29) - ( 2 .60)

Qi    

P lo t  c har acte ris t ics  o f  sta b i l i ty  l imi t  

on  power  p la ne

Saving 

results

Pt = Pt +DP

i = i + 1

end

T

F

 
Figure 2.12. Algorithm for drawing the characteristics of the stability limit 
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2.5.2. Building the permissible work area according to stability 

boundary conditions in the power plane 

 The Main interface of the program as figure 2.13. The program 

allows to calculate a power system with several thousand nodes and 

any structure. Calculating time is fast and the interface is friendly to 

use. 

 
Figure 2.13. Program’s interface (a) and static-stability boundary curve (b) 

for IEEE 39 bus diagram 

 The program allows for the construction of a permissible working 

domain under stable constraint conditions in PQ plane at load bus in 

any structured marshaling scheme. For example, look at the load bus 

25th in the IEEE 39 bus diagram by right-clicking on the bus 25th in the 

interface diagram and selecting "Operation Mode" as shown in Figure 

2.13. The program calculates and gives the resultant working domain 

constraint in PQ plane as shown in Figure 2.14. 

 
Figure 2.14. Results of calculations at bus 25 of IEEE 39 bus diagram when 

the load is SWR (a) and how to determine stable static reserve (b) 

 From the result shown in Figure 2.14 shows that the bus 25th is 

working in a stable region, so the probability of instability is 0%. This 

can be concluded with the current operating power, the bus 25th is 

perfectly stable. Statistically, the stable reserve is 77.5% 
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- Significance and Defining Static Stability Reserved: In a defined 

mode, the working point of the node load k = 25 in the PQ plane is 

completely determined with the coordinates Mk(Pk, Qk) as shown in 

Fig. 2.14b. The straight line kOM will cut the limit property at the point 

Mc (located on the stable boundary), the power corresponding to the 

point Mc is steady-state power (Sgh) of the load factor k with respect to 

system the cosk of the node load k remains constant. The static 

stability reserve is calculated by the expression (2.45): 

 2 2 2 2

gh pt k c c k k

dt 2 2
gh c c

S S P Q P Q
K % 100 [%

S P Q

_
] = 100  

− + − +
=

+

 (2.45) 

 For example, the bus 25th of Fig. 2.14b above, the working point 

coordinates M25(380, 230), the point coordinates of the cut point 

located on the boundary line are stabilized by the computation program 

Mc(1725, 975) (method Determining the coordinates of this cut point 

is shown in Section 3.3.2). The statically stable reserve will then be:  

 
2 2 2 2

dt 2 2

1725 975 380 230
K % 100 77.5 [%

1725 975

+ − +
=

+
 =  ]  

 Thus, based on the static stability reserve, the operator can evaluate 

the stability at the time of considering the load k and how it will make 

the appropriate adjustment decisions. The power system always works 

safe, reliable. 

2.5.3. Program’s reliability assessment 

a. Comparison with PowerWorld and Conus software 

 
Figure 2.16. Computed program interface for IEEE 9Bus diagram  

 To test the similarity of the program with some of the software 

currently in use, the dissertation utilizes the IEEE 9bus scheme to 

calculate and validate results with features of Conus 7.0 software 
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currently in use at power system division of Hanoi University of 

science and technology. In addition, PowerWorld simulation of PTI is 

also using to calculate in this test.  

 Table 2.3 shows the calculating result with three fields for eight 

script output matching. 

Table 2.3: The calculation result analyzes the operating scenarios 
Content KB 1 KB 2 KB 3 KB 4 KB 5 KB 6 KB 7 KB 8 

P5 [MW] 125 245 245 200 225 225 225 225 

Q5 [Mvar] 50 205 215 205 229 210 210 210 

P6 [MW] 90 90 90 125 125 125 125 125 

Q6 [Mvar] 30 30 30 60 60 60 60 60 

P8 [MW] 100 100 100 125 125 125 125 125 

Q8 [Mvar] 35 35 35 60 60 60 60 60 

Tripping line none none none none none DZ 78 DZ 89 DZ 46 

The program 
stable 

(62.9%) 

stable 

(1.81%) 
Not stable 

stable 

(10.9%) 

border 

stability 
Not stable Not stable Not stable 

Conus Stable Stable Not stable stable Not stable Not stable Not stable Not stable 

PowerWorld 
stabl

e 
stable border 

stability 
stable 

border 

stability 

Not 

stable 
Not 

stable 
Not 

stable 

 From the comparison results in Table 2.3 above, the proposed 

program has reasonable, reliable and applicable calculation results. 

The results of the proposed program have also quantified the degree of 

danger that can occur unstably, and importantly allow the operator to 

set up the operator scenario as well as the regulator to come up with a 

corrective solution. Timely, reasonable to pull the system to work 

safely stable when stable reserves of the system tend to drop. This is 

something that other software has not yet shown visually. 

b. The simulation model for static stability monitoring in the power 

plane according to measurement information  

 
Figure 2.26. Monitoring power system stability in real time 

2.6. Conclusion 
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 By using the Gaussian exclusion algorithm in conjunction with the 

matrix transformation, the proposed GEMAT method is used to 

calculate the isoelectric scheme of the electrical system. On the basis 

of the proposed methodology, an algorithm flow map and an 

isomorphic program for the electrical system (GEMAT) were 

developed. GEMAT has the following main functions: 

- Data input power system allows input system parameters into the 

data table and saves to the data file, 

- Data processing: Open available data files, edit and saves 

- Library of electrical system elements: Allows updating the 

parameters of electrical system components such as Generators, 

transformers, lines, ... 

- Diagram display: Allows you to set up an electronic map of the 

screen and save it with a metadata file. The diagram shows the full 

power system components and capacity at the load node, and allows 

direct adjustment of the load capacity on the screen, 

- Calculate the isomorphism of the electrical system diagram: 

Allows for the isometric calculation of the electrical system diagram 

of any load node to be surveyed. 

 Using the GEMAT algorithm and the method of evaluating the load 

node voltage stabilization according to the pragmatic standard of 

Markovit, the algorithms algorithm was calculated and the permissible 

permutation domain workstation was defined according to the gender 

conditions. Static stability in the power plane. The program allows 

calculation of complex power systems up to thousands of nodes, stable 

domain is applied calculation for IEEE 39bus in power system to 

introduce the program features such as: enter power system data; data 

processing; display diagram; calculates the allowable domain 

definition. Through reconciliation with the Connus program shows 

that the calculation results of the program ensure the accuracy needed. 

 Thanks to the fast calculation speed of the stable domain, it is 

possible to use the working area in the power plane to monitor the 

power system stability in real time. Installation of programs for 

computers connected to peripheral devices to obtain information on 

operating parameters of the actual electrical system provided for the 

program, the results of calculating the "permissible working domain" 

is displayed on the screen. Continuous updating of the "permissible 
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work domain" information is continuously displayed, based on the 

distance from the work point of the load to the limit property, which 

allows the evaluation of the stability of the electrical system. To 

evaluate the practical applicability of the stable domain, a simulated 

monitoring simulation model for the 9bus IEEE power system was 

developed. The results show that the calculation program can 

completely perform calculations based on the updated operating 

parameters from the simulation table, the "allowed work area" changes 

when there is a change of parameters from the simulation table. 

CHAPTER 3: METHOD OF EVALUATING STABILITY 

LEVELS OF POWER SYSTEMS BASED ON UNCERTAINTY 

FACTORS 

3.1. Introduction  

3.2. Random characteristics of operating parameters and 

structures of power systems 

3.2.1. Binomial Distribution Function 

3.2.2. Poisson Distribution Function  

3.2.3. Normal Distribution Function 

3.2.4. Weibull Function 

3.3. Method to build allowing working domains in PSP based on 

uncertainty information of power systems  

3.3.1. The algorithm of the proposed model 

- Step 1: System data input, including the meshing data to be 

calculated such as principle diagram, particle parameters (Generators, 

Transmission lines, Transformers, compensation equipment, etc.), 

operational data System of the system (load data, source, etc.) and 

random data sets. 

- Step 2: Use the isomorphism calculation module developed in 

Chapter 2 to equate the location of the node to be surveyed. 

- Step 3: Read the random set of N1 samples in the table of random 

parameters of the load. This dataset serves as the basis for calculating 

dangerous domain construction in the Power plane. 

- Step 4: Set the initial values and use the formulas from (2.29) to 

(2.60) to calculate the points located on the stable boundary 

corresponding to the randomized readings. This process will be 
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repeated loop N1 with respect to N1 sets of randomized values have 

been constructed. After calculating the Mi(Qi, Pi) values will be drawn 

on the Power plane as shown in Figure 3.3. 

- Step 5: Calculate the probability of instability and display the 

alerts. 
Start

Input data of the system

Select load at the bus considered and make simplified 

equivalent diagram using GEMAT

Generate set of N1 random samples according to 

probability distribution functions of random factors in 

the system

k = N1

Compute probability of instability

Sa ve  

re sul t
k = k+1

End

Set k = 1

Calculate and plot P-Q curve for 

each sample using formulars from 

(2 .29 ) t o (2. 60)

True

False

 
Hình 3.4. The algorithm of the proposed model 

3.3.2. The method to determine the cut-off point characteristics 

Applying the Markovits standard will determine the set of finite 

setpoints Mgh(Pgh, Qgh), then join these limit points together we will 

build a stable boundary in the power plane as Fig. 2.1b and the 

coordinates of n limit points are stored in the result file (Figure 3.4). 

Based on these limits to determine the coordinates of the point Mc 

(Figure 3.5) as follows:  

- Step 1: In response to a 

working mode, the additional 

capacity is determined at the 

point M1(P1, Q1) in the power 

plane (Figure 3.5), setting the 

line d2 across the origin O(0, 

0) and point M1(P1, Q1). 
0

Q [Mvar]

P [MW]

Q1

P1

M1

Mi+1

Mi

Qi+1 Qi

Pi

Pi+1

Mc

Qc

Pc

M2

P2

Q2

d2

d1

 
Figure 3.5. Determine the cut point 

coordinates in the danger work region 
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- Step 2: Construct a straight line d1 across Mi and Mi+1, where Mi 

is the coordinates of the limit points Mgh(Pgh, Qgh) stored in the result 

file, for i change from (1n) will determine the pairs (Mi and Mi+1) and 

(n-1) the corresponding line d1. 

- Step 3: From the characteristics of d1 and d2, the coordinates of 

point Mc(Pc, Qc) can be defined as satisfying the following conditions: 

  

i c i 1

i 1 c i

P P P

Q Q Q

+

+

 


   
- Step 4: Check whether the load point is in the danger zone. The 

load point may be point M1 or point M2 (Figure 3.5). However, only 

points in the range from Mc to M2 are in the danger zone to be 

considered, so we only consider the Mk(Qk, Pk) of the additional load 

satisfying the condition: Qk  Qc or Pk  Pc. 

3.4. Develop a program to identify dangerous work areas in the 

power plane for the electric system 

3.4.1. Develop a program to identify dangerous work areas 

3.4.2. Apply calculation for IEEE 39bus diagram 

a. Parameters of the power system elements 

b. Operating parameters of power system 

c. Construction of a random set of load data for the IEEE 39bus 

diagram 

d. Interface diagram of IEEE 39bus 

 The interface diagram of IEEE 39bus is built as shown in Figure 

3.12. All the isomorphic computational mapping operations and the 

stable limit property construction are performed on this interface 

window. When it is necessary to evaluate the working mode under 

voltage stabilization conditions of any additional node, press the right 

mouse button on the bus position. 

 In the power plane, the PQ buses are divided into three catalogs: 

the safety domain (Domain 1) in which the power system is completely 

stable (Fig. 3.14a); the unstable domain (Domain 3) in which the 

power system losing the static stability (Fig. 3.14c), the dangerous 

domain (Domain 2) where the operation of PQ buses (Fig. 3.14b) is 

the cause of the loss of stability of the power system with a certain 
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probability, e.g. the program displays that the probability of the loss of 

stability of the power system is 17.6% for bus 25 (Fig. 3.14b). In this 

case, depending on the priority level for the additional load node, when 

the probability of instability exceeds the allowable value, the 

moderator will have a plan to adjust the load node to increase the SWR. 

 
Figure 3.12. Monitoring diagram IEEE 39 bus  

  
Figure 3.14. The stability of the power system according to the working 

position of the load node capacity 25 

 The stability of the system will then pull the work point of the 

additional node to a stable secure position. When it is necessary to 

Domain (2) 

Domain (3) 

Domain (1) 
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make a quick adjustment to avoid system instability, the results of the 

program will show exactly how much the load of the load node will be 

for the system to return to its stable state. safe location. Thus, the 

program allows monitoring of the operation of the load power and 

control this capacity to improve the stability of the power system. 

3.5. Conclusion 

 In the operation of the power system, all operating parameters such 

as output power of power plants, the used power of demand often 

change randomly, all occurred contingencies which lead to power 

plants, transformers, and transmission lines stop working are 

uncertainty factors. This issue results in all parameters such as voltages 

of buses, power, and current in transmission lines change randomly as 

well. No doubt that in the reality, the operating parameters of the power 

system change randomly, thus it is necessary to select the suitable 

methods to timely monitor and control to improve the reliability of the 

operation of the power system. 

 Based on measuring devices and the SCADA system, they allow 

collecting randomly a set of data regarding the parameters of the power 

system in the normal operating mode. This set of data is used to 

determine all parameters and types of the probability distribution 

functions. Normally, the power system has some distribution functions 

as follow: Binomial Distribution Function, Poisson Distribution 

Function, Normal Distribution Function, and Weibull Function. 

According to the investigations of supporting software used to analyze 

and create the data, the thesis proposes to use the SPSS software of 

IBM to randomly build a set of data for power at all PQ buses.   

 Using both SWR method and the set of random input data which is 

determined by random functions of power at PQ buses, the program 

used to determine the dangerous operating domain based on the static 

stability constraint conditions in the power plane. The program has 

some main functions as follow: Update and investigate data, simulate 

the power system, compute to determine the dangerous operating 

domain, evaluate the dangerous levels regarding the operating mode 

of the power of demand.  

 The program is installed in a computer which connects to 

peripherals to provide the parameters of demand, thus the program can 

monitor the reliability of the operation of the power system 
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considering all uncertainty factors. With a certain operating point, 

according to the location of the operating point which falls inside or 

outside, the program will calculate and display the safety level of the 

power system. For the proposed method, the dangerous work area is 

based on a random set of operating parameters and grid structure. 

Therefore, the accuracy of the calculation results depends on the 

construction of the random data sets, which are especially needed in 

the development of the application programs for the actual mowers. 

CHAPTER 4. APPLICATION OF CONSTRUCTING 

STABILITY MONITORING PROGRAM FOR  500KV POWER 

SYSTEM IN VIETNAM ACCORDING TO UNSTABLE 

FACTORS 

4.1. Status and overall planning of the 500kV transmission system 

in Vietnam up to 2025 

4.1.1. Status of 500kV transmission system operation 

4.1.2. Plan of 500kV transmission in Vietnam till 2025 

4.2. Operation parameters of 500kV substation in Vietnam 

4.2.1. The reality of supply – Demand for power 

4.2.2. The collection and processing of data and determination of the 

random law of the additional charge bus 

4.3. Construction of random data sets of power P, Q for additional 

charge buses at 500kV Substations 

4.4. Application to calculate, determine the dangerous operating 

area of additional charge capacity in power plane for the 500kV 

transmission system in Vietnam 

4.4.1. Diagram of power system 

4.4.2. Parameters of the system elements 

4.4.3. Select the basic operating mode 

4.4.4. Application to calculate, determine the dangerous operating 

area of additional charge capacity in power plane for the 500kV 

transmission system in Vietnam 

 The interface of the principle diagram of the 500kV Vietnam power 

system for the period 2016-2025 is shown in Figure 4.10. The 

calculation of diagram equivalent and constructing the stability limited 

characteristics is done on this interface window. 
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 Figure 4.10. The partial interface of principle diagram of the 500kV Vietnam 

power system for the period 2016-2025 

4.5. Analyze and evaluate the level of stability of the 500kV power 

system in Vietnam 

 
Figure 4.11. The stable level of power system according to the 500kV 

Danang Substation 

(a) (b) 

(d) (c) 

(e) 
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 In order to have a basis for analyzing the working modes of the 

system, on the basis of the random data of the loads already built 

above, the thesis has calculated the construction of hazardous working 

areas in the power plane according to voltage stabilization limits for 

the 500kV Vietnam power system in the period till 2025. Calculated 

results are presented in detail in Appendix 4 and summarizing the 

calculation results and the risk assessment in different scenarios as 

Table 4.5. The Operator Operators can make appropriate adjustments 

after reading the information from the data in Table 4.5 and the results 

in Appendix 5. For example, with 500kV Danang Substation: 
Table 4.5. Sum up calculating results of script probability for 500kV Vietnam 

power system up to 2025 

 
- Stable work area in the power plane has defined the boundaries of 

three clear work areas for each load node corresponding to the safe 

work zone, dangerous work area and an unstable area. The dangerous 

work area will be determined from the lowest stable boundary limit 

(Figure 4.11b) to the highest stable boundary (Figure 4.11d). 

- When the load factor P, Q of the load node works in the safe zone, 

the probability of instability is zero (Figure 4.11a). If this work site 

moves into a hazardous area, depending on the location of work in the 

danger zone it will have a varying hazard rating of 0% <P <100%, as 

shown in Figure 4.11c, d. Depending on the importance of the load 

node, the operator will make appropriate adjustments to return the 

work area back to the safe area before the machine is unstable (Figure 
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4.11e). 

- Dangerous work zones are based on random loads at the nodes in 

the marshaling scheme and are built completely offline. The online 

maneuver here is to monitor the working point of the node under 

consideration. Based on the work location of the load node and the 

hazardous work area, the program calculates and displays the level of 

stability of the gearbox according to the load node capacity. The 

calculation and display of the stability of the motor are very fast 

(almost instantaneous), so it completely meets the requirements of 

monitoring in real time. 

- In addition, based on the limits of the dangerous work area, it is 

possible to calculate the conversion of the steady-state operation 

limitation according to the capacity of the transformer at the load node 

as in Table 4.5. Accordingly, the dangerous work area will start from 

the total dangerous load value min of the additional node 

(corresponding to the lowest limit in the danger zone) S*Lmin [MVA] 

corresponds to the level of bearing the minimum dangerous load is 

K*Lmin [%] to the maximum hazardous load value of the load S*Lmax 

[MVA] corresponding to the maximum hazardous load of the 

transformer K*Lmax [%]. Where: 

  
Lmin Lmin Lmin

Lm Lm Lm

Lmin Lmin dmMBA

Lm Lm d

2 2

2 2

ax ax ax

ax mMBAax

S

]

) (Q )    [MVA]

) (Q )   [MVA]

/          *

* (P * *

S* (P * *

 

K S* S

K * S* S

  [%]

/           [%

= +

= +

=

=





              (4.1) 

 Thus, in addition to monitoring the point of work of the node load 

in real time, through the dangerous domain can identify the dangerous 

load area of the transformer at the node load. For example, the Da 

Nang 500kV load node, when the transformer carries about 76% 

(K*Lmin = 0.76) rated power, the starting point falls into the danger zone 

and if the load carrying capacity of the transformer greater than 92% 

(K*Lmax > 0.92), the system will be unstable (Table 4.5). 

4.6. Conclusion 

 The results of the study in Chapter 3 are used to develop a 

monitoring program for the 500kV system in Vietnam up to 2025, 

taking into account uncertainties. 
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 By analyzing the collected past data of the load capacity at the 

500kV substations, we have found the random distribution of load 

characteristics in the normal distribution. Based on that, SPSS 

statistical software was used to calculate, analyze and construct a 

random dataset of load capacity. 

 Updating the random dataset for the stable monitoring program 

allows the calculation of the dangerous work area of the load capacity 

of the 220kV busbars at the 500kV substation. stable monitoring 

programs can receive additional load parameters from peripherals or 

update directly from the computer keyboard. Using the keyboard 

update data to survey some operating modes of the Vietnam power 

system, the results are as follows: 

 - Most of the normal working conditions of the power system, the 

working point of the power at all the load nodes are in the safe zone. 

This shows that the development plan of the Vietnam power system 

by 2025 ensures operational reliability in terms of load node voltage 

stability. 

 - In the case where the additional load factor is assumed to be close 

to the substation rated power or the power flow on the large 

transmission lines, then there are some point nodes working in the 

danger zone: Da Nang, Ha Tinh, Doc Soi, Pho Noi (Table 4.5). 

 With the results of the thesis, plus the databases collected from the 

SCADA systems, it is possible to build stable monitoring programs for 

the actual power system to the uncertainty factor. 

CONCLUSION AND RECOMMENDATION 

1. Conclusion 

- Based on the research objectives set out, the thesis "Study on 

monitoring of Power System Stability in Real-Time" has multiple 

contributions in research of voltage stability as follows: 

- Propose an equivalent method of GEMAT calculation: An 

arbitrary power system network can be represented by a simplified 

equivalent circuit. Results of the proposed GEMAT calculation 

method can be applied to calculate power system analysis, faults and 

stability. 

- Build a simulation program to evaluate the allowed operational 

region of power systems according to the static stability limitation in 

power plane: This program can analyze multiscale power system 
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networks and has been used to analyze the 39-node IEEE power 

network. The simulated results show that the program can be used to 

analyze any practical power networks with real operational 

parameters. 

- Propose unique probability functions to monitor, analyze and 

generate appropriate operational parameters such as  loads, fault 

probability of elements and generator’s instability factors adapted to 

power system changes: Based on the results of supported software 

analysis on operational parameters and multiple probability’s 

functions such as the binomial distribution, Poisson’s distribution, 

standard distribution and the Weibull function, the software of SPSS 

from IBM is suitable to build the random parameters of load power at 

any node in the analyzed power system. 

- Build a program to calculate the dangerous operational regions 

of power system according to the limitation condition of static stability 

in the plane of power: This program can be updated and analyzed the 

system’s parameters, modeled the power system networks; calculate 

the dangerous operational regions of power system networks; evaluate 

level of danger according to operational conditions of load power in 

real time. 

- Apply the simulation program of evaluating the allowed 

operational region of power systems according to the static stability 

limitation in power plane to evaluate the 500kV power system of 

Vietnam in 2025 phase with instability factors of loads. 

2. Recommendation 

 Based on the research results of this dissertation, some tendencies 

in the future are proposed as follows: 

- Study on connecting the program with the SCADA system to 

retrieve data for online monitoring. 

- Study on the applicating of FACTS models to apply additional 

tools for the program. 

- Study some advanced tools of IBM SPSS software to build a 

dataset of an incident probability of electrical system components in 

case of inadequate statistical data sets. 

- Optimized database programming to increase processing to 

speed up computing even faster and handle connection errors that may 

occur when connecting data to a SCADA system. 
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