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ABSTRACT 

 

The basic idea deals with detecting the voltage collapse ahead of time to provide 

the operators a lead time for remedial actions and for possible prevention of 
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blackouts. To detect cases of voltage collapse, pattern recognition in conjunction 

with power system simulator for engineering (PSSE) program was created and then 

deployed in Nigeria 330KV integrated power system to develop Regularized Least 

Squares Classification (RLSC) as well as Classification and Regression Trees 

(CART) heuristic methods for separating voltage stability cases from unstable 

voltage cases that would result in response to system contingencies and fault 

conditions. Dynamic simulation software (PSS/E) is used to simulate voltage stable 

and unstable cases, these cases are used to train and test the pattern recognition 

algorithms,  simulate several contingencies on the Nigerian 330KV Integrated 52 

Bus power System and compile the results in two categories of stable and unstable 

voltage cases. The results are shown as channel plot of voltage in per unit against 

time in seconds in figure 4.1 and figure 4.2 for stable and unstable cases. The 

appendix shows the result after simulation for a particular contingency. 
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CHAPTER 1 

1.0 INTRODUCTION 

The purpose of this introductory chapter is to provide a general description of 

modern power systems, its stability and voltage stability in particular. Different 

kinds of pattern recognition techniques currently used are presented, particularly 

focusing on statistical and algorithmic approaches. A historical review of the 

voltage stability problem and the pattern recognition methods is presented. Finally, 

the outline of this thesis is explained.  

1.1     BACKGROUND INFORMATION 

The commercial use of electricity began in the late 1870s when arc lamps were 

used for lighthouse illumination and street lighting [1]. The first complete electric 

power system (comprising of generator, cable, fuse, meter, and loads) was built by 

Thomas Edison- the historic Pearl Street Station in New York City which began 

operation in September 1882. With development of motors by Frank Sprague in 

1884, motor loads were added to the systems.  

These initial systems were dc (direct current). Eventually, ac (alternating current) 

systems dominated the dc systems for the following reasons:  
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I. Voltage levels can be easily transformed in ac systems.  

II.  AC generators are much simpler than dc generators.  

III. AC motors are much simpler and cheaper than dc motors.  

In early period of ac power transmission, frequency was not standardized. In order 

to facilitate the interconnection of different grids, 50 Hz was adopted as standard. 

The increasing need for transmitting larger amounts of power over longer distances 

created an incentive to use progressively higher voltage levels. To avoid the 

proliferation of an unlimited number of voltages, the industry has standardized 

voltage levels. The standards are 33,132,330 kV for the high voltage (HV) class 

[1]. Interconnection of neighboring utilities usually leads to improved system 

security and economy of operation. Almost all the utilities in the United States and 

Canada are now part of one interconnected system. This results in a very large 

system of enormous complexity. The design of such a system and its secure 

operation are indeed challenging problems.  

In recent years, power demands around the world generally and particularly in 

North America will experience rapid increases due to the increase of customers’ 

requirements. The report from Renewable Energy Transmission Company 

(RETCO)[2] about the infrastructure situation of U.S. electric grids states that 

electricity consumption accounts for 40% of all energy consumed in the U.S. and 
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the electricity demand grows significantly and it will reach an increase rate of 26% 

by 2030.  

Since 1982, growth in peak demand for electricity has exceeded transmission 

growth by almost 25% every year. Yet spending on research and development is 

the lowest of all industries [3]. Even with increase in demand, there has been 

chronic underinvestment in getting energy where it needs to go through 

transmission and distribution which limits grid efficiency and reliability. Since 

2000, only 668 additional miles of interstate transmission have been built [3]. As a 

result, system constraints worsen at a time when outages and power quality issues 

are estimated to cost American business more than $100 billion on average each 

year. Under these extreme conditions, the need for maintaining stable operation of 

the grid is most important. 

1.2        PROBLEM STATEMENT  

 Electrical energy is an essential ingredient for the industrial and all-round 

development of any country. The quality of life in any country is highly dependent 

on a reliable electricity supply. The frequent system collapses in the Nigerian 

power sector have severally thrown or plunged the nation into darkness due to 

system instability in the Nigeria electric power system. The epileptic nature of the 
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supply has led to low economic growth and dissatisfaction among the citizenry [4, 

5, 6]. 

To assist in overcoming the instability problems, analysis of the Nigerian electric 

power system is necessary and we start by knowing what power system stability is.  

“Power system stability is the ability of an electric power system, for a given initial 

operating condition, to regain a state of operating equilibrium after being subjected 

to a physical disturbance, with most system variables bounded so that practically 

the entire system remains intact”. This definition applies to an interconnected 

power system as a whole.  The stability of a particular generator or a group of 

generators is of interest. A remote generator may lose synchronism without 

causing cascading instability of the whole system. Similarly, stability of particular 

loads or load areas may be of interest [7].  

The power system is a highly non-linear system due to the constantly changing 

loads, generator outputs and key operating parameters. When subjected to a 

disturbance, the stability of the power system depends on the initial operating 

conditions and the type of disturbance occurred. Power systems are subjected to a 

wide range of disturbances, small and large. Small disturbances such as changes in 

residential loads occur continuously; the system must be able to withstand these 

disturbances and operate in equilibrium condition. Large disturbances such as a 
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short circuit on a transmission line or loss of a large generating unit may also 

occur. These disturbances may change topology of the system due to the isolation 

of faulted elements.  

The power system in general is not designed to withstand all possible large 

disturbances possible because it is impractical and uneconomical [7]. The 

disturbances which have high probability of occurrence are chose while designing 

a contingency to study its mitigating process. A stable equilibrium set thus has a 

finite region of attraction; the larger the region, the more robust the system with 

respect to large disturbances.  

Power system stability is a single problem; but in order to deal with different types 

of instabilities occurring in the system and study them effectively, we cannot treat 

it such. Because of high dimensionality and complexity of stability problem, it 

helps to make simplifying assumptions to analyze specific types of problems using 

an appropriate degree of detail of system representation and appropriate analytical 

techniques.  The understanding of stability problems is greatly facilitated by the 

classification of stability into various categories.  The power system stability is 

mainly divided into rotor angle stability, frequency stability and voltage stability. 

Voltage stability problem is explained in detail as it is the main focus of this thesis 

[1]. 
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1.3         OBJECTIVES OF STUDY     

 Voltage stability is the ability of the power system to maintain steady acceptable 

voltages at all the buses in the system under normal operating conditions and after 

being subjected to a disturbance [1]. Voltage instability occurs when a disturbance, 

increase in load demand or change in system condition causes a progressive and 

uncontrolled drop in voltage. The main factor causing instability is the inability of 

the power system to meet the reactive power demand.  A possible outcome of 

voltage instability is loss of load in an area, or tripping of transmission lines and 

other elements by their protective systems leading to cascading outages. Voltage 

collapse is the process by which the sequence of events accompanying voltage 

instability leads to a blackout or abnormally low voltages in a significant part of 

the power system The voltage instability is mainly caused because of the loads; 

after a disturbance, power consumed by the loads tends to be restored by the action 

of voltage regulators, tap changing transformers, and thermostats. Restored loads 

increase the stress on high voltage network by increasing the reactive power 

consumption and causing further voltage reduction. A run-down situation causing 

voltage instability occurs when load dynamics attempt to restore power 

consumption beyond the capability of transmission network and the connected 

generation [1, 8]. 
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There is also a risk of overvoltage instability in the system which has been 

experienced at least once [9]. This is caused by the capacitive behavior of the 

network as well as by under excitation limiters preventing generators and/or 

synchronous compensators from absorbing the excess reactive power. This 

instability is associated with instability of the combined generation and 

transmission system to operate below some load level.  

Voltage stability problems may also be experienced at HVDC links [10]. They are 

usually associated with HVDC links connected to weak ac systems and may occur 

at rectifier or inverter stations, and are associated with the unfavorable reactive 

power “load” characteristics of the converters. The HVDC link control strategies 

have a significant influence on such problems, since the active and reactive power 

at the ac/dc junction are determined by the controls. If the resulting loading on the 

ac transmission stresses it beyond its capability, voltage instability occurs. Such a 

phenomenon is relatively with the time frame of interest being in order of one 

second or less.  

It is useful to classify voltage stability into sub categories as discussed below:  

I. Large - disturbance Voltage Stability is the ability of the system to maintain 

steady permissible voltages following large disturbances such as system 

faults, generator trips or other circuit contingencies. This phenomenon is 
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affected by the system and load characteristics, and the interactions of both 

continuous and discrete controls and protections. Determination of large 

signal voltage stability requires the examination of the nonlinear response of 

the power system over a period of time sufficient to capture the performance 

and interactions of devices such as motors, under load tap changers, 

generator field current limiters, and speed governors. The study period of 

interest may extend from a few seconds to tens of minutes. Therefore, long-

term dynamic simulations are required for analysis 

II.  Small – disturbance voltage stability is the ability of the power system to 

maintain steady permissible voltages when subjected to small perturbations 

such as incremental changes in system load. This form of stability is 

influenced by the characteristics of the load, continuous controls, and 

discrete controls at a given instant of time. This concept is useful in 

determining, at any instant, how the system responds to small system 

changes. To identify the factors influencing stability, system equations can 

be linearized for the analysis with appropriate assumptions.  

The time frame of interest for voltage stability problems may vary from a 

few seconds to tens of minutes. Therefore, voltage stability can be classified 

into short term and long term on this basis.  
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 Short – term voltage stability involves dynamics of fast acting load 

components such as induction motors, electronically controlled loads, and 

HVDC converters. The study period of interest is in order of several 

seconds, and the analysis requires solution of appropriate system 

differential equations. This analysis needs dynamic modeling of loads.  

 

 Long – term voltage stability involves slower acting equipment such as tap- 

changing transformers, thermostatically controlled loads, and generator 

current limiters. This analysis assumes that inter – machine synchronizing 

power oscillations have dumped out, resulting in a uniform system 

frequency [11]. The focus is on slower and longer duration phenomena that 

accompany large scale system upsets and on the resulting large, sustained 

mismatches between the generation and consumption of active and reactive 

powers. Long – term stability is usually concerned with system disturbances 

that involve contingencies beyond the normal system design criteria. [4, 5, 

12].   Therefore the objective of this study includes: 

i  To determine the critical clearing angle and time of the Nigerian 330KV        

protection system.  
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ii          To determine the behavior of the Nigerian power system during large scale       

disturbance and make necessary recommendations. 

iii        To determine voltage pattern recognition model during steady state and fault 

conditions  

iv         To classify these voltage patterns into stable and unstable conditions and 

make recommendation for improvement such that the system is transiently 

stable. 

V         To maintain system reliability by clearing fault before occurrence through 

studying the voltage patterns.                                

1.4       OVERVIEW OF NIGERIA INTEGRATED POWER SYSTEM   AND 

ITS CURRENT STATUS 

Before the unbundling of the Nigeria existing power network, it comprises 

11,000KM transmission lines (330KV). It is faced with so many problems such as; 

Inability to effectively dispatch generated energy to meet the load demand, large 

number of uncompleted transmission line projects, reinforcement and expansion 

projects in the power industry, Poor Voltage profile in most northern parts of the 

grid, Inability of the existing transmission lines to wheel more than 4000MW of 

power at present operational problems, voltage and frequency controls. Some of 

the transmission lines are also Fragile and radial nature, which is prone to frequent 
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system collapse. Poor network configuration in some regional work centers, 

controlling the transmission line parameters, large numbers of overloaded 

transformers in the grid system, frequent vandalism of 330KV transmission lines in 

various parts of the country and using the transmission lines beyond their limit are 

part of the problems. Also before the unbundling, the Nigeria existing 330KV 

network consists of nine generating stations, twenty eight buses and thirty two 

transmission lines. Most researchers that worked on the existing network  

recommended that the network be transformed from radial to ring, because of the 

high losses inherent in it and the violation of allowable voltage drop of + or – 5% 

of nominal value[13]. 

Power Holding Company of Nigeria (PHCN) in an attempt to solve these problems 

resulted in its unbundling. Thus, the Nigeria 330KV integrated network intends to 

improve the grid stability and creates an effective interconnection. It is anticipated 

to increase transmission strength because of the very high demand on the existing 

and aging infrastructure by building more power stations and transmission lines, 

through the Independent Power projects (IPPS). 

Considering the fact that most of the existing Nigeria generating stations are 

located far from the load centers with partial longitudinal network, there is 

possibility of experiencing low bus voltages, lines overload, frequency fluctuations 
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and poor system damping in the network, thus making the stability of the network 

to be weak when subjected to fault conditions. 

The increasing demand for electricity in Nigeria is far more than what is available, 

thus resulting in the interconnected transmission systems being heavily loaded and 

stressed beyond their allowable tolerable limit. This constraint affects the quality 

of power delivered. Currently, with some of the completed integrated power 

projects, the Nigerian national grid is an interconnection of 9,454.8KM length of 

330KV and 8,985.28km length of 132KV transmission lines with seventeen power 

stations with the completion of some of the integrated power projects. The grid 

interconnects these stations with fifty two buses and sixty four transmission lines 

of either dual or single circuit lines and has four control centers (One national 

control center at Oshogbo and three supplementary control centers at Benin, 

Shiroro and Egbin)[14]. 

The current projection of power generation by the GENCOS is to generate 

26,561MW as envisioned in the vision 20:2020 target. Presently, of the seventeen 

(17) active power generating stations, eight of these are owned by the Federal 

Government (existing) with installed capacity of 6,256MW and 2,484MW is 

available. The remaining nine (9) are from both the National Independent Power 

Project (NIPP) and the Independent Power Project (IPP) with total designed 

capacity of 2,809MW, of which 1,336.5MW is available. These generating stations 
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are sometimes connected to load centers through very long, fragile and radial 

transmission lines. On completion of all the power projects in Nigeria, its total 

installed capacity will become 12,054MW. Therefore the need for investigating 

voltage stability in Nigerian integrated 52 bus transmission systems. [14, 15] 

1.5    SCOPE OF WORK     

In this thesis, a pattern recognition approach to detect the voltage instability in a 

power system in advance to its occurrence is proposed. This could help the 

operators to take remedial actions, and thus prevent the oncoming voltage collapse 

phenomenon. A pattern recognition software, CART (Classification and 

Regression trees) and RLSC (Regularized Least Squares Classification) are used to 

develop the voltage stable and voltage unstable patterns. This is achieved by 

simulating voltage stable and unstable cases from a test system and then training 

the pattern recognition models to come up with patterns. These patterns are later 

validated by testing those using new cases which are not used for training. 

Nigerian integrated 52 bus system is used as test system, it is modeled in PSS/E 

(Power System Simulator for Engineering), and contingencies are applied to come 

up with the training and testing cases. MATLAB is used to develop RLSC 

algorithm and also to preprocess the data which is to be analyzed with CART. This 

methodology could be a useful online application for voltage stability analysis in 
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power systems. But due to time and money constraints the RLSC algorithm could 

not be developed. 
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CHAPTER 2 

 LITERATURE REVIEW 

2.0         A REVIEW ON VOLTAGE STABILITY ANALYSIS   

Voltage stability problems mainly occur when the system is heavily stressed 

beyond its capability. While the disturbance leading to voltage collapse may be 

initiated by a variety of causes, the main problem is the inherent weakness in the 

power system. The main factors other than strength of transmission network, 

power transfer capability are generator reactive power/voltage control limits, load 

characteristics, characteristics of reactive compensation devices, and the action of 

voltage control devices such as under load tap changing transformers (ULTCs)[1] .  

The voltage stability analysis for a given system state involves the examination of 

two concepts [16]:  

a) Proximity to voltage instability: A measure of how close the system is to voltage 

instability? Physical quantities such as load levels, active power flow through 

critical interface and reactive power reserve can be used to measure the distance to 

instability. The most appropriate measure for a given situation depends on the 

specific system and the intended use of the margin. Considerations must be given 
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to possible contingencies such as line outages, loss of generating units or reactive 

power sources, etc.  

b) Mechanism of voltage instability: This includes the determination of the cause 

of instability including the key factors, voltage - weak areas and also finding out 

the measures to improve stability.     

The voltage instability problem is solved by many different methods, which can be 

distinguished mainly into two groups: static and dynamic methods. Dynamic 

methods apply real – time simulation in time domain using precise dynamic 

models for all instruments in a power system. It shows the time domain events and 

their characteristic curves which eventually lead the system into voltage collapse. 

These methods mainly depend on the solutions of large sets of differential 

equations created to describe the model characteristics of electrical devices and 

their internal connections. Dynamic simulation is particularly effective for detailed 

study of specific voltage collapse situations and coordination of protection and 

time dependent action of controls. The dynamic simulation of large-scale power 

systems is time consuming and relies heavily on the computer’s performance. The 

system dynamics influencing voltage instability are usually slow. Therefore, static 

methods can be used to analyze many aspects of the problem. The static analysis 

techniques allow examination of a wide range of system conditions and, if 
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appropriately used, can provide much insight into the nature of the problem and 

identify the key contributing factors.  

The electric utility has been largely dependent on conventional power-flow 

programs for static analysis of voltage stability. Stability is determined by 

generating V-P and Q-V curves at selected load buses. These curves are generated 

by executing a large number of power flows which is usually time consuming. 

These procedures focus on individual buses, that is, the stability is studied by 

stressing a particular bus in the system. This may unrealistically distort the stability 

of the system.    

F. D. Galiana used load flow feasibility to indicate proximity to voltage collapse 

[17]. The feasibility region (FR) is defined as the set of generalized bus injections 

(P, Q, or V2 at each bus) for which a load flow exists. The feasibility margin is a 

scalar ranging between 0 and 1 which measures the proximity of a bus injection 

vector to the boundary of FR. This method does not rely on the load flow or 

optimal load flow simulations. Feasibility limit is to be defined from experience 

and then by monitoring a distance measure form this limit, one can monitor the 

voltage collapse condition.   

V-Q sensitivity analysis has advantage that it provides voltage stability-related 

information from a system-wide perspective and clearly identifies areas that have 
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potential problems [1].This method uses the conventional linearized power flow 

model. The elements of the Jacobian matrix give the sensitivity between power 

flow and bus voltage changes. The Jacobian matrix is reduced in size by 

considering P (real power) to be constant at each operating point. The V-Q 

sensitivity at a bus represents the slope of the Q-V curve at the given operating 

point. A positive V-Q sensitivity is indicative of stable operation; the smaller the 

sensitivity, the more stable the system. As stability decreases, the magnitude of 

sensitivity increases, becoming infinity at the stability limit. A negative sensitivity 

is indicative of unstable operation. A very small negative value indicates a very 

unstable operation.  

B. Gao, G. K. Morison, P. Kundur presented a voltage stability assessment 

technique for large power systems using modal analysis [16]. This method 

computes a specified number of smallest Eigen values of a reduced Jacobian 

matrix (considering voltage and reactive power), and the associated bus, branch 

and generation participation factors. Each Eigen value corresponds to a mode of 

voltage/reactive power variation and gives information about that mode. The small 

Eigen values represent the modes most prone to loss of stability. The magnitude of 

each small Eigen value provides a relative measure of proximity to loss of voltage 

stability for that mode. Bus, branch and generator participation factors provide 

useful information regarding the mechanism of loss of stability. This gives an 
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insight of the system and helps in taking remedial actions to prevent the voltage 

collapse.  

The load flow Jacobian and its properties are used to study the voltage instability 

[17, 18, 19]. The relationship between multiple load flow solutions and voltage 

instability has been studied by Y. Tamura, ET. Al. Under heavy – conditions, 

multiple load flow solutions are likely to appear. The authors suggest analyzing 

static and/or semi – dynamic performance of the problem and then the relationship 

between the dynamic factors and voltage instability. They assume that one is stable 

and the other is unstable if there is a pair of multiple load flow solution. Then a 

sequence of criteria is applied to the individual members of the solution pair to see 

their difference in behavior. Three criteria are used, the sign of Jacobian 

determinant in the load flow calculations, load flow sensitivity for load injections 

and system parameters, and stored energy of the elements L and C in the electric 

power system. For a stable operating condition, the sign of determinant of the 

Jacobian matrix is determined. Then as the system operating condition changes, for 

each condition, the sign of the determinant of the Jacobian is compared with the 

one determined earlier (for stable operating point). If the signs are equal, the 

system is assumed to be stable, if not unstable. This method has some uncertainty 

and this cannot be used as a standalone representation of instability. This method 
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when used in conjunction with the other two criteria discussed above can be used 

to determine the instability in power systems.  

The singular value decomposition of Jacobian matrix is used to come up with 

voltage stability indices [19]. The sub-matrices of the Jacobian are used as static 

voltage stability indicators. The sub-matrices are obtained by setting the real power 

constant in the power flow equation. The value of the smallest singular value gives 

a measure of the proximity to the steady state voltage stability limit. This method 

allows more realistic modeling of power systems equipment such as voltage 

dependent voltage dependent loads, generator reactive limits, etc.  Li – Jun Cai, 

and Istvan Erlich proposed a novel approach which includes all possible active and 

reactive power controls based on the multi-input multi-output transfer (MIMO) 

function and singular value decomposition (SVD) [20]. As seen in the above 

discussed approaches, the classical methods consider the active powers at all buses 

as constant. Voltage stability control methods such as reactive power 

compensation, under voltage load shedding, and transformer tap changers can also 

be taken into consideration using this method. These controls are selected as inputs 

to the MIMO system. The incremental changes in the bus voltage magnitudes are 

considered as the output variables. The input singular vectors are used to select the 

most suitable control signal for the improvement of steady state voltage stability 

and the output singular vectors provide an overview of the most critical buses that 
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are affected by the static voltage stability. Since the inputs and outputs of the real 

system can be restricted to a small range, this method can also be applied to large 

power system networks.       

Though static voltage stability analysis is used extensively in the power industry, 

there are some restrictions on this approach. The classic methods are mostly based 

on modal analysis, which requires the number of inputs (reactive power changes) 

be equal to the number of outputs (voltage magnitude changes). In large power 

systems, there may be additional controls which need to be included in the input. 

Only the effect of PQ-bus reactive power is considered, while in practice, the 

active power changes also have great influence on the static voltage stability. The 

effect of automatic voltage regulators (AVRs) cannot be included in the classic 

analysis [20].  

Dynamic simulation accurately includes the time dependent actions of control and 

protection. Modeling for dynamics include more detailed representation of loads 

and all other equipment in power systems. Enormous increase in computing 

capacity has enabled us to use the dynamic simulations to analyze voltage stability 

problem. It still is a time consuming process, but a compromise between accuracy 

and speed by using other techniques is the fast dynamics [21]. A review on use of 

dynamic simulations for voltage stability analysis is presented below.  



32 
 

M.H.Haque and U.M.R.Pothula investigated the dynamic aspect of voltage 

stability problem of a simple power system by considering the dynamic effect of 

both fast acting and slow acting devices [22]. Based on time scale of operation, 

voltage stability can be classified into short-term, mid-term and long-term [1].  In 

short-term, the dynamics of fast-acting devices, such as generators, induction 

motors, switched capacitors, etc. determine the system performance. In mid-term 

and long-term, the dynamics of slow acting devices such as transformer on-load 

tap changers (OLTC), generator over excitation limiters (OXL), etc., comes into 

play. Differential equations are used describe the dynamics of generators, OLTCs, 

OXLs, and loads. The effect of slow acting devices on long-term voltage stability 

is studied using MATLAB/SIMULINK.   

J. H. Chow and A. Gebreselassie used eigen value analysis, sensitivity analysis, 

and nonlinear voltage simulations to study the dynamic phenomenon of voltage 

instability [23].  They analyzed a simple power system consisting of a single 

machine and a constant power load. Eigen value analysis approach is used to 

evaluate the effects of some of the control parameters on the voltage stability limits 

of the single machine system model. The eigenvalue analysis predicts the values of 

the system parameters for which, any small disturbance will initiate unstable 

voltage oscillations. ACSL (Advanced Continuous Simulation Language) is used 

to perform nonlinear simulation for the predicted system conditions and to 
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investigate the effects of these oscillations. They have also determined the need for 

more detailed load, generation models to establish realistic stability properties.  

M. Hasani and M. Parniani studied the voltage stability analysis using a method 

combining static and dynamic analysis [24]. Using static methods, a voltage 

stability ranking was performed to define faint buses, generators and links in terms 

of voltage stability. More detailed modeling was used to analyze the dynamics of 

most severe conditions. Many detailed dynamic analyses are done using more 

detailed modeling of loads and other equipment in power systems [24, 25]. T. X. 

Zhu, S. K. Tso, and K. L. Lo have investigated the effect of on-load tap changers 

on the maximum power transfer limit [26].            

2.1          A REVIEW ON PATTERN RECOGNITION  

By the time they are five years old, most children can recognize digits and letters. 

Small characters, large characters, handwritten, machine printed are easily 

recognized by young. We take this ability for granted. “Pattern recognition is the 

study of how machines can observe the environment, learn to distinguish patterns 

of interest from their background, and make sound and reasonable decisions about 

the categories of the pattern” [27].  Automatic (machine) recognition, description, 

classification, grouping of patterns are important problems in a variety of 

engineering and scientific disciplines such as biology, psychology, medicine, 
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marketing, computer vision, artificial intelligence, and remote sensing. This 

technique is being implemented in power systems field to develop tools which can 

take decisions automatically regarding various issues [28, 29, [30].   

A pattern could be a fingerprint image, a handwritten cursive word, a human face 

or a speech signal. Given a pattern, its recognition/classification may consist of one 

of the following two tasks:  

1) Supervised classification in which the pattern is identified as a member of 

predefined class 

2) Unsupervised classification in which the pattern is assigned to a hitherto 

unknown class.  

Here the recognition problem is posed as a classification or categorization task, 

where the classes are defined by the system designer (in supervised classification) 

or are learned based on the similarity of patterns (in unsupervised classification).   

The rapid development of computing power, which enables fast processing of huge 

data sets, has also facilitated the use of elaborate and diverse methods of 

classification. The data being collected in every field is enormously increasing, 

such as P.M.U (Phasor Measurement Unit) data in the power industry. This creates 

a demand for automatic pattern recognition systems and also stringent performance 

requirements (speed, accuracy, and cost). In this development of process, no single 
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recognition technique is “optimal”, so multiple methods and approaches have to be 

used.   

The design of pattern recognition system essentially involves the following three 

aspects: 1) data acquisition and preprocessing, 2) data representation (features), 

and 3) decision making. Learning from a set of examples (training set) is an 

important and desired attribute of most pattern recognition techniques. Various 

types of pattern recognition techniques are discussed below:  

 Statistical Approach: In statistical approach, each pattern is represented in 

terms of d features or measurements and is viewed as point in d - 

dimensional space. The goal is to choose those features that allow pattern 

vectors belonging to different categories to occupy compact and disjoint 

regions in a d-dimensional feature space. The effectiveness of the 

representation space (feature set) is determined by how well patterns from 

different classes can be separated. Given a set of training patterns from each 

class, the objective is to establish decision boundaries in the feature space 

which separate patterns belonging to different classes. A disadvantage of 

this approach is that too much statistical information or unavailable 

statistical information may be needed for the solution. 
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  Syntactic Approach: In this approach, a pattern is viewed as being 

composed of simple sub patterns which are yet they built from yet simpler 

sub patterns [27]. The simplest/elementary sub patterns to be recognized are 

called primitives and the given complex pattern is represented in terms of 

the interrelationships between these primitives. In syntactic pattern 

recognition, a formal analogy is drawn between the structure of patterns and 

the syntax of a language. The patterns are viewed as sentences belonging to 

a language, primitives are viewed as the alphabets of the language, and the 

sentences are generated according to a grammar. Thus a large number of 

complex patterns can be described by a small number of primitives and 

grammatical rules. The grammar for each pattern class must be inferred 

from the available training samples. The implementation of this technique 

leads to difficulties which primarily have to do with the segmentation of 

noisy pattern (to detect the primitives) and the interference of the grammar 

from training set. 

  Neural Networks: Neural networks can be viewed as massively parallel 

computing systems consisting of an extremely large number of simple 

processors with many interconnections. Neural network models attempt to 

use some organizational principles (such as learning, generalization, and 

computation) in a network of weighted graphs in which the nodes are 
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artificial neurons and directed edges (with weights) are connections between 

neuron outputs and inputs. The main characteristics of neural networks are 

that they have ability to learn complex nonlinear input – output 

relationships, use sequential training procedures, and adapt themselves to 

the data. A main disadvantage of the neural network approach is that it may 

take considerable computer time and memory. Another disadvantage is that 

we may not have enough representative training samples that would allow 

the solution to provide the necessary generalization to non-training patterns.            

Pattern recognition is being widely used in several fields of engineering and 

sciences including power systems [28], [29],[30]. There have been many literatures 

on the use of pattern recognition for transient, dynamic stability assessment, 

controlled islanding, and many other applications in power systems.  

L. S. Moulin, et al., applied support vector machines (SVM), a recently introduced 

learning – based nonlinear classifier approach to analyze transient stability analysis 

(TSA) in power systems [29]. Power systems analysis is enormously high 

dimensional problem, and this makes pattern recognition technique a promising 

tool for the analysis. The integration of automatic learning/pattern recognition 

techniques with analytical TSA methods can provide more accurate monitoring, 

fast decision making, etc.,. It also avoids the repetitive burden of analyzing similar 

operating points. Neural networks (NNs) technology has been reported as an 



38 
 

important contributor for reaching the goals of online TSA [31]. Support vector 

machines (SVM) rely on support vectors (SVs) to identify the decision boundaries 

between different classes. SVMs can map complex nonlinear input/output 

relationships, and are well suited for TSA because our focus is on the boundary 

between stable and unstable operating points. Instead of using entire data available, 

features are extracted from it, and are used for pattern recognition. Feature 

selection reduces the input dimensionality in order to use as few variables as 

possible, getting a more concise representation of power system.   

An SVM classifier minimizes the generalization error by optimizing the tradeoff 

between the number of training errors and the so-called Vapnik – Chervonenkis 

(VC) dimension, which is a new concept of complexity measure. The SVMs 

employed for two-class problems are based on hyper planes to separate the data in 

an n-dimensional space. The hyper plane that maximizes margin of separation 

between the two classes is intuitively expected to have better generalization ability. 

This technique has been tested on a subsystem of the Brazilian Southeast grid. For 

each transient stability analysis, a major branch is assumed to be under scheduled 

maintenance and single contingencies are assumed for the remaining branches. 

These cases are simulated in the time-domain, and each one is classified as stable 

or unstable. As expected, the stable cases outnumber the unstable cases in any 

analysis. This difference can affect the performance of SVM; this problem is dealt 
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by artificially decreasing the number of stable cases and using equal number of 

stable and unstable cases. The active and reactive power at the relevant buses is 

chose for training and the classifier is either stable (+1) or unstable (-1). The 

following conclusions are drawn [29]:   

 SVMs fit the TSA task for large power systems  

  SVMs performed better when complete data set was used (which include 

more stable cases) 

  There have been some false dismissals (unstable cases classified as stable, 

which is extremely undesirable)  

 The stability studies database already available at the utilities can be used 

with NN-based TSA.  

A hybrid approach based on direct-type methods coupled with detailed time 

simulation is considered as a promising idea for TSA of large – scale power 

systems. The NNs can be used as filters to discard stable contingencies in a very 

fast way [32].   

Peng Zhang and Jing Peng have studied the performance of support vector 

machines (SVMs) and regularized least squares (RLS) by applying both the 

techniques to a collection of data sets[33]. As discussed earlier, SVMs realize the 

structure risk minimization principle by maximizing the margin between the 
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separating plane and the data. The regularized least squares (RLS) method 

constructs classifiers by minimizing a regularized functional directly in a 

reproducing kernel Hilbert space. The SVM solution produces a hyper plane 

having the maximum margin between different classes of data. Regarding 

complexity of solution, the computational cost associated with SVM is incurred by 

solving a quadratic programing problem. On the other hand, for RLS, linear system 

of equations is needed to be solved, which is less complex. Two methods are used 

with both real and simulated data. The performance of both methods is almost 

similar. The RLS methodology is strikingly simple. On the other hand, SVMs have 

a compact representation of solutions, which may be important in time – critical 

applications.  

Decision trees (a statistical pattern recognition approach) have been used to 

analyze the stability, security and stable operation of power systems [34], [35] and 

[36]. Ruisheng Diao, et al., have developed an online voltage security assessment 

scheme using synchronized Phasor measurements and periodically updated 

decision trees (DTs) [34]. Phasor measurement units (PMUs) utilize the global 

positioning system (GPS) receivers and microprocessors to monitor the state of the 

power system; they are very accurate and fast. The time-stamped digital phasors 

calculated in the PMUs are synchronized to a common time frame by satellites and 

then assembled into a series of data streams for communication to remote control 



41 
 

centers. The created database consists of different cases that are represented by a 

vector of predictors and an objective (for example secure or insecure state), a DT is 

designed for successful classification of this objective by using only a small 

number of these predictors. A number of pre-disturbance operating conditions 

(OC) for the past representative data and the forecasted ones for the next 24 hours 

are collected a day ahead. Detailed voltage security analysis is conducted for all 

these operating conditions for critical contingencies, and each contingency case at 

different OCs is then assigned a voltage security label. This can be either secure or 

insecure. By collecting PMU related system parameters, DTs are trained offline to 

obtain security classifications for next day. These DTs are updated on hourly basis, 

if there are any major changes in the system topology. The updated DTs are then 

used for online applications for next hour. Measurements from PMUs are 

continuously collected in real time and decision trees are used to assess the system 

condition. Decision trees can be combined with other data mining tools like 

support vector machine and random forests to pursue better prediction accuracy.   
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CHAPTER 3 

METHODOLOGY 

3.0 DATA COLLECTION AND INPUTS 

Due to the strong role of the case study in this thesis, data on the Nigerian power 

system was very important to carry out the study. These data were not easily 

available online or even with the EEDC (Enugu electricity distribution company) 

due to confidentiality issues. Access to data was limited but some data were finally 

accessible. Line data for most of existing transmission lines, generation capacities 

of existing lines and sample of power flow outputs were some of the data that was 

finally available through EEDC. However some of the data were not 100% 

accurate as changes in the grid in recent years have not been properly documented. 

 

In addition to this, information on future expansion plans, demand forecast studies 

and investment cost were not readily available. Some of the parameters used in the 

model have been assumed based on research done by reading papers, books and 

online articles and Web Pages. 
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3.1   METHOD  

As discussed in the previous sections, the main objective of this research is to 

detect voltage collapse ahead of time. The methodology to achieve this objective 

consists of three phases which are shown in the flow charts below. 

1. Modeling and simulation of test system: capture the power system dynamic 

response. 

2. Data Processing and feature extraction: extract the system variables around the 

instance of a disturbance that includes some pre-disturbance and post-disturbance 

variables. 

3. Classification of voltage abnormality: apply pattern recognition techniques 

Phase-I of the methodology discussed earlier is to capture the dynamic response of 

the system. Here capturing the system response means recording the system 

variables like bus voltage magnitudes, voltage angles, real and reactive powers, 

and generator rotor angles. Dynamic response of the system can be captured by 

any one of the following two methods, 

1. Using the equivalent system models and dynamic simulation tools 

   – Model the equivalent system for dynamic simulations in power system    

simulation tools such as PSSE. 

   – Perform the dynamic simulations on the modeled system using dynamic 

simulation tools. 
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   – Capture the system response for all the variables of the system 

2. Collecting data from the field using PMUs 

 Capture system data from the phasor measurement units (PMU) installed in the 

substations. These PMUs will record system variables with time stamp 

synchronized to GPS time clock. 

To test the proposed methodology, this research utilized the Nigerian 52 Bus 

equivalent system in detecting voltage instability. This research can only use the 

first method from the above mentioned two methods to capture the dynamic 

response on the test system. 

 

3.1.1      CAPTURING TEST SYSTEM DYNAMIC RESPONSE (PHASE I) 

Phase-I has four steps to capture the test system dynamic response. Test system is 

modeled in Phase-I: Step A. Flow chart for this step is shown in Figure 2.1. In this 

step the equivalent model data for the test system is collected from different 

articles and books, and is modeled in power system dynamic simulation software 

such as PSSE. Multiple equivalent system models are created with different types 

of loads like induction motor loads, composite load models, and 

ZIP load models. Once the system models are built, a dynamic simulation is 

performed on the system model for a base case (without applying any 
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contingency). If the system dynamic response is stable then the tasks in the next 

step of Phase-I will be performed. 

                                                      Phase 1 Step 1: A 

 

                                Figure 3.1: Flow chart for Phase-I: Step-A.  

In Phase-I: Step-B, test system is stressed to determine critical contingencies by 

increasing load or disconnecting generating plants or disconnecting transmission 

lines. Flow chart for Phase-I: Step-B is shown in Figure 3.3. Contingency analysis 

is performed to determine the critical contingencies, and from those contingencies 

voltage stable and voltage unstable cases will be determined. 
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            Figure 3.2: Flow chart for Phase-I: Step-B  

After determining the critical contingencies, dynamic simulations are performed on 

voltage stable and voltage unstable cases in Phase-I: Step-C using the power 

system dynamic simulation software. Flow chart for Phase-I: Step-C is shown in 

Figure 3.3. Initially the base case will be prepared for dynamic simulations, then 

dynamic simulations are performed on the contingencies found in Phase-I: Step-B 

and system parameters are captured. Voltage stability is determined from the 
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dynamic simulations performed on each contingency. In Phase-I: Step-D system 

parameters or variables such as bus voltage magnitudes, voltage angles, real and 

reactive powers, and generator rotor angles are collected. 

 

       Figure 3.3: Flow chart for Phase-I: Step-C  

3.1.2     DATA PROCESSING AND FEATURE EXTRACTION (PHASE-II) 

Phase-II of the proposed methodology has two stages to pre-process the captured 

system dynamic response for Phase-III. Simulation parameters are extracted from 



48 
 

the captured dynamic response of the system around the disturbance. This 

extracted system variables have a few seconds of the system dynamic response for 

pre-disturbance and post-disturbance data. Flow chart shown below shows the 

process for Phase-II: Step-A. Multiple features are prepared from the extracted 

data. These features are divided into training and test samples for Phase-III. 

 

    Figure 3.4: Flow chart for Phase-II: Step-A.  

3.1.3        CLASSIFICATION OF VOLTAGE ABNORMALITY (PHASE-III) 

The last phase of the proposed methodology uses the pattern recognition 

techniques to predict the voltage stability from the power system dynamic 

response. Flowchart for Phase-III is shown in Figure 2.5. Algorithmic and 
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statistical pattern recognition techniques are programmed in this phase. These 

programmed methods are trained using the training samples extracted from 

Phase-II and a classifier to predict voltage stability is developed from the pattern 

recognition methods. This classifier is tested with the test samples extracted from 

Phase-II. If prediction using the classifier is accurate and efficient, then the 

prominent features and prominent system variables leading to this stability 

prediction are determined. If the developed classifier from pattern recognition 

method is not accurate, then problems relating to this defective classifier, either the 

pattern recognition method or the training samples used to train the pattern 

recognition method, are determined and corrected. In the last stage of Phase-III the 

accurate pattern recognition methods to predict voltage collapse are determined. 

3.2      PATTERN RECOGNITION PROCEDURE 

As discussed previously, “Pattern recognition is the study of how machines can 

observe the environment, learn to distinguish patterns of interest from their 

background, and make sound and reasonable decisions about the categories of the 

pattern”. 

According to Duda and Hart, “pattern recognition is act of taking in raw data and 

taking an action based on the category of the pattern”. A pattern is a type of 

reoccurring event or object which can be named. Finger print image, hand written 

word, speech, etc. can be considered as a pattern [38]. The process of recognition 
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is a machine classification and assigns the given objects to prescribed classes. 

Figure (3.5) illustrates the flow chart pattern recognition model development and 

data classification. 

Pattern recognition techniques are used in engineering applications like wave form 

classification where wave forms corresponding to one class of data are 

discriminated from the data corresponding to a different class. We are using pattern 

recognition techniques to distinguish voltage stable waveforms from voltage 

unstable waveforms. Regularized least squares (RLS) classification is used for our 

binary classification problem. RLS is a learning method that obtains solutions for 

binary classification problems. 

By looking at Figure 3.5 it can be observed that preprocessing will be take place on 

the training set and test set acquired data and is forwarded to feature extraction 

purpose. Features will be choosed on the given data. These choosed features from 

the training set data is used to build an optimized model for estimation. Later this 

model will be used to classify the patterns of the test set data. 
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Figure 3.5: Flow chart of pattern recognition model.  

3.2.1   REGULARIZED LEAST SQUARES CLASSIFICATION (RLSC) 

As mentioned earlier RLSC is a learning method that obtains solution for binary 

classification via Tikhonov regularization in a Reproducing Kernel Hilbert Space 

using the square loss function [39]. Let’s assume X and Y are two sets of random 

variables and training set for pattern classification is S = (x1, y1), …., (xn, yn) and 
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it satisfies xi ϵ Rn and yi ϵ {-1,1}. For all i, the main goal is to learn a function f(x) 

while minimizing the probability of error described by the expression below. 

 (3.1) 

 

This can be found by solving the problem – called Empirical Risk Management 

(ERM) – of finding the function in Ң which minimizes 

 (3.2) 

Which is in general ill-posed, depending on the choice of the hypothesis space Ң, 

Following Tikhonov we minimize, instead, over the hypothesis space Ңk, for a 

fixed positive parameter γ, the regularized functional M2: 

 

      (3.3) 

 

Where ‖Ϝ‖2
k is the norm in Ңk– the Reproducing Kernel Hilbert Space (RKHS), 

defined by the kernel .The solution for Tikhonov regularization problem can be 

solved by Representer Theorem 

And is: 

      (3.4) 
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The solution is obtained as follows. First, the kernel matrix is constructed from the 

training set S. 

(3.5) 

Next step is to compute the vector coefficients c = (c1,c2,….cn)
T by solving the 

system of linear equations 

 

              (3.6) 

 

Where y = (y1, y2….yn)
T, I is the identity matrix of dimension n and finally, the 

classifier is: 

                                                                                                                   (3.7) 

The sign of this function F(x) decides the class (+1 or −1) for the instance x and its 

magnitude is the confidence in this prediction. 
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3.2.2      DATA MINING – CLASSIFICATION AND REGRESSION TREES 

(CART) 

Data mining is the process of extracting knowledge from data. The goal is to 

extract rules or knowledge from regularity patterns exhibited by the data. Decision 

Trees (DTs) is a method used for Data Mining [40]. CART (Classification and 

Decision Trees) is the methodology used to build the DTs. The main focus, due to 

the nature of our problem, is on classification trees. Salford System’s data mining 

software CART® is used for the analysis. 

A Decision Tree is a form of inductive learning. For a given data set, the objective 

is to build a model that captures the mechanism that gave rise to the data. The 

process of constructing the model is a “Supervised learning” problem since the 

training is supervised by an outcome variable called the target. Figure 2.12 shows a 

schematic view of a decision tree. Decision Trees are grown through a systematic 

method known as recursive binary partitioning; where successive questions with 

yes/no answers are asked in order to partition the sample space. The process begins 

with a “root” node that encloses the learning sample L. At each node t the sample 

is split into two subsets tL and tR, the left and right child respectively. The splitting 

process is iterated until the terminal node is reached, i.e. a node where no further 

split is possible. A classification decision is made at such terminal nodes. 
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The learning sample L is composed by a set of measurements vectors X = {x1, 

x2….xm}. Each column of a measurement vector Xi is known as an attribute. An 

attribute can be either numerical or categorical. Categorical attributes take a finite 

set of values and do not have an intrinsic order; for example: temperature = {cold, 

hot}. On the other hand, numerical attributes take value in a real line and therefore 

have a natural order. 

 

Figure 3.6: Classification trees – after a successful sample partitions a 

classification decision is made at the terminal nodes 

Being a supervised learning method, the class of each vector must be known prior 

to data mining process. Therefore, each measurement vector Xi must be classified 

into a set of mutually exclusive classes C = {C1, C2,…., CJ} 
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Table 3.1: Learning sample matrix with n attributes and m measurement 

vectors [37]. 

 

In general, the learning sample L is a matrix with M rows (the number of 

measurement vectors) and n+1 columns (the number of attributes on each 

measurement vector plus the target). 

3.2.3 GROWING DECISION TREES 

The process begins at the root node which encloses the learning sample L. The idea 

is to partition the space into disjoint subsets so as to increase the “purity”. Purity 

can be understood as a measurement of class homogeneity. Homogeneous nodes 

that include only one class achieve Cj maximum purity, whereas heterogeneous 

nodes with an equal proportion of classes CO,…., Cj have minimum purity. 

A split is said to be optimal when it maximizes the purity of the descendent nodes 

[41]. For convenience, optimality can be expressed in terms of node impurity 

rather than purity. In this case, optimal split should minimize the impurity. Gini 
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index, Entropy Impurity, Towing are some of the impurity functions generally 

used. However, empirical results suggest that the choice of a particular impurity 

function has little effect in the selection of a final tree. The most commonly used 

index is called “Gini Impurity index”, and is defined as follows: 

 (3.8) 

  

Where p(Cj│t) is an estimator of the possibility that a case belongs to the class Cj 

given that it falls into t. 

 Then the goodness of split criterion of split s at node t is defined to be the decrease 

in impurity achieved by split s, 

           (3.9) 

Where i(t) is impurity measurement at node t computed using equation to find  i(tL) 

above, pL and pR are the proportion of cases that fall into the left and right child 

respectively, and i(tL) and i(tR) are the left and right child impurity measurements. 

The optimal split Soptimal is defined to be the split that maximizes the decrease in 

impurity of the last equation above. To find such a split, CART performs and 

exhaustive search over all attributes and over all splitting values. 

Let us consider the set of attributes A= {a1, a2… an}. Each a ϵ A attribute is 

iteratively selected one at a time. If the selected attribute is numerical, then there 
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are an infinite number of possible splitting values. It is customary, though 

completely arbitrary, to select the midpoint between two adjacent values splitting 

rule. If the selected attribute is categorical, then there are a finite number of 

splitting thresholds and they are set of unique categories in A. 

Let us define Sa = {s1, s2, ……} to be the set of potential splitting values of 

attribute . The optimal split Sa of attribute a is the one that maximizes the decrease 

in impurity expressed by the equation. Finally, Soptimal at node t is the split that 

maximizes the decrease in impurity Δi(s,t) over all the attributes a ϵ A and splitting 

values s ϵ Sa. 

Following this systematic procedure, the tree is grown by recursively finding 

optimal splits and partitioning each node into two children. CART’s algorithm 

initially grows a tree as large as possible. A node is considered to be terminal if it 

has achieved zero impurity or if the total number of measurement vectors xi at node 

t is less than some predetermined value nmin. 

Finally, a classification decision is made at the terminal nodes. Class Cj is assigned 

to terminal node if p(Cj | t) is the largest, p(Cj |t) = max(p (Cj | t)) 

In this thesis, the classification of voltage stable and unstable cases simulated using 

PSSE is done. This can be considered as a binary classification problem. The 

CART trees and final results are presented in preceding chapters. 
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3.3 POWER SYSTEM MODELS FOR SIMULATION 

In this section, the software package used for the dynamic simulation of the power 

system, PSS® E is explained. Models of the power systems equipment used in this 

thesis are presented. 

Power System Simulator for Engineering (PSS®E) is composed of a comprehensive 

set of programs for studies of power system transmission network and generation 

performance in both steady-state and dynamic conditions. Currently two primary 

simulations are used, one for steady state analysis and one for dynamic simulations. 

PSS/E can be utilized to facilitate calculations for a variety of analyses, including: 

• Power flow and related network functions 

• Optimal power flow 

• Balanced and unbalanced faults 

• Network equivalent construction 

• Dynamic simulation 

In addition, to the steady-state and dynamic analyses, PSS®E also provides the 

user with a wide range of auxiliary programs for installation, data input, output, 

manipulation and preparation. The main focus of this section is on the dynamic 

simulation of the power system. The dynamic simulation model library of PSS®E 

represents a wide, and constantly growing, variety of electromechanical 
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equipment. These models are called by subroutines while performing the dynamics 

simulation.  

3.3.1       TEST SYSTEM  

Figure 3.7: Nigerian integrated 52 bus power system one line diagram. 
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Figure 3.8:      Power System Simulator for Engineering Simulink draft. 
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Table 3.2: Generating stations currently in operation in Nigeria [42]. 

 Table 3-2       generating stations currently in operation in Nigeria [42] 

 

 

 

 

 

T 

Table 3.3: Buses for both existing and integrated 330kv power system project  

 

 

 Table 2.4 transmission line data 
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Table 3.4: Transmission line data [42] 
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Table 3.5: Basic description of Nigerian 330kv integrated transmission line [44] 

 

Table 3.6:    Load data [45]     
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Table 3.7:      Machine data [43] 

Generator 
number 

 

 Ra  (Ω) 
 

  XI d (Ω) 
 

       H (kgm2 ) 

1 0.0020 0.0901 9.920 

2 0.0080 0.3000 3.390 
4 0.0240 0.3000 3.240 
7 0.0036 0.2200 4.000 
9 0.0020 0.1240 12.400 
12 0.0036 0.2200 4.000 
15 0.0040 0.3080 3.090 
17 0.0030 0.1060 12.690 
18 0.0061 0.3400 1.245 
24 0.0036 0.3000 1.242 
28 0.0051 0.2100 1.249 
30 0.0061 0.3000 4.000 
35 0.0010 0.0600 28.050 
36 0.0051 0.1900 1.300 
47 0.0072 0.1700 5.320 
50 0.0056 0.3420 4.600 
52 0.0042 0.3560 2.260 
 

This is the machine data for synchronous machines connected to the respective 

buses. 

3.4         GENERATOR MODEL 

The generator model presents the electric transmission network with a positive 

sequence source voltage where instantaneous amplitude and phase are known and 

where current is to be determined. Generally, a generator is thought of as a voltage 

source behind the step up transformer and dynamic impedance but in PSS®E, it is 

represented by a Norton equivalent in which a voltage source is replaced by an 

equivalent current source, ISORCE. 
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Rotor flux linkage transients and magnetic saturation are the principal factors 

affecting the dynamic behavior of synchronous machines. The magnitude and 

phase currents at any instant are determined at any instant as a function of the 

instantaneous values of generator state variables (i.e., rotor circuit flux linkages, 

shaft speed and rotor angle). 

 

 

Figure 3.9:   Generator model equivalent current source and Norton Equivalent 

Circuit [39]. 

3.5        EXCITATION SYSTEM MODEL 

The basic approach to the excitation of large generators is shown in Figure 3.8. 

The excitation system consists of a high power source of direct current, an 

intermediate power level controlling circuit, and an instrument level voltage 

regulator. The voltage regulator determines the manipulation of the exciter. The 



68 
 

proper representation of the excitation systems requires careful considerations of 

both the gains and time constants assigned to the voltage regulators and of the 

excitation power components. 

 

Figure 3.10:     Rotating DC Exciter [39] 

The excitation system model used in this thesis is ESDC1A. The type DC1A 

exciter model represents field-controlled dc commutator exciters, with 

continuously acting voltage regulators. The exciter may be separately excited or 

self-excited, the latter type being more common. 

3.6     TURBINE GOVERNOR SYSTEM MODEL 

The prime mover governing system provides a means of controlling power and 

frequency, a function commonly referred to as automatic generation control 

(AGC). The turbine governor models are designed to give representations of the 

effects of power plants on power system stability. The model used is IEEG3, which 

is a hydro governor model. The block diagram and the corresponding parameters 

are shown in Figure 3.10. 
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Figure 3.11:   Thermal and hydro governor model [39]. 

R = Permanent droop                      f = per unit flow 

r = Temporary droop                      h = per unit Head 

 No power flow = ۺۼܙ        Governor Time constant = ܚ܂

 Turbine gain = ܜۯ                 Filter time constant = ܜ

 Turbine damping = ܊ܚܝܜServo time constant              ۲ = ܂

g = per unit gate opening 
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CHAPTER 4 

RESULTS AND ANALYSES 
4.0       RESEARCH SIMULATIONS AND RESULTS 

The proposed method of determining voltage stability using pattern recognition is 

tested on Nigerian integrated 52 bus system. The system is built in PSS®E. 

Initially, the power flow is solved to verify the validity of the data. The results are 

compared with other references available [40]. The standard procedure for 

dynamics simulation is followed and voltage stable and unstable cases are 

simulated by varying the load levels. Once the simulations are performed, the 

pattern recognition techniques are applied to extract the knowledge in the 

simulated data. The details are discussed in further sections. 

4.1    SIMULATIONS IN POWER SYSTEM SIMULATOR (PSS®E) 

A portion of the Nigerian integrated 52 bus system is chosen for voltage stability 

analysis. As per a previous study done by Beeravolu [41], transmission line branch 

from bus 6 to bus 9 that is (from EGBIN PS TO IKEJA WEST) is chosen for this 

study. The power flow is solved for the base loading of the system as described in 

chapter 3. Initially, N-1 contingencies are applied to this system and it is observed 



71 
 

that the system is well capable to handle them. The system is now stressed by 

increasing the real and reactive loads in steps and contingencies are applied for 

each loading level to observe the stability of the system. For each simulation, the 

following steps are followed: 

1. New loading condition is created by updating the real and reactive loads 

2. Power flow is solved 

3. The dynamic simulation is run for 10 seconds, without any contingency 

4. Contingency is applied after 10 seconds 

5. The simulation is continued till 100 seconds 

A python automation file is used for this purpose. We need to specify the bus 

number where the load is to be changed and the amount of load (P and Q) for each 

run. 

The detailed procedure followed for the analysis is explained. First, the bus at 

which the load is to be increased is determined. The load (P and Q) is then 

increased in steps and for each step, a specific contingency is applied and the 

stability is observed. Once an unstable case is encountered, the details are 

documented. Now, we move on to the next contingency. All the contingencies to 
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be applied for that bus are completed and the analysis is continued with the next 

bus. 

Table 4.1:     Training cases     

Case # Bus P (MW) Q (MW) Contingency Stability 

1 4 600 350 Line 6-11 Stable (+1) 

2 4 550 300 Line 3-4 Stable (+1) 

3 4 600 350 Line 3-4 Stable (+1) 

4 4 700 450 Line 4-14 Stable (+1) 

5 7 233.8 84 Line 8-9 Stable (+1) 

6 7 233.8 84 Line 5-8 Stable (+1) 

7 7 400 350 Line 5-8 Stable (+1) 

8 7 400 250 Line 6-11 Stable (+1) 

9 7 233.8 84 Line 6-11 Stable (+1) 

10 8 522 176 Line 8-9 Stable (+1) 

11 8 600 300 Line 8-9 Stable (+1) 

12 4 700 400 Line 3-4 Unstable (-1) 

13 4 750 450 Line 6-11 Unstable (-1) 

14 4 750 500 Line 4-14 Unstable (-1) 

15 7 400 250 Line 8-9 Unstable (-1) 

16 7 500 260 Line 5-8 Unstable (-1) 

17 7 450 250 Line 6-11 Unstable (-1) 

 

The cases in Table 4.1 are used to train the RLSC algorithm and CART. Five more 

cases are simulated in order to test the pattern recognition model developed from 

the training cases. The loading conditions and the contingencies applied for each 
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testing case are shown in Table 4.2.The same procedure described previously in 

this section is followed for the simulations.  

 

Figure 4.1:      Voltage magnitude of Training case 3 - stable 

The voltage magnitude plot for case 3 is shown in Figure 4.2. The load at bus 4 is 

increased and line 3 to 4 is disconnected after 10 seconds of dynamic simulation. 

Due to the loss of line 3 to 4, the voltage at bus 4 drops considerably as shown in 

the plot. This is due to increased reactive power demand. The terminal voltages of 

generators 2 and 3 are restored by the excitation control. The increased reactive 

power demand is supplied by these two generators. 
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The ULTC connected between bus 6 and bus 31 (Gen 8) operates after 20 seconds 

and the voltage at controlled bus, which is bus 6 is increased. This results in an 

increase in the voltage level at bus 7. The voltage magnitude settles near 0.955 PU 

as shown in the plot. 

 

Figure 4.2:      Voltage magnitude of Training Case 12 – Unstable 

The voltage magnitude plot of case 12 is shown in Figure 4.3. This is an unstable 

case. The load at bus 4 is increased, which stresses the system. After 10 seconds of 

simulation, the line 3 to 4 is disconnected. This results in a considerable decrease 

in voltage level at bus 4 due to the increased reactive power demand. The terminal 

voltages at generators 2 and 3 are restored by the action of excitation control. The 
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extra reactive power is supplied by these two generators. The ULTC’s connected at 

generators 2 and 3 restore the voltages at the controlled buses (bus 6 and bus 9). 

With each tap change, the line I2 X and I2   R losses increase, which in turn decrease 

the voltage magnitude. 

Table 4.2: Testing cases 

Case # Bus P (MW) Q (MW) Contingency Stability 

1 8 522 176 Line 5-8 Stable (+1) 

2 8 700 450 Line 5-8 Stable (+1) 

3 8 522 176 Line 6-11 Stable (+1) 

4 8 650 350 Line 8-9 Unstable (-1) 

5 8 700 650 Line 5-8 Unstable (-1) 

 

Table 4.3: Channel plots of testing cases 

Case # Channel plot of voltage in per unit versus time in 

seconds 

Stability 

 

      

 1 

 

 

 

 

      Stable(+1) 
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2 

 

 

 

 

      Stable(+1) 

 

 

5 

 

 

 

 

   Unstable(-1) 

 

4.2        REGULARIZED LEAST SQUARES METHOD 

The 17 training cases shown in Table 4.1 are used to train the RLSC algorithm. 

The data used is voltage magnitude from 0-15 seconds, the contingency being 

applied after 10 seconds. Then the developed model is used to predict the stability 
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of the testing cases shown in Table 4.2. The algorithm is implemented in 

MATLAB. 

4.3   CART (CLASSIFICATION AND REGRESSION TREES) 

CART® is trained with the 17 training cases shown in Table 4.1. As described in 

preceding sections, raw data is not suitable for training CART; features extracted 

from the data are given as input to CART. The features extracted in this thesis are 

explained further in this section. 

4.3.1        FEATURE 1 PATTERN EXTRACTION 

 The data format used in CART is shown in Table 4.3. Column 1 is the value of 

voltage magnitude before the contingency is applied; column 2 is the magnitude of 

the voltage drop right after the contingency is applied, and column 3 is the 

magnitude of the immediate rise in voltage magnitude following the first drop. 

Column 4 is the ratio of the drop and rise in voltage magnitude captured 

previously. Column 5 is the dependent variable or prediction, +1 indicates a stable 

case and -1 indicates an unstable case. 

 Table 4.4:       Feature 1 and data input format to CART 
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4.3.2         FEATURE 2 PATTERN EXTRACTIONS 

Figure 4.3 show the extraction of feature 2 from voltage magnitude cases. The 

contingency is applied after 10 seconds of dynamic simulation. Feature 2 is the 

sum of magnitudes of voltage drops and rises. The first drop as shown in the 

Figure 4.4 is considered to be a –ve value and the immediate rise is considered to 

be a +ve value. Following this trend, the drops and rises are all summed up and we 

get a number, which is used as feature 2. 

  Time (secs) 

Figure 4.3:  Pattern extraction (Feature 2) 

The data format in CART is shown in Table 4.6 COL5 refers to the 5th column in 

the final input given to CART which includes the features 1, 2 and 3 as explained 

further in this chapter. 
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Table 4.5:     Data format for feature 2 

 

4.3.3 FEATURE 3 PATTERN EXTRACTIONS 

Feature 3 is essentially the same as feature 2, but the first drop in voltage 

magnitude when the contingency is not considered in the summation. The data 

format used is shown below: 

Table 4.6:    Data input format for feature 3

 

 

Table 4.7:    Data input format for CART
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4.3.4       CART TREES 

The above mentioned features are extracted from the training and testing cases 

simulated. Matlab is used for this purpose. The training set is used to build CART 

trees and the input format is shown in Table 4.6. The method used is Gini index 

which is explained in chapter 2. Linear Combinations (LC) option is used in the 

analysis. LCs is all possible mathematical combinations of the variables or 

predictors. Instead of using a single variable for splitting a node, a linear 

combination of one or more predictors is used.  The tree obtained from CART is 

used to predict the test cases shown in Table 4.2. The same feature is extracted 

from the test cases. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

5.0        CONCLUSION 

The current power grid is highly stressed due to the increased demand in electrical 

power without considerable addition of transmission lines. This brings a situation 

where the hazards of voltage collapse are highly possible to occur. This thesis 

presents a methodology by which we can detect the patterns in power systems 

which may lead to voltage collapse ahead of time. This helps the operators to take 

remedial actions and eventually prevent the system from collapsing. 

The proposed method is applied to Nigerian integrated 52 bus system and was able 

to predict the voltage stability correctly. The captured dynamics of the system 

within 5 seconds after a contingency was used to determine and detect the patterns. 

This thesis presents a review on the voltage stability analyses including the static 

and dynamic techniques practiced in the power systems field. The applications of 

pattern recognition techniques in power systems are discussed. A study of major 

events in the Nigerian power sector that occurred in recent times is presented. The 

mathematical background of power systems stability analysis is explained. Static 

and dynamic analyses of voltage stability are discussed. The pattern recognition 
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techniques used in this thesis, RLSC (Regularized Least Squares Algorithm) and 

CART (Classification and Regression Trees) are explained in detail. 

To carry on the dynamic simulations, the PSSE software is used. The static power 

flow analysis and dynamic analysis is done using this software. The dynamic 

models used in the simulation are explained in detail. The data corresponding to 

the Nigerian integrated 52 bus system is presented. The complete details of all the 

dynamic models used are presented. 

Chapter 1 of this dissertation report gave an introduction on power system stability 

and its classification on different basis. This chapter has also gave a brief 

introduction of voltage stability and its problems. Voltage stability analysis 

methods and a review on voltage stability were discussed.  

Chapter 2 presented the Literature reviews of voltage stability analysis methods 

especially static methods of voltage stability analysis and dynamic methods of 

voltage stability analysis were compared and advantages and disadvantages were 

discussed. The concepts, definitions and methods required to study the voltage 

stability are presented in this Chapter of the report. This part of the report covers 

the existing static and dynamic voltage stability analysis methods. The advantages 

and disadvantages of the voltage stability analysis methods were discussed.  

Chapter 3 gave a perspective of power system dynamics and their mathematical 

models. The techniques to separate, simplify the dynamic models of a power 
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system was discussed. The methodology used to achieve the objective was 

discussed in detail with the help of flowcharts in this section. The three phases 

involved in achieving the objective were also presented. The concepts and 

principles of pattern recognition were introduced. Chapter 3 also discussed the 

methodology in applying pattern recognition techniques to detect the voltage 

collapse by observing the dynamic behavior of the power systems. Chapter 3 also 

provided the data needed to model the Nigerian integrated 52 bus system in PSSE 

power system simulator tool. This chapter also covered some basics needed to 

understand the modeling of the power system to perform dynamic simulations. 

The results of the dynamic simulations of the Nigerian integrated 52 bus test 

system and the system voltage stability for those simulations were presented in 

Chapter 4 of this dissertation report A case study for a voltage stable and voltage 

unstable case was provided to give the better understanding of the system 

dynamics role in the voltage stability. The voltage stable and voltage unstable 

dynamic simulation cases were split into training and test set cases to prove the 

proposed methodology. CART and RLSC pattern recognition algorithms were 

trained using the training set and the trained algorithm was tested using the test set 

of the dynamic simulations. 
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After the pattern recognition analysis on the dynamic simulations the research has 

concluded that CART is accurate in predicting voltage unstable cases and RLSC is 

accurate in predicting voltage stable cases. This chapter also presented the 

prominent features to detect the voltage collapse for the Nigerian integrated 52 bus 

test system and suggests a means to use those features for online voltage stability 

analysis. 

5.1    RECOMMENDATION 

Although the analysis and validation of the methodology is performed using the 

Nigerian integrated 52 Bus power system, it is our intention in future to apply the 

proposed method to a more robust real size power systems by using raw system 

response captured by phasor measurement units (PMU) installed at certain location 

of electric utilities. By collecting data from PMUs and training the pattern 

recognition models to recognize historical abnormal events, the methodology will 

be useful in assessing online voltage stability of power systems and identifying 

patterns that lead to voltage abnormalities ahead of time for use by operators in 

applying remedial actions for possible prevention of blackouts. In this dissertation 

we only have looked at two different pattern recognition techniques but in future 

we want to investigate different pattern recognition techniques. 
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APPENDIX 
 
           SIEMENS POWER TECHNOLOGIES INTERNATIONAL 
 
        50 BUS POWER SYSTEM SIMULATOR--PSS(R)E-34.0.2 
 
             INITIATED ON TUE, OCT 18 2016  15:35 
 
 New study initialized: 
 
 
 
 
 The Saved Case in file C:\Program Files 
(x86)\PTI\PSSEXplore34\EXAMPLE\BUS Saved Casesav.sav was saved on 
MON, OCT 17 2016  19:34 
 
 24 loads converted during this step 
 
 24 of 24 loads converted 
 Diagonals = 47   Off-diagonals = 54   Maximum size = 92 
 Bus      4     [PORTHARCOURT133.00] is isolated 
 Bus      5     [AIYEDE      133.00] is isolated 
 Bus     30     [CALABAR     330.00] is isolated 
 Bus     44     [IKOT-ABASI  13.800] is isolated 
 Bus     48     [KANO        133.00] is isolated 
 Bus     49     [KATAMPE     330.00] is isolated 
 
 47 diagonal and 54 off-diagonal elements 
 
 ITER DELTAV/TOL X----------- AT BUS -----------X  REAL(DELTAV)  
IMAG(DELTAV) 
    1 211806.88      42     [GWAGWALADA  133.00]   -0.1802E+01    
0.1113E+01 
    2 226356.80      13     [LOKOJA      330.00]    0.1528E+01   -
0.1670E+01 
    3 226356.80      13     [LOKOJA      330.00]   -0.1011E+01    
0.2025E+01 
    4 226356.80      13     [LOKOJA      330.00]    0.4172E+00   -
0.2225E+01 
    5 226356.80      13     [LOKOJA      330.00]    0.2088E+00    
0.2254E+01 
    6 226356.80      13     [LOKOJA      330.00]   -0.8188E+00   -
0.2110E+01 
    7 226356.80      13     [LOKOJA      330.00]    0.1366E+01    
0.1805E+01 
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    8 226356.80      13     [LOKOJA      330.00]   -0.1809E+01   -
0.1361E+01 
    9 226356.80      13     [LOKOJA      330.00]    0.2113E+01    
0.8130E+00 
   10 226356.80      13     [LOKOJA      330.00]   -0.2254E+01   -
0.2026E+00 
   11 226356.80      13     [LOKOJA      330.00]    0.2224E+01   -
0.4233E+00 
   12 226356.80      13     [LOKOJA      330.00]   -0.2022E+01    
0.1017E+01 
   13 226356.80      13     [LOKOJA      330.00]    0.1666E+01   -
0.1532E+01 
   14 226356.80      13     [LOKOJA      330.00]   -0.1182E+01    
0.1930E+01 
   15 226356.80      13     [LOKOJA      330.00]    0.6074E+00   -
0.2181E+01 
   16 226356.80      13     [LOKOJA      330.00]    0.1379E-01    
0.2264E+01 
   17 226356.80      13     [LOKOJA      330.00]   -0.6339E+00   -
0.2173E+01 
   18 226356.80      13     [LOKOJA      330.00]    0.1205E+01    
0.1916E+01 
   19 226356.80      13     [LOKOJA      330.00]   -0.1685E+01   -
0.1512E+01 
   20 226356.80      13     [LOKOJA      330.00]    0.2035E+01    
0.9921E+00 
 
 Terminated after 20 iterations--reached iteration limit 
 
 Largest mismatch:    250.10 MW   -112.28 Mvar    274.15 MVA at bus 
27 [BENIN-NORTH 133.00] 
 System total absolute mismatch:                 2039.93 MVA 
 
 ITER DELTAV/TOL X----------- AT BUS -----------X  REAL(DELTAV)  
IMAG(DELTAV) 
    1 226356.80      13     [LOKOJA      330.00]   -0.2229E+01   -
0.3962E+00 
    2 226356.80      13     [LOKOJA      330.00]    0.2252E+01   -
0.2301E+00 
    3 226356.80      13     [LOKOJA      330.00]   -0.2102E+01    
0.8387E+00 
    4 226356.80      13     [LOKOJA      330.00]    0.1792E+01   -
0.1383E+01 
    5 226356.80      13     [LOKOJA      330.00]   -0.1344E+01    
0.1821E+01 
    6 226356.80      13     [LOKOJA      330.00]    0.7931E+00   -
0.2120E+01 
    7 226356.80      13     [LOKOJA      330.00]   -0.1813E+00    
0.2256E+01 
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    8 226356.80      13     [LOKOJA      330.00]   -0.4443E+00   -
0.2220E+01 
    9 226356.80      13     [LOKOJA      330.00]    0.1036E+01    
0.2013E+01 
   10 226356.80      13     [LOKOJA      330.00]   -0.1548E+01   -
0.1651E+01 
   11 226356.80      13     [LOKOJA      330.00]    0.1942E+01    
0.1164E+01 
   12 226356.80      13     [LOKOJA      330.00]   -0.2186E+01   -
0.5868E+00 
   13 226356.80      13     [LOKOJA      330.00]    0.2263E+01   -
0.3515E-01 
   14 226356.80      13     [LOKOJA      330.00]   -0.2167E+01    
0.6544E+00 
   15 226356.80      13     [LOKOJA      330.00]    0.1904E+01   -
0.1223E+01 
   16 226356.80      13     [LOKOJA      330.00]   -0.1496E+01    
0.1699E+01 
   17 226356.80      13     [LOKOJA      330.00]    0.9728E+00   -
0.2044E+01 
   18 226356.80      13     [LOKOJA      330.00]   -0.3751E+00    
0.2232E+01 
   19 226356.80      13     [LOKOJA      330.00]   -0.2513E+00   -
0.2250E+01 
   20 226356.80      13     [LOKOJA      330.00]    0.8585E+00    
0.2094E+01 
 
 Terminated after 20 iterations--reached iteration limit 
 
 Largest mismatch:    250.10 MW   -112.28 Mvar    274.15 MVA at bus 
27 [BENIN-NORTH 133.00] 
 System total absolute mismatch:                 2039.93 MVA 
 
 The Snapshot at TIME = 0.0 in file C:\Program Files 
(x86)\PTI\PSSEXplore34\EXAMPLE\dynamicsmodeldata.snp was saved on 
MON, OCT 17 2016  20:45 
 
 NUMBER OF ELEMENTS RESTORED: 
   CONS STATES   VARS  ICONS CHANNELS 
    589    233     70     47     94 
 
 47 Output channels have been added 
 
 
 Next available addresses are: 
   CHANNEL   VAR   ICON 
      142    118     95 
 
 



94 
 

 Messages for api CHSB 
 Have just assigned channel 150 which is the highest channel number   
(002810) 
 
 
 9 Output channels have been added 
 
 
 Next available addresses are: 
   CHANNEL   VAR   ICON 
      151    118     95 
 
 0 Output channels have been added 
 
 
 Next available addresses are: 
   CHANNEL   VAR   ICON 
      151    118     95 
 Bus      4     [PORTHARCOURT133.00] is isolated 
 Bus      5     [AIYEDE      133.00] is isolated 
 Bus     30     [CALABAR     330.00] is isolated 
 Bus     44     [IKOT-ABASI  13.800] is isolated 
 Bus     48     [KANO        133.00] is isolated 
 Bus     49     [KATAMPE     330.00] is isolated 
 
 47 diagonal and 54 off-diagonal elements 
 
 Network not converged at TIME = -0.02 
 
     PTI INTERACTIVE POWER SYSTEM SIMULATOR--PSS(R)E     TUE, OCT 
18 2016  15:42 
 
 
 
 INITIAL CONDITION LOAD FLOW USED 26 ITERATIONS 
 
 ----------------------------- MACHINE INITIAL CONDITIONS ---------
-------------------- 
   BUS#-SCT X-- NAME --X BASKV ID  ETERM   EFD    POWER    VARS   
P.F.  ANGLE   ID     IQ 
 
 Network not converged at TIME = -0.02 
 
 INITIAL CONDITIONS CHECK O.K. 
 
 Channel output file is "C:\Program Files 
(x86)\PTI\PSSEXplore34\EXAMPLE\testsavn.out" 
 
 Network not converged at TIME = -0.0167 
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     PTI INTERACTIVE POWER SYSTEM SIMULATOR--PSS(R)E     TUE, OCT 
18 2016  15:47 
 
 
 
 INITIAL CONDITION LOAD FLOW USED 26 ITERATIONS 
 
 ----------------------------- MACHINE INITIAL CONDITIONS ---------
-------------------- 
   BUS#-SCT X-- NAME --X BASKV ID  ETERM   EFD    POWER    VARS   
P.F.  ANGLE   ID     IQ 
 
 Network not converged at TIME = -0.0167 
 
 INITIAL CONDITIONS CHECK O.K. 
 
 Channel output file is "C:\Program Files 
(x86)\PTI\PSSEXplore34\EXAMPLE\testsavn.out" 
 
 Channel output file is "C:\Program Files 
(x86)\PTI\PSSEXplore34\EXAMPLE\testsavn.out" 
 
 47 bus(es) in island(s) with no in-service machines 
 The following buses are disconnected: 
   BUS#-SCT X-- NAME --X BASKV    BUS#-SCT X-- NAME --X BASKV    
BUS#-SCT X-- NAME --X BASKV 
      4     PORTHARCOURT133.00       5     AIYEDE      133.00       
6     IKEJA-WEST  133.00 
      7     PAPALANTO   330.00       8     AJA         13.800       
9     EGBIN PS    330.00 
     10     AJAOKUTA    133.00      11     BENIN       13.800      
12     GEREGU      330.00 
     13     LOKOJA      330.00      14     AKANGBA     133.00      
15     SAPELE      330.00 
     16     ALADJA      133.00      17     DELTA PS    330.00      
18     ALAOJI      330.00 
     19     ALIADE      133.00      20     NEW HAVEN   133.00      
21     NEW HAVEN ST133.00 
     22     MAKURDI     133.00      23     B-KEBBI     13.800      
24     KAINJI      330.00 
     25     OSHOGBO     133.00      26     ONITSHA     133.00      
27     BENIN-NORTH 133.00 
     28     OMOTOSHO    133.00      29     EYAEN       133.00      
30     CALABAR     330.00 
     31     ALAGBON     133.00      32     DAMATURU    133.00      
33     GOMBE       133.00 
     34     MAIDUGURI   133.00      35     EGBEMA      330.00      
36     OMOKU       330.00 



96 
 

     37     OWERRI                  38     ERUNKAN     330.00      
39     GANMO       13.800 
     40     JOS         13.800      41     YOLA        133.00      
42     GWAGWALADA  133.00 
     43     SAKETE      132.00      44     IKOT-ABASI  13.800      
45     JALINGO     13.800 
     46     KADUNA      132.00      47     JEBBA       330.00      
48     KANO        133.00 
     49     KATAMPE     330.00      50     OKPAI       330.00 
 
 Ordering network... 
 Diagonals = 0   Off-diagonals = 0   Maximum size = 0 
 
 0 diagonal and 0 off-diagonal elements 
 
    TIME X- VALUE --X X--------- IDENTIFIER ---------X X- VALUE --X 
X--------- IDENTIFIER ---------X 
 -0.0167   0.0000     FREQ      4 [PORTHARCOURT133.00]   0.0000     
FREQ      5 [AIYEDE      133.00] 
     3     0.0000     FREQ      6 [IKEJA-WEST  133.00]   0.0000     
FREQ      7 [PAPALANTO   330.00] 
     5     0.0000     FREQ      8 [AJA         13.800]   0.0000     
FREQ      9 [EGBIN PS    330.00] 
     7     0.0000     FREQ     10 [AJAOKUTA    133.00]   0.0000     
FREQ     11 [BENIN       13.800] 
     9     0.0000     FREQ     12 [GEREGU      330.00]   0.0000     
FREQ     13 [LOKOJA      330.00] 
    11     0.0000     FREQ     14 [AKANGBA     133.00]   0.0000     
FREQ     15 [SAPELE      330.00] 
    13     0.0000     FREQ     16 [ALADJA      133.00]   0.0000     
FREQ     17 [DELTA PS    330.00] 
    15     0.0000     FREQ     18 [ALAOJI      330.00]   0.0000     
FREQ     19 [ALIADE      133.00] 
    17     0.0000     FREQ     20 [NEW HAVEN   133.00]   0.0000     
FREQ     21 [NEW HAVEN ST133.00] 
    19     0.0000     FREQ     22 [MAKURDI     133.00]   0.0000     
FREQ     23 [B-KEBBI     13.800] 
    21     0.0000     FREQ     24 [KAINJI      330.00]   0.0000     
FREQ     25 [OSHOGBO     133.00] 
    23     0.0000     FREQ     26 [ONITSHA     133.00]   0.0000     
FREQ     27 [BENIN-NORTH 133.00] 
    25     0.0000     FREQ     28 [OMOTOSHO    133.00]   0.0000     
FREQ     29 [EYAEN       133.00] 
    27     0.0000     FREQ     30 [CALABAR     330.00]   0.0000     
FREQ     31 [ALAGBON     133.00] 
    29     0.0000     FREQ     32 [DAMATURU    133.00]   0.0000     
FREQ     33 [GOMBE       133.00] 
    31     0.0000     FREQ     34 [MAIDUGURI   133.00]   0.0000     
FREQ     35 [EGBEMA      330.00] 
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    33     0.0000     FREQ     36 [OMOKU       330.00]   0.0000     
FREQ     37 [OWERRI            ] 
    35     0.0000     FREQ     38 [ERUNKAN     330.00]   0.0000     
FREQ     39 [GANMO       13.800] 
    37     0.0000     FREQ     40 [JOS         13.800]   0.0000     
FREQ     41 [YOLA        133.00] 
    39     0.0000     FREQ     42 [GWAGWALADA  133.00]   0.0000     
FREQ     43 [SAKETE      132.00] 
    41     0.0000     FREQ     44 [IKOT-ABASI  13.800]   0.0000     
FREQ     45 [JALINGO     13.800] 
    43     0.0000     FREQ     46 [KADUNA      132.00]   0.0000     
FREQ     47 [JEBBA       330.00] 
    45     0.0000     FREQ     48 [KANO        133.00]   0.0000     
FREQ     49 [KATAMPE     330.00] 
    47     0.0000     FREQ     50 [OKPAI       330.00]   1.0230     
VOLT      4 [PORTHARCOURT133.00] 
    49     0.0000     VOLT      5 [AIYEDE      133.00]  0.70788     
VOLT      6 [IKEJA-WEST  133.00] 
    51    0.70794     VOLT      7 [PAPALANTO   330.00]  0.70792     
VOLT      8 [AJA         13.800] 
    53    0.70796     VOLT      9 [EGBIN PS    330.00]  0.69045     
VOLT     10 [AJAOKUTA    133.00] 
    55    0.68463     VOLT     11 [BENIN       13.800]  0.70012     
VOLT     12 [GEREGU      330.00] 
    57     1.1428     VOLT     13 [LOKOJA      330.00]  0.70784     
VOLT     14 [AKANGBA     133.00] 
    59    0.67345     VOLT     15 [SAPELE      330.00]  0.67779     
VOLT     16 [ALADJA      133.00] 
    61    0.69255     VOLT     17 [DELTA PS    330.00]  0.69630     
VOLT     18 [ALAOJI      330.00] 
    63    0.57306     VOLT     19 [ALIADE      133.00]  0.56102     
VOLT     20 [NEW HAVEN   133.00] 
    65    0.59464     VOLT     21 [NEW HAVEN ST133.00]  0.59942     
VOLT     22 [MAKURDI     133.00] 
    67     0.0000     VOLT     23 [B-KEBBI     13.800]   0.0000     
VOLT     24 [KAINJI      330.00] 
    69    0.68501     VOLT     25 [OSHOGBO     133.00]  0.68764     
VOLT     26 [ONITSHA     133.00] 
    71    0.65633     VOLT     27 [BENIN-NORTH 133.00]  0.70779     
VOLT     28 [OMOTOSHO    133.00] 
    73    0.63918     VOLT     29 [EYAEN       133.00]   0.0000     
VOLT     30 [CALABAR     330.00] 
    75    0.64707     VOLT     31 [ALAGBON     133.00]  0.59064     
VOLT     32 [DAMATURU    133.00] 
    77    0.62263     VOLT     33 [GOMBE       133.00]  0.59271     
VOLT     34 [MAIDUGURI   133.00] 
    79    0.71044     VOLT     35 [EGBEMA      330.00]  0.71789     
VOLT     36 [OMOKU       330.00] 



98 
 

    81    0.68732     VOLT     37 [OWERRI            ]  0.72738     
VOLT     38 [ERUNKAN     330.00] 
    83    0.69308     VOLT     39 [GANMO       13.800]  0.60389     
VOLT     40 [JOS         13.800] 
    85    0.63112     VOLT     41 [YOLA        133.00]   1.1406     
VOLT     42 [GWAGWALADA  133.00] 
    87    0.70789     VOLT     43 [SAKETE      132.00]   0.0000     
VOLT     44 [IKOT-ABASI  13.800] 
    89    0.63179     VOLT     45 [JALINGO     13.800]  0.60701     
VOLT     46 [KADUNA      132.00] 
    91    0.69463     VOLT     47 [JEBBA       330.00]   0.0000     
VOLT     48 [KANO        133.00] 
    93     0.0000     VOLT     49 [KATAMPE     330.00]  0.68940     
VOLT     50 [OKPAI       330.00] 
    95     1.0230     VOLT      4 [PORTHARCOURT133.00]   0.0000     
VOLT      5 [AIYEDE      133.00] 
    97    0.70788     VOLT      6 [IKEJA-WEST  133.00]  0.70794     
VOLT      7 [PAPALANTO   330.00] 
    99    0.70792     VOLT      8 [AJA         13.800]  0.70796     
VOLT      9 [EGBIN PS    330.00] 
   101    0.69045     VOLT     10 [AJAOKUTA    133.00]  0.68463     
VOLT     11 [BENIN       13.800] 
   103    0.70012     VOLT     12 [GEREGU      330.00]   1.1428     
VOLT     13 [LOKOJA      330.00] 
   105    0.70784     VOLT     14 [AKANGBA     133.00]  0.67345     
VOLT     15 [SAPELE      330.00] 
   107    0.67779     VOLT     16 [ALADJA      133.00]  0.69255     
VOLT     17 [DELTA PS    330.00] 
   109    0.69630     VOLT     18 [ALAOJI      330.00]  0.57306     
VOLT     19 [ALIADE      133.00] 
   111    0.56102     VOLT     20 [NEW HAVEN   133.00]  0.59464     
VOLT     21 [NEW HAVEN ST133.00] 
   113    0.59942     VOLT     22 [MAKURDI     133.00]   0.0000     
VOLT     23 [B-KEBBI     13.800] 
   115     0.0000     VOLT     24 [KAINJI      330.00]  0.68501     
VOLT     25 [OSHOGBO     133.00] 
   117    0.68764     VOLT     26 [ONITSHA     133.00]  0.65633     
VOLT     27 [BENIN-NORTH 133.00] 
   119    0.70779     VOLT     28 [OMOTOSHO    133.00]  0.63918     
VOLT     29 [EYAEN       133.00] 
   121     0.0000     VOLT     30 [CALABAR     330.00]  0.64707     
VOLT     31 [ALAGBON     133.00] 
   123    0.59064     VOLT     32 [DAMATURU    133.00]  0.62263     
VOLT     33 [GOMBE       133.00] 
   125    0.59271     VOLT     34 [MAIDUGURI   133.00]  0.71044     
VOLT     35 [EGBEMA      330.00] 
   127    0.71789     VOLT     36 [OMOKU       330.00]  0.68732     
VOLT     37 [OWERRI            ] 
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   129    0.72738     VOLT     38 [ERUNKAN     330.00]  0.69308     
VOLT     39 [GANMO       13.800] 
   131    0.60389     VOLT     40 [JOS         13.800]  0.63112     
VOLT     41 [YOLA        133.00] 
   133     1.1406     VOLT     42 [GWAGWALADA  133.00]  0.70789     
VOLT     43 [SAKETE      132.00] 
   135     0.0000     VOLT     44 [IKOT-ABASI  13.800]  0.63179     
VOLT     45 [JALINGO     13.800] 
   137    0.60701     VOLT     46 [KADUNA      132.00]  0.69463     
VOLT     47 [JEBBA       330.00] 
   139     0.0000     VOLT     48 [KANO        133.00]   0.0000     
VOLT     49 [KATAMPE     330.00] 
   141    0.68940     VOLT     50 [OKPAI       330.00]   0.0000     
FREQ      4 [PORTHARCOURT133.00] 
   143     0.0000     FREQ      5 [AIYEDE      133.00]   0.0000     
FREQ      6 [IKEJA-WEST  133.00] 
   145     0.0000     FREQ      7 [PAPALANTO   330.00]   0.0000     
FREQ      8 [AJA         13.800] 
   147     0.0000     FREQ      9 [EGBIN PS    330.00]   0.0000     
FREQ     10 [AJAOKUTA    133.00] 
   149     0.0000     FREQ     11 [BENIN       13.800]   0.0000     
FREQ     12 [GEREGU      330.00] 
 
  0.5000   0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
     7     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    13     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    19     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    25     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    31     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    37     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    43     0.0000       0.0000       0.0000       0.0000       
0.0000       1.0230 
    49     0.0000      0.70788      0.70794      0.70792      
0.70796      0.69045 
    55    0.68463      0.70012       1.1428      0.70784      
0.67345      0.67779 
    61    0.69255      0.69630      0.57306      0.56102      
0.59464      0.59942 
    67     0.0000       0.0000      0.68501      0.68764      
0.65633      0.70779 
    73    0.63918       0.0000      0.64707      0.59064      
0.62263      0.59271 
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    79    0.71044      0.71789      0.68732      0.72738      
0.69308      0.60389 
    85    0.63112       1.1406      0.70789       0.0000      
0.63179      0.60701 
    91    0.69463       0.0000       0.0000      0.68940       
1.0230       0.0000 
    97    0.70788      0.70794      0.70792      0.70796      
0.69045      0.68463 
   103    0.70012       1.1428      0.70784      0.67345      
0.67779      0.69255 
   109    0.69630      0.57306      0.56102      0.59464      
0.59942       0.0000 
   115     0.0000      0.68501      0.68764      0.65633      
0.70779      0.63918 
   121     0.0000      0.64707      0.59064      0.62263      
0.59271      0.71044 
   127    0.71789      0.68732      0.72738      0.69308      
0.60389      0.63112 
   133     1.1406      0.70789       0.0000      0.63179      
0.60701      0.69463 
   139     0.0000       0.0000      0.68940       0.0000       
0.0000       0.0000 
   145     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
 
 
 Messages for api DIST_BRANCH_FAULT 
 Ckt "1" from bus 1 [SHIRORO     330.00] to bus 5 [AIYEDE      
133.00] is out-of-service   (003949) 
 
 
 Channel output file is "C:\Program Files 
(x86)\PTI\PSSEXplore34\EXAMPLE\testsavn.out" 
 
    TIME X- VALUE --X X--------- IDENTIFIER ---------X X- VALUE --X 
X--------- IDENTIFIER ---------X 
  0.5000   0.0000     FREQ      4 [PORTHARCOURT133.00]   0.0000     
FREQ      5 [AIYEDE      133.00] 
     3     0.0000     FREQ      6 [IKEJA-WEST  133.00]   0.0000     
FREQ      7 [PAPALANTO   330.00] 
     5     0.0000     FREQ      8 [AJA         13.800]   0.0000     
FREQ      9 [EGBIN PS    330.00] 
     7     0.0000     FREQ     10 [AJAOKUTA    133.00]   0.0000     
FREQ     11 [BENIN       13.800] 
     9     0.0000     FREQ     12 [GEREGU      330.00]   0.0000     
FREQ     13 [LOKOJA      330.00] 
    11     0.0000     FREQ     14 [AKANGBA     133.00]   0.0000     
FREQ     15 [SAPELE      330.00] 
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    13     0.0000     FREQ     16 [ALADJA      133.00]   0.0000     
FREQ     17 [DELTA PS    330.00] 
    15     0.0000     FREQ     18 [ALAOJI      330.00]   0.0000     
FREQ     19 [ALIADE      133.00] 
    17     0.0000     FREQ     20 [NEW HAVEN   133.00]   0.0000     
FREQ     21 [NEW HAVEN ST133.00] 
    19     0.0000     FREQ     22 [MAKURDI     133.00]   0.0000     
FREQ     23 [B-KEBBI     13.800] 
    21     0.0000     FREQ     24 [KAINJI      330.00]   0.0000     
FREQ     25 [OSHOGBO     133.00] 
    23     0.0000     FREQ     26 [ONITSHA     133.00]   0.0000     
FREQ     27 [BENIN-NORTH 133.00] 
    25     0.0000     FREQ     28 [OMOTOSHO    133.00]   0.0000     
FREQ     29 [EYAEN       133.00] 
    27     0.0000     FREQ     30 [CALABAR     330.00]   0.0000     
FREQ     31 [ALAGBON     133.00] 
    29     0.0000     FREQ     32 [DAMATURU    133.00]   0.0000     
FREQ     33 [GOMBE       133.00] 
    31     0.0000     FREQ     34 [MAIDUGURI   133.00]   0.0000     
FREQ     35 [EGBEMA      330.00] 
    33     0.0000     FREQ     36 [OMOKU       330.00]   0.0000     
FREQ     37 [OWERRI            ] 
    35     0.0000     FREQ     38 [ERUNKAN     330.00]   0.0000     
FREQ     39 [GANMO       13.800] 
    37     0.0000     FREQ     40 [JOS         13.800]   0.0000     
FREQ     41 [YOLA        133.00] 
    39     0.0000     FREQ     42 [GWAGWALADA  133.00]   0.0000     
FREQ     43 [SAKETE      132.00] 
    41     0.0000     FREQ     44 [IKOT-ABASI  13.800]   0.0000     
FREQ     45 [JALINGO     13.800] 
    43     0.0000     FREQ     46 [KADUNA      132.00]   0.0000     
FREQ     47 [JEBBA       330.00] 
    45     0.0000     FREQ     48 [KANO        133.00]   0.0000     
FREQ     49 [KATAMPE     330.00] 
    47     0.0000     FREQ     50 [OKPAI       330.00]   0.0000     
VOLT      4 [PORTHARCOURT133.00] 
    49     0.0000     VOLT      5 [AIYEDE      133.00]   0.0000     
VOLT      6 [IKEJA-WEST  133.00] 
    51     0.0000     VOLT      7 [PAPALANTO   330.00]   0.0000     
VOLT      8 [AJA         13.800] 
    53     0.0000     VOLT      9 [EGBIN PS    330.00]   0.0000     
VOLT     10 [AJAOKUTA    133.00] 
    55     0.0000     VOLT     11 [BENIN       13.800]   0.0000     
VOLT     12 [GEREGU      330.00] 
    57     0.0000     VOLT     13 [LOKOJA      330.00]   0.0000     
VOLT     14 [AKANGBA     133.00] 
    59     0.0000     VOLT     15 [SAPELE      330.00]   0.0000     
VOLT     16 [ALADJA      133.00] 
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    61     0.0000     VOLT     17 [DELTA PS    330.00]   0.0000     
VOLT     18 [ALAOJI      330.00] 
    63     0.0000     VOLT     19 [ALIADE      133.00]   0.0000     
VOLT     20 [NEW HAVEN   133.00] 
    65     0.0000     VOLT     21 [NEW HAVEN ST133.00]   0.0000     
VOLT     22 [MAKURDI     133.00] 
    67     0.0000     VOLT     23 [B-KEBBI     13.800]   0.0000     
VOLT     24 [KAINJI      330.00] 
    69     0.0000     VOLT     25 [OSHOGBO     133.00]   0.0000     
VOLT     26 [ONITSHA     133.00] 
    71     0.0000     VOLT     27 [BENIN-NORTH 133.00]   0.0000     
VOLT     28 [OMOTOSHO    133.00] 
    73     0.0000     VOLT     29 [EYAEN       133.00]   0.0000     
VOLT     30 [CALABAR     330.00] 
    75     0.0000     VOLT     31 [ALAGBON     133.00]   0.0000     
VOLT     32 [DAMATURU    133.00] 
    77     0.0000     VOLT     33 [GOMBE       133.00]   0.0000     
VOLT     34 [MAIDUGURI   133.00] 
    79     0.0000     VOLT     35 [EGBEMA      330.00]   0.0000     
VOLT     36 [OMOKU       330.00] 
    81     0.0000     VOLT     37 [OWERRI            ]   0.0000     
VOLT     38 [ERUNKAN     330.00] 
    83     0.0000     VOLT     39 [GANMO       13.800]   0.0000     
VOLT     40 [JOS         13.800] 
    85     0.0000     VOLT     41 [YOLA        133.00]   0.0000     
VOLT     42 [GWAGWALADA  133.00] 
    87     0.0000     VOLT     43 [SAKETE      132.00]   0.0000     
VOLT     44 [IKOT-ABASI  13.800] 
    89     0.0000     VOLT     45 [JALINGO     13.800]   0.0000     
VOLT     46 [KADUNA      132.00] 
    91     0.0000     VOLT     47 [JEBBA       330.00]   0.0000     
VOLT     48 [KANO        133.00] 
    93     0.0000     VOLT     49 [KATAMPE     330.00]   0.0000     
VOLT     50 [OKPAI       330.00] 
    95     0.0000     VOLT      4 [PORTHARCOURT133.00]   0.0000     
VOLT      5 [AIYEDE      133.00] 
    97     0.0000     VOLT      6 [IKEJA-WEST  133.00]   0.0000     
VOLT      7 [PAPALANTO   330.00] 
    99     0.0000     VOLT      8 [AJA         13.800]   0.0000     
VOLT      9 [EGBIN PS    330.00] 
   101     0.0000     VOLT     10 [AJAOKUTA    133.00]   0.0000     
VOLT     11 [BENIN       13.800] 
   103     0.0000     VOLT     12 [GEREGU      330.00]   0.0000     
VOLT     13 [LOKOJA      330.00] 
   105     0.0000     VOLT     14 [AKANGBA     133.00]   0.0000     
VOLT     15 [SAPELE      330.00] 
   107     0.0000     VOLT     16 [ALADJA      133.00]   0.0000     
VOLT     17 [DELTA PS    330.00] 
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   109     0.0000     VOLT     18 [ALAOJI      330.00]   0.0000     
VOLT     19 [ALIADE      133.00] 
   111     0.0000     VOLT     20 [NEW HAVEN   133.00]   0.0000     
VOLT     21 [NEW HAVEN ST133.00] 
   113     0.0000     VOLT     22 [MAKURDI     133.00]   0.0000     
VOLT     23 [B-KEBBI     13.800] 
   115     0.0000     VOLT     24 [KAINJI      330.00]   0.0000     
VOLT     25 [OSHOGBO     133.00] 
   117     0.0000     VOLT     26 [ONITSHA     133.00]   0.0000     
VOLT     27 [BENIN-NORTH 133.00] 
   119     0.0000     VOLT     28 [OMOTOSHO    133.00]   0.0000     
VOLT     29 [EYAEN       133.00] 
   121     0.0000     VOLT     30 [CALABAR     330.00]   0.0000     
VOLT     31 [ALAGBON     133.00] 
   123     0.0000     VOLT     32 [DAMATURU    133.00]   0.0000     
VOLT     33 [GOMBE       133.00] 
   125     0.0000     VOLT     34 [MAIDUGURI   133.00]   0.0000     
VOLT     35 [EGBEMA      330.00] 
   127     0.0000     VOLT     36 [OMOKU       330.00]   0.0000     
VOLT     37 [OWERRI            ] 
   129     0.0000     VOLT     38 [ERUNKAN     330.00]   0.0000     
VOLT     39 [GANMO       13.800] 
   131     0.0000     VOLT     40 [JOS         13.800]   0.0000     
VOLT     41 [YOLA        133.00] 
   133     0.0000     VOLT     42 [GWAGWALADA  133.00]   0.0000     
VOLT     43 [SAKETE      132.00] 
   135     0.0000     VOLT     44 [IKOT-ABASI  13.800]   0.0000     
VOLT     45 [JALINGO     13.800] 
   137     0.0000     VOLT     46 [KADUNA      132.00]   0.0000     
VOLT     47 [JEBBA       330.00] 
   139     0.0000     VOLT     48 [KANO        133.00]   0.0000     
VOLT     49 [KATAMPE     330.00] 
   141     0.0000     VOLT     50 [OKPAI       330.00]   0.0000     
FREQ      4 [PORTHARCOURT133.00] 
   143     0.0000     FREQ      5 [AIYEDE      133.00]   0.0000     
FREQ      6 [IKEJA-WEST  133.00] 
   145     0.0000     FREQ      7 [PAPALANTO   330.00]   0.0000     
FREQ      8 [AJA         13.800] 
   147     0.0000     FREQ      9 [EGBIN PS    330.00]   0.0000     
FREQ     10 [AJAOKUTA    133.00] 
   149     0.0000     FREQ     11 [BENIN       13.800]   0.0000     
FREQ     12 [GEREGU      330.00] 
 
  1.0000   0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
     7     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    13     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
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    19     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    25     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    31     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    37     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    43     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    49     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    55     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    61     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    67     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    73     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    79     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    85     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    91     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
    97     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
   103     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
   109     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
   115     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
   121     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
   127     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
   133     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
   139     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
   145     0.0000       0.0000       0.0000       0.0000       
0.0000       0.0000 
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