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Abstract— This paper presents the feature of unit protection 

relays to protect large power transmission grids based on 

phasor measurement units. Current differential protection 

relays are widely applied to the protection of electrical plant 

due to their simplicity, sensitivity and stability for internal 

and external faults. The principle of the protection scheme 

depends on comparing positive sequence voltage magnitudes 

at each bus during fault conditions inside a system protection 

center to detect the nearest bus to the fault. Then the absolute 

differences of positive sequence current angles are compared 

for all lines connecting to this bus to detect the faulted line. 

The new technique depends on synchronized phasor 

measuring technology with high speed communication 

system and time transfer GPS system. 
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I. INTRODUCTION 

The electrical power systems function as a huge 

interconnected network dispersed over a large area. Balance 

exists between generated and consumed power. Any 

disturbance to this balance in the system caused due to change 

in load as well as faults and their clearance often results in 

electromechanical oscillations. As a result there is variation 

in power flow between two areas. This phenomenon is 

referred as Power Swing. 

During the period of disturbance there is a variation 

of rotor angle. If it is a stable swing then the fluctuations die 

down. During severe disturbances the oscillations in power 

do not damp out causing further separation of angle between 

the areas. This will result in large swings of power flow, 

fluctuations in voltages and currents and eventual loss of 

synchronism known as out-of-step condition. 

Phasor measurement unit is used for measurement 

of voltage and current data and this data is used for 

differentiating between a swing or fault condition, and if a 

swing is detected, to predict whether the swing is a stable or 

an unstable one. 

Measurement of synchrophasors can open up new 

avenues for improved control and stability of the power 

system. Phasor Measurement Unit (PMU) can measure 

positive sequence voltages and currents along with frequency 

and rate of change of frequency. They can directly measure 

the state of the system thus eliminating the need for state 

estimation altogether, if the system is completely observable. 

For this to become reality a large number of PMUs need to be 

deployed that would call for large upfront investments. 

Another possibility to ensure large scale deployment of 

PMUs, is to find ways to make the technology more 

affordable. 

II. POWER SYSTEM WITH PROTECTION ZONES 

 
Fig. 1: A Power System Showing Protection Zones 

Disturbances in power systems are inevitable. So power 

systems are incorporated with provisions for mitigating the 

effects of disturbances which are called as protection systems. 

The function of protection system is to ensure the 

prompt removal of any element of a power system that might 

cause damage or otherwise interfere with the effective 

operation of the rest of the system. Power protection system 

mainly consists of relays, circuit breakers, instrument 

transformers and communication devices. A relay is a device 

which senses abnormalities in a power system and makes a 

decision. The circuit breaker uses there lays’ decisions to 

perform connection/disconnection actions. The relays receive 

information of voltage and current via the instrument 

transformers Coordination of their lays is maintained by 

communication devices. Using the information of voltage and 

current, relay evaluates a composite signal (signal varies relay 

to relay). The computed signal is then compared with relay’s 

threshold value to make the decision whether the system is 

running normally or abnormalities have occurred. The 

abnormalities to which a relay responds include. 

 Increase in current 

 Change in direction of power flow 

 Under voltage condition 

 Under frequency 

 Increase in temperature 

 Loss of synchronism (out-of-step) 

The out-of-step relays sense the loss of synchronism 

or out-of-step condition in the power system and disconnects 

the asynchronous generators from the rest of the system to 

restore new steady state operating condition[1].Relays are 

installed at various locations to protect the major components 

of a power system without leaving any part of the system 

unprotected. This is achieved by dividing the power system 

into segments called protection zones. A protection zone 

normally includes a generator, a transformer, a bus, a 

transmission line, a distribution feeder or a motor. Each relay 

has ‘reach’ beyond which it cannot protect. So the protection 

zones are overlapped to ensure then protection each 
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component. Figure 1 shows an example of the protection 

zones for a sample power system. 

III. GENERIC MODEL OF PHASOR MEASUREMENT UNIT 

PMU measures synchro phasor and the generic form of a 

conventional PMU is described here. Since different types of 

PMUs are manufactured, it is important to understand such a 

generic model. PMU can measure synchro phasor along with 

the frequency and rate of change of frequency (ROCOF) and 

the measurements are also time stamped very accurately in a 

PMU. Thus it is possible to thus it is possible to aligns 

measurement coming from different PMU. Irrespective of the 

time delay in transferring the data and to index the data for a 

complete snapshot of the system at any given time. 

 
Fig. 2: Generic Block Diagram of PMU 

Fig. 3: Typical Synchro Phasor Installation at Substation 

As shown in figure 2, the measured analog signal 

inputs are stepped down for electronic components using 

instrument transformers, typically within the range of ±10 

volts. These are hardware to the bus or the line from which 

wave form is collected for measurement figure 3 all three 

phasor measurements of current and voltages are used to 

derive positive, negative and zero sequence components. 

The attenuator is a physical component that is used 

to reduce the power of signal without distorting the 

waveform. These signals are then conditioned by filtering 

them using anti-aliasing filter. The cut off frequency of these 

filter is less than half the sampling frequency in order to 

satisfy the Nyquist criterion[6]. Higher cut-off frequency may 

be used for a higher sampling rate, in such case a digital 

decimation filter may be used to down convert the higher 

sampling rate to lower, thus providing digital anti-

aliasing[6].These digital filters are less sensitive to 

temperature variations so that the phase angle differences and 

relative magnitude of the different signals are practically 

unchanged at various weather conditions[6]. 

GPS provides a 1 PPS waveform received anywhere 

on earth within 1μ s of each other. Time precision of 

nanoseconds may be achieved using GPS. These pulses are 

used to synchronize the local oscillator to sample the analog 

input in the Analog-to-Digital (ADC) converter. The 

sampling rate is determined by the local oscillator. 

Oversampling the data helps determine the phasor with better 

precision as the estimation accuracy increases. 

GPS also provides a time stamp to the measurements 

evaluated using the microprocessor. These time stamps make 

it possible to index and align the data coming from various 

PMUs. The time-stamps are created from two of the signals 

derived from the GPS receiver. 

The phasor is evaluated and time-stamped in the 

microprocessor unit. This data is then communicated to a 

common Phasor Data Concentrator (PDC) that is the next 

hierarchical unit of PMU architecture. At the PDC level, the 

data is time aligned, and system state is determined and 

necessary control actions initiated. 

The communication requirements of a network of 

PMUs depend on the rate of sampling to determine the 

bandwidth of communication required. The data acquired 

from PMU may be made compact instead of raw data being 

reported. At PDC level the snapshot of the system can be 

observed and critical control actions initiated. 

IV. WIDE-AREA BACKUP PROTECTION SYSTEM 

According to recent studies, the mal-operation or fail-to trip 

of protection is determined as one of the origins to raise and 

propagate major power system disturbances. A vast majority 

of relay mal-operations are unwanted trips and have been 

shown to propagate major disturbances. A CIGRE study 

found that 27% of bulk power system disturbances resulted 

from false trips of the protection system. The major reason of 

these conventional solutions lies in that local protection 

devices are not considering a system view and are therefore 

not able to take optimized and coordinated actions. Backup 

protections in fault clearance system have the task to operate 

only when the primary protection fails to operate or when the 

primary protection is temporarily out of service. 

The recent complexity and enlargement of power 

systems makes it difficult to coordinate operation times and 

reaches among relays especially. In the existed relay 

protection system, mal operations of backup protection 

contribute a lot to system security and stability; furthermore, 

they are main reasons to system cascade tripping. To solve 

this problem, one proposal is to add an intelligent analysing 

and controlling function in key process of protection 

functionality. In the areas of power system automation and 

substation automation, there are two different trends: 

centralization and decentralization. 

More and more dynamic functions are moving from 

local and regional control centers toward central or national 

control centers. At the same time we also observe more 

"intelligence" and "decision power" moving closer towards 

the actual power system substations[7]. 

Greater functional integration is being enclosed in 

substation hardware. In view of global security of power 

systems, the action algorithms of conventional backup 

protections possibly are not best choices because the 

operations of individual relays are hardly coordinated each 

other. Therefore, the principle of the protection design needs 

innovation to overcome the above problem[8]. 
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Fig. 4: General Configuration of Wide-Area Backup 

Protection System 

The proposed system comprises a master system and 

several local units. The system is arranged as three layers. 

The bottom layer consists of PMUs with additional protection 

functionality. The next layer consists of several Local Backup 

Protection Centers (LBPCs), each of which interfaces directly 

with a number of PMUs. The top layer, System Backup 

Protection Center (SBPC), acts as the coordinator for the 

LBPCs. Connected together via fiber-optic communication 

links, these devices can process intelligent algorithms based 

on data collected locally. The structure can be seen as Figure 

4. 

V. PROPOSED MODEL 

The objective of the work is to discriminate between power 

swing and fault condition. The principle of the protection 

scheme depends on comparing positive sequence voltage 

magnitudes at each bus during fault conditions inside a 

system protection center to detect the nearest bus to the fault. 

Then the absolute differences of positive sequence current 

angles are compared for all lines connecting to this bus to 

detect the faulted line. Also the internal and external fault can 

also be discriminated with the measurement of bus voltage 

magnitude and phase angle difference. 

Three phase voltage and current measured at bus 

using VI measurement are the input to the discrete three phase 

sequence analyzer. 

 Phasor measurement unit (which uses DFT for phasor) 

 Sequence Component Measurement. 

The PMU calculates the phasor of the signal. In this 

work, the voltage and current signals of R, Y and B phases 

are the input signal for the positive sequence analyzer. The 

phasor measurement block computes magnitude and phase 

angle of R, Y and B phase. (for voltage as well as for current). 

The magnitude and the phase angle of the DFT block is given 

to the positive sequence calculation block. The sequence 

analyzer computes the positive sequence of the given signal 

using the equation of V =1/3 (Va + α. Vb + α2. Vc). 

The test system shown in figure 5 is used for the 

analysis. Figure 6 shows the matlab model of the test system. 

The test system has 6 buses and 6 lines.3 programmable 

sources are used as generator whereas four loads are 

connected at different load buses. 

 
Fig. 5: Single Line Diagram of Proposed System 

Line specifications are as follows: 

BUS LINES LENGTH 

1-2 Line 1 21km 

2-3 Line 2 20km 

3-4 Line 3 21km 

2-5 Line 4 20km 

3-5 Line 5 20km 

5-6 Line 6 21km 

Table 1

:  

Fig. 6: Simulation Model of Proposed Interconnected Network 
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The Discrete Fourier transform block computes the 

fundamental values of the input phase current signal over 

running window of one cycle of the specified fundamental 

frequency. The two out puts of the block is magnitude and 

phase angle. The magnitude is taken as a percentage from its 

steady state value. The rate of change of this percentage is 

compared with a threshold value. For first cycle of simulation 

the output are held constant to the value specified by the 

parameter. 

The test system contains three programmable 

voltage source having 25kv, 60 Hz rating. The programmable 

voltage sources are connected to bus 1, 4 and 6 through RLC 

series branch having 25KV and 100 MVA rating. Four RL 

load of 10 MW and 0.2 MVAR are connected to the bus 2, 3 

and 5. Positive and zero sequence Parameter of line 1, 3 and 

6 resistance, inductance and capacitance is [0.1153 0.3963], 

[1.048e-3 2.730e-3], [11.33e-95.338e-9]. Positive and zero 

sequence Parameter of line 2, 4 and 5 resistance, inductance 

are [0.1153 1.048e-3], [0.3963 2.730e-3].The three phase 

fault having fault resistance of 0.01 ohm is applied on line-2. 

Threephase fault is applied at 0.0833 sec and cleared at 

0.1667sec. 

The flowchart of the proposed model is shown in figure 7. 

 
Fig. 7: Flow Chart of the Proposed Model 

VI. SIMULATION RESULTS 

The three phase voltage waveform for the test system are 

shown in figure 8 to 13.where, the three phase fault is applied 

at 0.0833 sec between the bus-2 and bus-3. Also the 

magnitude and phase angle of all bus voltages are shown in 

figure 8 to 13 for pre fault, during fault and post fault 

condition. From the figure 8 to 13, It can be clearly observe 

that the voltage waveform are greatly affected with the 

occurrence of the fault. The decrement in voltage magnitude 

for bus-2 and bus-3 are the highest as compare to the other 

buses. In these work, one cycle DFT algorithm is used to 

compute the phasor. So these phasor measurement block 

takes minimum one cycle to compute phasor magnitude and 

angle, which can be seen from the figure 8 to 13.The phasor 

measurement block can also calculate magnitude and phase 

angle of fault condition. Similarly the waveform of three 

phase current and their magnitude and angle are shown in 

figure 14 to 19.It is expected that the current increases during 

fault condition, the current magnitude and angle follows the 

same behavior in figure 14 to 19. 

 

 
Fig. 8: Three Phase Voltage Waveforms, Positive Sequence 

Voltage Magnitude & Phase Angle Ofbus-1 

 
Fig. 9: Three Phase Voltage Waveforms, Positive Sequence 

Voltage Magnitude & Phase Angle Ofbus-2 

 
Fig. 10: Three Phase Voltage Waveforms, Positive 

Sequence Voltage Magnitude & Phase Angle of Bus-3 
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Fig. 11: Three Phase Voltage Waveforms, Positive 

Sequence Voltage Magnitude & Phase Angle of Bus-4 

 
Fig. 12: Three Phase Voltage Waveforms, Positive 

Sequence Voltage Magnitude and Phase Angle of Bus-5 

 
Fig. 13: Three Phase Voltage Waveforms, Positive 

Sequence Voltage Magnitude and Phase Angle of bus-6 

 
Fig. 14: Three Phase Current Waveforms, Positive Sequence 

Current Magnitude and Phase Angle of Bus-1 

 
Fig. 15: Three Phase Current Waveforms, Positive Sequence 

Current Magnitude & Phase Angle of Bus-2 

 
Fig. 16: Three Phase Current Waveforms, Positive Sequence 

Current Magnitude and Phase Angle of Bus-3 

 
Fig. 17: Three Phase Current Waveforms, Positive Sequence 

Current Magnitude and Phase Angle of Bus-4 

 
Fig. 18: Three Phase Current Waveforms, Positive Sequence 

Current Magnitude and Phase Angle of Bus-5 
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Fig. 19: Three Phase Current Waveforms, Positive Sequence 

Current Magnitude & Phase Angle of Bus-6 

Figure 20 shows the comparison of positive 

sequence voltage magnitude for all the buses during normal 

condition. For the fault condition the reduction in the bus 

voltage is recorded. For all the buses the bus with the highest 

voltage reduction is identified as the bus which is nearest to 

the fault. 

 
Fig. 20: Positive Sequence Voltage Magnitudes 

Figure 20 shows the output from the Six PMU, The 

graph shows the five positive sequence voltage magnitude 

(PSVM) for six different bus during fault. The minimum 

value (0.157) is selected which indicates the nearest bus to 

the fault in this figure it is clear that fault is near to the bus 2. 

At bus2 three lines are connected line (2to1, 2to3, 

2to5) hence the objective is to find the line in which the fault 

has actually occurred. For these identification, the absolute 

phase angle difference of the line current measured at from 

end and to end. For all the three lines. The maximum absolute 

difference of current gives the fault location. 

 
Fig. 21: Positive Sequence Current Magnitudes 

Figure 21 shows the absolute differences of positive 

sequence current angles(PSCA) for all lines connecting 

thefaulted bus(2) with all other neighbouring bus (1, 3, 5).The 

graph shows the maximum absolute difference of positive 

sequence current angle about(202°) that refers to the line 2. 

VII. CONCLUSION 

A new protection technique for transmission grids using 

phasor synchronized measuring technique in wide area 

system is presented in this paper. The protection scheme has 

successfully identified the power swing in all over the 

interconnected system. The relay represents a newstat of art 

in the field of interconnected grid protection for many 

reasons. The new idea isbased on sharing data from many 

PMUs. 

 The relay is based on sharing data from all areas. 

 One relay is used instead of many stand-alone relays with 

different complexity coordination. 

 The relay has features of unit protection in identifying 

the faulted zone. 

 One and only one trip decision is issued from the 

protection center. 
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