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Situational Awareness
Power system monitoring is being regularly done to grasp the operational situation of the 
power system.

Availability of adequate information pertaining the to health of the system would 
ensure appropriate decision making by the power system operators.

The complexity of the system monitoring has increased many folds with major 
contributors being the emphasis on large scale integration of renewable sources at both 
the transmission and distribution levels.

Integration of renewables increases the uncertainties of the system operation at same time 
reduce the grid inertia. 



Situational Awareness: Continued
With large scale integration of DG at distribution levels and appraisal of prosumer technology, the conventional 
distribution networks converted to active distribution networks. 

The active distribution networks with advanced monitoring and control capability if allowed could possibly 
inject power back to the grid at transmission levels. 

On account of such interaction traditional methods of system analysis and monitoring developed with 
consideration of disjoint transmission and distribution would have to be revisited and recalibrated for 
adequacy.

The increased renewable penetration also effects the power flows through the line and hence the assessment of 
transmission capability remaining in the system becomes an important factor.



AVAILABLE TRANSFER CAPABILTY 



AVAILABLE TRANSFER CAPABILTY 
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Schematic Representation of ATC evaluation



Available Transmission Capability
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Figure. 3 Figure. 4



 Problem Formulation

The value of ATC in (1) can be obtained by maximizing the demand in the 
sink area of the system, expressed mathematically as

𝑀𝑀𝑀𝑀𝑀𝑀 (𝑓𝑓 𝑥𝑥 ) …(2)
Where,               𝑓𝑓 𝑥𝑥 = ∑𝑖𝑖=1

𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑥𝑥𝑖𝑖 − ∑𝑖𝑖=1
𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑥𝑥𝑖𝑖𝑖 …(3)

Here,
𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is the number of buses in sink area
𝑥𝑥𝑖𝑖 is the load at 𝑖𝑖𝑡𝑡𝑡 bus.
𝑥𝑥𝑖𝑖𝑖𝑖 is the initial load at the 𝑖𝑖𝑡𝑡𝑡 bus 



Constraints
 Equality Constraints
The power quality constraints.
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Here, 𝑖𝑖, 𝑗𝑗 ∈ 1,2,⋯𝑁𝑁



 Inequality Constraints     

𝑃𝑃𝑔𝑔𝑔𝑔𝑚𝑚𝑚𝑚𝑚𝑚 ≤ Pgi ≤ 𝑃𝑃𝑔𝑔𝑔𝑔𝑚𝑚𝑚𝑚𝑚𝑚 𝑖𝑖 ∈ 1,2⋯𝑀𝑀 …(4)

𝑄𝑄𝑔𝑔𝑔𝑔𝑚𝑚𝑚𝑚𝑚𝑚 ≤ Qgi ≤ 𝑄𝑄𝑔𝑔𝑔𝑔𝑚𝑚𝑚𝑚𝑚𝑚 𝑖𝑖 ∈ 1,2⋯𝑀𝑀 …(5)

𝑉𝑉𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚 ≤ Vi ≤ 𝑉𝑉𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚 𝑖𝑖 ∈ 1,2⋯𝑁𝑁 …(6)

𝑃𝑃𝑖𝑖,𝑗𝑗𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 𝑃𝑃i,j ≤ 𝑃𝑃𝑖𝑖,𝑗𝑗𝑚𝑚𝑚𝑚𝑚𝑚 𝑖𝑖 ∈ 1,2⋯𝑁𝑁
𝑗𝑗 ∈ 1,2⋯𝑁𝑁 & 𝑗𝑗 ≠ 𝑖𝑖

…(7)

𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 𝑥𝑥 ≤ 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 …(8)
Here, 
M number of generation buses.
N number of load buses



Power System Scenarios 

Time

Pseudo-PMU Emulation for Quasi-Static Analysis

Figure. 5 Figure. 6



PMU EMULATION:- Comparison of Conventional and 
PMU Emulator 

Figure. 7 Figure. 8



 Figure 9

The architecture of 

ANN presented used 

has been given in 

Figure. 9

Real Time ATC Estimation using ANN



 Figure 10

Feature Extraction: - Schematic Representation



 Figure 10(a)

Schematic: -Software Based Development of the Proposed Method 



• The PSN solver and the input

scenario have been replaced by

actual power grid where as PPMU

emulator has been replaced by actual

PMU.

• The PMU measurements have been

directly sent to the data pre-

processing stage (i.e. LSE and

Feature Extraction) for ATC

estimation by the trained ANN.
 Figure 10(b)

Practical Implementation of the proposed Method 



 Figure 11

• This communication is 
established through 
‘GTNET SKT’ protocol. 
The ‘GTNET SKT’ 
protocol is capable of 
handling data streams with 
an update frequency of 2 
kHz (maximum).

• A schematic representation 
of the process has been 
shown in Figure.9. 

Authentication in real time Using Real-Time Digital Simulator 



Configuring GTNET PMU and Open 
PMU Connection Tester and 

OPENECA to MATLAB interface











IEEE 14 BUS TEST SYSTEM FOR 
ILLUSTRATION



Real-Time Estimation of ATC:- Test Case

AREA 1 AREA 2



AREA 3

Real-Time Estimation of ATC:- Test Case



 Figure XIV Estimated ATC and loading of buses in area A2 during RTDS simulation.

(a) (b)

Results and Discussion : - Performance of Real Time ANN Estimator
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