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Abstract: In a power system, transmission reliability margin (TRM) is a key factor that determines 
the available transmission capability (ATC) ensuring the secure operation of the transmission 
network during the occurrence of uncertainties. Before transmitting available power through the 
network, it is necessary to know the secure margin. The secure margin determines whether it’s safe 
for transmission or not. The exact calculation of the transmission reliability margin is quite 
challenging due to the random disturbances in the transmission network. This paper introduces an 
effective technique for determining the TRM by AC load flow, considering the available 
transmission capability and sensitivity of three distinct system parameters such as load, transmission 
line impedance, and bus voltage magnitude. Numerical results demonstrate that the proposed 
technique is an attractive solution for calculating the ATC, sensitivity with respect to ATC, and TRM 
considering the effect of system parameters. The whole process is done for the standard IEEE-6 bus 
system considering multi-transactions. Finally, the calculated TRM values are compared with the 
existing techniques for justifying the effectiveness of the proposed technique. 

Keywords: AC load flow; available transfer capability; sensitivity; transmission reliability margin; 
apparent power transfer distribution factors (SPTDFs); voltage distribution factors 
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1. Introduction 

Reliability is a function, which always varies with time. To affirm the reliability of any 
designed system, it must be able to perform decently under the desired conditions over a specified 
period. The definition of reliability has four basic parts: probability, adequate performance, time, and 
operating conditions. Moreover, reliability refers to the probability of a system/device performing its 
purpose adequately for the period intended under the operating conditions encountered [1,2]. 
Reliability ends when the system stops to perform its intended function, and then unreliability occurs. 
Under specified system conditions, how reliably power can be transferred from one area to another 
though all transmission lines of interconnected electric systems is known as transfer capability. The 
whole concept of reliability is based on probabilistic characterization. The measurement of the 
amount of dispersion of a set of values is done by the standard deviation and the standard deviation 
of uncertainty helps to obtain the result of Transmission Reliability Margin (TRM). In all Available 
Transfer Capability (ATC) determinations, transmission provider (TP) uses TRM to provide a 
sensible level of assurance that the unified transmission web will be guarded. TRM is not notably 
used for the shipment of energy; it is retained as a reliability margin to echo the unpredictability of 
the operation of an electric system. Therefore, an accurate estimation of transmission reliability 
margin (TRM) is required to ensure effective power transfer over the transmission lines during the 
occurrence of uncertainties [3]. The bootstrap technique has been used for estimating TRM for the 
uncertainties of line outages and system parameters [4]. Besides, several approaches to compute 
TRM have been proposed [5,6]. For better transmission systems, one of the crucial points is to gauge 
the transfer capability for multi-transaction in a deregulated power system environment, which is 
known as ATC. ATC is a measure of the transfer capability remaining in the physical transmission 
network for further commercial activity over and above the base case flows. ATC is estimated by 
considering the outages of critical transmission line and critical generator unit and the TRM [7]. For 
the computation of ATC, AC Power Transfer Distribution Factor (ACPTDF) based approach has 
been proposed for multi-transaction cases using power transfer sensitivity and Jacobian calculated 
with three different methods [8,9]. ATC is determined considering PTDFs using AC load flow in 
case of multi transactions and the results have been obtained for single transaction cases; line outages 
are also considered for ATC determination [10], contingency analysis, and in combination with 
economic emission dispatch (CEED) environment [11]. Moreover, MATLAB software is used to 
determine the ATC between any buses in deregulated power systems without violating system 
constraints [12]. Besides, Voltage Distribution Factors (VDF) are used to consider voltage limits for 
ATC calculation [13]. Uncertainty in each transfer capability is known as sensitivity and can be 
computed for a wide range of parameters for DC/AC load flow [14,15]; paper describes a novel 
approach of the application of sensitivity analysis with ATC determination [16]. Security margins to 
voltage collapse blackouts, oscillatory instability, generator limits, voltage constraints, and line 
overloads are considered; the usefulness of computing the sensitivities of these margins concerning 
inter-area transfers, loading parameters, generator dispatch, transmission line parameters, and VAR 
support is established for networks as large as 1500 buses [17]. It illustrates the use of loading 
margin sensitivities for the avoidance of voltage collapse [18]. The whole world is suffering from a 
power crisis [19–23] and the researchers are always trying to develop the easiest way to calculate the 
transmission reliability margin, which will subsequently minimize the power outage [5,6]. 
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Many system models have been described for online computation of voltage collapse sensitivity 
indices [24]. Margin sensitivity is useful in determining the effectiveness of different parameters for 
enhancing system loading margin [25]. The Stochastic response surface method (SRSM) is an 
effective method, which uses statistics and probability distributions concept to estimate TRM 
accurately [26]. All necessary statistics concepts are discussed in detail [27]. The probability of 
failure of a system can be estimated by reliability analysis. So, a logical-and-probabilistic method 
was developed in the MATLAB software package to establish an algorithm for calculating 
reliability [28]. An analytical study was evaluated by intensive simulations using MATLAB by 
MTM (Multi-taper method) to derive mathematical terms of probability density function [29]. The 
probability of failure and reliability index is used for evaluating reliability analysis for steel beam. 
On top of that, the pseudo-random variables which depend on its statistical characteristics are 
generated by Matlab software [30].  

This paper explains the method of TRM calculation by AC load flow obtained from ATC and 
sensitivity with respect to ATC of each parameter for both Normal and Rayleigh distributions. In 
most of the previous work, ATC determination was presented for real power [8,9], but in this paper, 
both real and reactive power have been considered for ATC calculation. Besides, three parameters 
such as load, voltage, and line impedance, are taken into consideration to calculate sensitivity. 
Moreover, previous works calculated sensitivity of transfer capability considering load and voltage 
while this paper determines  the  sensitivity of available transfer-capability for all those three 
parameters which are discussed above. The whole TRM calculation is done for multi-transactions 
considering the standard IEEE 6 bus system [31,32]. Section-2 explains the calculation of ATC from 
AC load flow by using AC Power Transfer Distribution Factors (ACPTDFs) and Q-AC Power 
Transfer Distribution Factors (QACPTDFs). At the same time, these two factors are combined for 
calculating SPTDFs (Apparent power distribution factors); for load and transmission line impedance 
parameters. Later, the results are compared for two distinct Jacobian approaches, and Voltage 
Distribution Factors (VDFs) for voltage level have also been discussed. Subsequently, section-3 
describes the sensitivity of ATC. Section-4 explains TRM calculation for both Normal and Rayleigh 
distributions. In Section-5, the algorithm of the proposed technique is presented. Validation and 
conclusion are given in sections 6 and 7 respectively. 

2. ATC Computation by SPTDF and VDF Method  

2.1. Methodology for ATC determination in case of multi-transactions for load and line impedances 
by SPTDF method 

In any power system network, power must be injected at a point by generator (seller bus) and 
extracted by a load (buyer bus) at another point. This phenomenon is known as a transaction. 
Moreover, an interconnection between two or more countries (bidding zone) or cross border in which 
some valuable service is exchanged for some remuneration is known as commercial transactions. A 
physical connection between various power systems that represent both monitoring and potential 
congestion in the system is known as flow-gates. The PTDFs (Power Transfer Distribution Factors) 
ensure that the commercial transactions between zones (e.g., countries as well as individual nodes) 
do not jeopardize network operation by observing the variation occurring on each flow-gate (e.g., 
borders but also individual branches). Besides, it can be defined as the coefficient of the linear 
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relationship between the amount of transaction and the flow on a line. For AC load flow, this factor is 
known as ACPTDFs; in this paper, ACPTDFs denote for real power and QACPTDFs denote for 
reactive power. This calculation has been performed using the data of Tables 1 and 2. The 
determination of ATC for both load and line impedances are discussed below: 

Full Jacobian approach: 

Step 1: Run the N-R load flow to get updated voltage and angle values. 

Step 2: Calculate the bus admittance matrix ( busY ) using those update voltage and angle magnitudes. 

Step 3: Determine the power flow equation for both real and reactive power between two buses are [8]: 

)sincos(2
ijijiijjiijiij BGVVGVP                       (1) 

)cossin(2
ijijiijjiijiij BGVVBVQ                      (2) 

22
ijijij QPS                                  (3) 

Here, 𝑉  𝑎𝑛𝑑 𝑉  are the bus voltage magnitudes, 𝐺  𝑎𝑛𝑑 𝐵  are the real and imaginary part of 
𝑌  matrix and finally 𝛿  is the voltage angle. 
Step 4: Calculate the Jacobian matrix using new updated voltage and angle magnitudes from the first 
step.  
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Step 5: The sensitivity of real and reactive power flow equation can be written in a matrix form as 
shown below [8]: 
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Now, Q/ACPTDFs for any transaction between a seller (k) and buyer (l) bus, for a transmission 
line between two buses i & j can be represented as [8]: 
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ATC for a transaction is: 
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𝐿𝐿  = maximum power flow limit through a line i-j. 

Decoupled Jacobian based approach: 

Step 1: In N-R load flow new update angle and voltage magnitudes have been obtained from the 
following equation: 
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Other equations remain as before.  
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For line impedances, change the value of line impedances for each transaction and follow the 
above steps. 

Table 1. Bus data. 

Bus No. Bus Type Voltage 

magnitude (p. 

u) 

Real power 

generation 

(MW) 

Real power 

load (MW) 

Reactive power load 

(MVAR) 

1 SB 1.05 0 0 0 

2 PV 1.05 50 0 0 

3 PV 1.07 60 0 0 

4 PQ 1 - 70 70 

5 PQ 1 - 70 70 

6 PQ 1 - 70 70 

Table 2. Branch data. 

Line No. Bus No. 

From-To 

Resistance 

(p.u) 

Reactance 

(p.u) 

Total line charging 

susceptance (p.u) 

Maximum Apparent 

power capacity (MVA)

1 1–2 0.1 0.2 0.04 40 

2 1–4 0.05 0.2 0.04 60 

3 1–5 0.08 0.3 0.06 40 

4 1–6 0.17 0.4 0.06 130 

5 2–3 0.05 0.25 0.06 40 

6 2–4 0.05 0.1 0.02 80 

7 2–5 0.1 0.3 0.04 30 

8 2–6 0.07 0.2 0.05 90 

9 3–4 0.1 0.35 0.05 120 

10 3–5 0.12 0.26 0.05 70 

11 3–6 0.02 0.1 0.02 90 

12 4–5 0.2 0.4 0.08 20 

13 5–6 0.1 0.3 0.06 40 

2.2. Methodology of ATC determination in case of multi-transactions for voltage magnitudes by VDF 
method 

For ATC determination bus, voltage magnitude is considered in this work. 

Step 1: Run N-R load flow to calculate the new voltage magnitude ( klmV , ) for each bus ‘m’ and for 

each transaction (∆kl) between a seller and buyer bus. 

kl

V
VDFs m

klm 


,  [14]                             (26) 
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Here, 0
, mklmm VVV  ; 0

mV =base case voltage magnitude for a bus ‘m’; klmV , = voltage at bus 

‘m’ under a change in a transaction. 
Step 2: Determine ATCV considered voltage level: 
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Here, mVmin  = minimum voltage limit at bus ‘m’.  

This ATC is also done for both full and decoupled Jacobian matrix. 

3. Sensitivity calculation for each parameter 

For any transaction, how the increase of load for any bus affects the transaction is known as 
sensitivity. The sensitivity of transfer capability for some parameters is explained in [14]. In this 
paper, the sensitivity of available transfer capability concerning each parameter has been analyzed. 
To calculate the sensitivity, we need to increase or decrease any parameter magnitudes; in this paper, 
all magnitudes are increased because one of the parameters is the voltage which is very crucial to 
study. The calculated ATC  shown in section 2 is going to be the old ATC and new ATC will be 
obtained after increasing the level, running the load flow, and following each step. Finally, the 
sensitivity of ATC for each parameter can be determined from the following formula: 
For load: an increasing load of 30 MW in a bus the sensitivity of ATC with respect to S (apparent 
power) can be written as [14]:   

)()( oldnewoldnew SS
dS

dATCS
ATCSATCS    (28) 

oldATCS
 
= Base case ATC value before increased load. 

newATCS
 
= ATC value after increased load. 

dS

dATCS

 
= sensitivity w.r.t apparent power. 

For voltage: change of 5% voltage level for a bus with the sensitivity of ATC in respect to V can 
be written as:  

)()( oldnewoldnew VV
dV

dATCV
ATCVATCV                 (29) 

oldATCV
 
= Base case ATC value before increased voltage magnitudes. 

newATCV
 
= ATC value after increased voltage magnitudes. 

dV

dATCV

 
= sensitivity w.r.t voltage. 
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For line impedance: change of line impedance to 10% with the sensitivity of ATC in respect Y 
can be written as: 

)()( oldnewoldnew YY
dY

dATCY
ATCYATCY            (30) 

oldATCY
 
= Base case ATC value before increased line impedances. 

newATCY
 
= ATC value after increased line impedances. 

dY

dATCY

 
= sensitivity w.r.t line impedance. 

In reference [14], the sensitivity formula is done for transfer capability but in this work, it is 
calculated for ATC. 

4. Calculation of TRM for normal and Rayleigh distribution 

System parameters that are generally correlated with reliability are explained by probability 
distributions because all elements of a given category, assemble, structure and operating condition 
will not breakdown after the same managing time but will fail at distinct times in the future. 
Therefore, these time-to-failure adhere to a probability distribution that may or may not be known 
and which illustrates the probability that a given component declines within a certain specified time 
or sustains beyond a certain specified time. If the operating condition changes or components are 
attained from a different environment, the times-to-failure is likely to be changed too because 
probability distributions describe different values of probability of failure within a given specified 
time. 

For this reason, the probability distribution concept is very crucial for reliability evaluation; in 
this work, Normal and Rayleigh's distribution have been used for TRM determination because these 
two distributions are continuous probability distribution for random variables that can correlate with 
AC load flow method. 

4.1. Methodology of TRM determination for normal distribution 

Reliability is a probabilistic calculation; for this reason, to determine the TRM, the normal 
distribution is considered which is also known as bell curve; it is very useful because of the central 
limit theorem.  

We have considered those sensitivity values from Eqs 28, 29, 30 to determine TRM [3]: 

))()(( 2
222

g
dY

dATCY

dV

dATCV

dS

dATCS
UTRM      (31)  

Reference [3], states the TRM formula only for load, where bus voltage magnitudes, as well as 
line impedances, are included. 

Here, 
dS

dATCS

 
= sensitivity w.r.t apparent power. 
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dV

dATCV

 
= sensitivity w.r.t voltage. 

dY

dATCY

 
= sensitivity w.r.t line impedance. 

)(g   = parameter distribution. 

                    = 0.1→ for load  
                    = 0.05→ for voltage 
                    = 0.0029→ for line impedances 

Finally, we have summed-up all these sensitivity values multiplying with a certain number (U) 
which is the tolerance intervals for normal distribution, calculated from z-table with confidence 
(1-α)100% to determine the Transmission Reliability Margin. Here, U = 1.65, 1.96 and 2.57 for 90%, 
95% and 99% probability respectively [3]. 

4.2. Methodology of TRM determination for Rayleigh distribution 

Rayleigh distribution is a chi distribution with two degrees of freedom and it’s a special case of 
Weibull distribution. The expected value or the mean of the Rayleigh distribution for every 

transaction is: i

n

i

x
1 2

 ; 

Here, 𝜎 = parameter distribution,                     
                    = 0.1→ for load  
                    = 0.05→ for voltage 
                    = 0.0029→ for line impedances 

ix  = sensitivities for each parameter, i = 1, 2,..,n.  

After that, the variance and standard deviation are: 
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respectively. 

Finally, the 
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For Rayleigh distribution U is: 2.4 for 90%, 2.72 for 95% and 3.7 for 99%. These values are 
calculated from the chi-square distribution table for two degrees of freedom; besides, Rayleigh 
distribution is a chi distribution. So, we need to square root the value in the table to get the correct 
value of U, which keeps the margin greater than the standard deviation of uncertainty. 

5. Algorithm of the proposed technique 

In this work, the IEEE 6 bus system is used to determine the TRM as shown in Figure 1. The 
system consists of three sellers (generator) buses (buses 1, 2, 3), and three buyers (load) buses (buses 
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4, 5, 6) [31]. The whole process is done for nine multi-transactions which are given below: 
T14: a transaction between seller bus 1 and buyer bus 4. 
T15: a transaction between seller bus 1 and buyer bus 5. 
T16: a transaction between seller bus 1 and buyer bus 6. 
T24: a transaction between seller bus 2 and buyer bus 4. 
T25: a transaction between seller bus 2 and buyer bus 5. 
T26: a transaction between seller bus 2 and buyer bus 6. 
T34: a transaction between seller bus 3 and buyer bus 4. 
T35: a transaction between seller bus 3 and buyer bus 5. 
T36: a transaction between seller bus 3 and buyer bus 6. 

 

Figure 1. IEEE 6 bus system [31]. 

Run N-R load flow

Start

Calculate ATC

Are all transactions 
completed?

Stop

Yes

No

Read bus data (initial Pd, Qd, V, Angles, PV, 
PQ bus); Line data (R, X, P, Q flow limit)

From Ybus and Jacobian matrix

Select transaction, n=1

Calculate ∆Pij, ∆Qij, ACPTDFs, QACPTDFs 
and finally SPTDFs for voltage VDFs

n=n+1

 

Figure 2. Flow chart of ATC Determination by AC load flow. 



712 

AIMS Energy  Volume 8, Issue 4, 701–720. 

Select the transaction, n=1

Start

Use equation (28) for determining 
TRM for Rayleigh Distribution

Are all transactions 
completed?

Stop

Yes

No

Use calculated ATC values 
for each transaction

Calculate sensitivity for each transaction 
by using the sensitivity formula for load, 

voltage and line admittance 

Calculate mean, variance and standard 
deviation for each transaction

Use equation (27) for determining 
TRM for Normal Distribution

n=n+1

 

Figure 3. Flow chart of TRM Determination by AC load flow. 

For making it simple, the algorithm of the proposed system is represented as a flow chart. 
Figure 2 shows the flow chart of the determination of ATC by AC load flow; applying the N-R load 
flow to calculate real and reactive power for each transaction as well as for full and decoupled 
Jacobian approaches. After that, we have determined the ACPTDFs, QACPTDFs, SPTDFs, and 
VDFs to calculate ATC for each case and each transaction. These steps have elaborately been 
discussed in section-2. On the other hand, Figure 3 illustrates the determination of TRM by AC load 
flow in the following processes: Firstly, we have calculated the sensitivity for each parameter (load, 
voltage, and line impedance). Secondly, the standard deviation of these sensitivities for each 
transaction has been identified. It is mentionable here that the standard deviation is needed  in the 
measurement of sensitivity because, through standard deviation, the distribution of data can be 
measured about the mean. Finally, the calculation of TRM from Eqs 31 and 32 for Normal and 
Rayleigh distributions has been done. The whole steps are discussed briefly in section-4.  

Now, the new voltage magnitudes and angles are calculated from N-R load flow and those 
values are later used to calculate ATC by AC load flow method. The final values of ATCs are 
represented in Table 3. According to [14], ATC values decrease with the increases of load values in 
the load bus. The proposed technique also gives the decreased ATC values with the increases of load 
for both load and generator bus, which validate the effectiveness. 
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Table 3. ATC values for the load. 

Jacobian  ATCS for load 

Transactions Base case Increased load for bus 2 Increased load for bus 5

Full T14 939.46 693.8 462.15 

 T15 575.6 481.1 271.56 

T16 412.13 384.7 248.25 

T24 1462 1197.8 676.3 

T25 542.95 504.86 184.62 

T26 1005 849.77 454.67 

T34 452.8 400.53 170.5 

T35 377.1 358.5 152.08 

T36 1133.6 1023 615.5 

Decoupled T14 968.9 768.96 547.8 

 T15 578.2 457.2 275.7 

T16 410.5 392.8 278.6 

T24 1543.8 1312.4 882.04 

T25 549.7 512.4 209.13 

T26 1030.4 859.9 514.05 

T34 455.7 429.8 221.4 

T35 381.61 360.4 160.01 

T36 1141.3 1066.1 757.24 

Tables 3,4,5 present the base ATC values and new ATC values after increasing each parameter 
like load, voltage magnitudes, and line impedances. In this work, the load is increased by 30 MW, 
voltage magnitude is increased by 5% and line impedances are increased by 10%. Table 3 shows that 
after increasing load for both PV and PQ buses, the new ATC values become decreased which 
indicates that disruption occurred. In the same manner, Table 4 depicts that after increasing the bus 
voltage magnitudes for PV and PQ buses, the new ATC values become decreased for the PV bus and 
increased for the PQ bus which means that the disturbance occurred in both cases. Moreover, Table 5 
presents that the new ATC values are decreased after increasing line impedances which also indicates 
the distress.  

Table 4. ATC values for voltage. 

Jacobian  ATCV for voltage 

Transactions Base case Increased voltage for bus 2 Increased voltage for bus 5 

Full T14 94.55 94.4 98.4 

 T15 100.02 99.95 101.7 

 T16 95 94 98 

 T24 94.94 94.83 98.6 

 T25 100.2 100 101.8 

 T26 94.93 94.8 98.65 

Continued on next page
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Jacobian  ATCV for voltage 

Transactions Base case Increased voltage for bus 2 Increased voltage for bus 5 

 T34 57.69 57.5 58.5 

 T35 53.34 53.2 54.3 

 T36 49.95 49.6 50.7 

Decoupled T14 90.97 90.93 96.90 

 T15 97.56 97.5 100.31 

T16 90.9 90.87 96.87 

T24 91.31 91.27 97.07 

T25 97.72 97.67 100.4 

T26 91.25 91.21 97.04 

T34 91.45 91.4 97.14 

T35 97.77 97.73 100.4 

T36 91.391 91.35 97.1 

Table 5. ATC values for line impedances. 

Jacobian Transactions Base ATCY  New ATCY Increased line impedances 

Full T14 132 89.3 

 T15 170.5 115.9 

T16 148 111.8 

T24 265.3 234.6 

T25 299.4 284.2 

T26 272.2 263.3 

T34 273.3 272.5 

T35 301.96 293.6 

T36 399.6 280.5 

Decoupled T14 188.8 124 

 T15 209.13 171.2 

T16 200.1 126.5 

T24 311.1 285.4 

T25 336.23 260.99 

T26 313.6 287.5 

T34 325 311.9 

T35 345.2 270.34 

T36 325.1 304.2 
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Table 6. Sensitivity values for load, voltage, and line impedances. 

Jacobian Matrix/ 

Transactions 

Sensitivity 

for load PV 

bus 2 

Sensitivity for 

load PQ bus 5

Sensitivity for 

voltage PV bus 2

Sensitivity for 

voltage PQ bus 5 

Sensitivity for line 

impedances 

Full J T14 −2.90 −5.60 −0.022 0.58 −0.303 

T15 −1.11 −3.60 −0.01 0.25 −0.389 

T16 −0.32 −1.90 −0.144 0.45 −1.174 

T24 −3.11 −9.30 −0.016 0.55 −0.157 

T25 −0.45 −4.20 −0.029 0.24 −0.083 

T26 −1.83 −6.50 −0.0188 0.56 −0.097 

T34 −0.62 −3.30 −0.027 0.123 −0.0184 

T35 −0.22 −2.70 −0.02 0.145 −0.0962 

T36 −1.30 −6.10 −0.05 0.114 −0.626 

J1 & J4 T14 −2.36 −4.96 −0.006 0.90 −0.4597 

T15 −1.43 −3.60 −0.009 0.42 −0.27 

T16 −0.21 −1.55 −0.004 0.90 −2.39 

T24 −2.73 −7.80 −0.006 0.87 −0.132 

T25 −0.44 −4.01 −0.007 0.41 −0.4089 

T26 −2.00 −6.10 −0.006 0.88 −0.285 

T34 −0.31 −2.76 −0.007 0.86 −0.3011 

T35 −0.25 −2.60 −0.006 0.40 −0.861 

T36 −0.89 −4.53 −0.007 0.87 −0.1098 

Table 6 represents the sensitivity values for load, bus voltage magnitudes, and line impedances. 
These values represent the effect of increased magnitudes for each parameter on ATC, where the sign 
is the indication for understanding whether the ATC values have increased or decreased; negative 
sign indicates the reduction and positive sign indicates the rise. In this table, only the sensitivity 
values for voltage of PQ bus 5 is positive whereas all the others are negative which means if voltage 
magnitude is increased for any load bus, the ATC values are increased because of the Ferranti effect. 
The whole sensitivity values are done for both full and decoupled Jacobian approaches and the 
values are quite close.  

Table 7. TRM values for Normal distribution. 

Jacobian Matrix/Transactions TRM Values 

90% 95% 99% 

Full J T14 1.40 2.75 3.61 

 T15 0.78 0.92 1.21 

 T16 0.37 0.44 0.58 

 T24 2.05 2.43 3.20 

 T25 0.77 0.91 1.19 

 T26 1.38 1.63 2.14 

 T34 0.65 0.77 1.01 

Continued on next page
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Jacobian Matrix/Transactions TRM Values 

90% 95% 99% 

 T35 0.48 0.57 0.75 

 T36 1.22 1.45 1.90 

J1 & J4 T14 1.21 1.44 1.88 

T15 0.83 0.99 1.29 

T16 0.30 0.36 0.47 

T24 1.74 2.07 2.71 

T25 0.74 0.87 1.14 

T26 1.33 1.59 2.08 

T34 0.51 0.61 0.79 

T35 0.47 0.56 0.73 

T36 0.89 1.07 1.39 

Table 8. TRM values for Rayleigh distribution. 

Jacobian Matrix/Transactions TRM Values 

90% 95% 99% 

Full J T14 0.46 0.52 0.71 

T15 0.34 0.39 0.53 

T16 0.24 0.27 0.37 

T24 0.56 0.63 0.86 

T25 0.34 0.39 0.53 

T26 0.09 0.099 0.13 

0.65 0.31 0.35 0.48 

0.48 0.27 0.31 0.42 

1.22 0.43 0.49 0.66 

J1 & J4 T14 0.43 0.49 0.67 

T15 0.36 0.40 0.55 

T16 0.22 0.25 0.34 

T24 0.52 0.58 0.80 

T25 0.34 0.38 0.52 

T26 0.45 0.51 0.70 

T34 0.29 0.32 0.44 

T35 0.27 0.31 0.42 

T36 0.37 0.42 0.58 

Tables 7 and 8 demonstrate the TRM values respectively for both Normal distribution and 
Rayleigh distribution with the characteristics of both full and decoupled Jacobian approaches. 
Here, the TRM values get increased for each transaction with the rise of the probabilities of 
uncertainties (90%, 95%, and 99%) which means if any disturbance occurs in the system, the margin 
must be set up in such a manner that the whole network will act securely. Even though these 
distributions are continuous, the values of TRM are slightly different. For example, in Rayleigh 
distribution, all values are less than one. On the other hand, in Normal distribution, some values are 
greater than one and some are less than one. This discrimination happens because the values of the 
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Rayleigh probability density function for distinct standard deviation values are greater than the 
Normal probability density function. Here, the probability density function defines probability 
distribution. So, greater PDF values require fewer TRM values to secure the system. Besides, as 
reliability is a probabilistic calculation, three distinct probabilities of uncertainties (90%, 95%, and 99%) 
are considered  in this work. From the table, we can deduce that whenever the probability of 
uncertainty is increased, the margin increases too [28] for both Normal and Rayleigh distributions.  

6. Validation 

TRM results obtained from the proposed technique are compared with the results of [3] and [26] 
which are quite close. Besides, in previous work only Normal distribution was applied but, in this 
work, both Normal and Rayleigh distributions are applied. Figures 4 and 5 present the TRM values 
for 90%, 95%, and 99% probability of uncertainty which state that lifting-up in the probability of 
failure also lifts-up the TRM which proves system reliability. The crucial point here is to focus on the 
variation of each TRM value with the variation of the probability of uncertainty even though there is 
little difference in the values of the proposed technique and the TRM formula as well as Monte Carlo, 
all values are rising with the increase in the probability of uncertainty. 

 

Figure 4. Validation of TRM values for normal distribution. 
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Figure 5. Validation of TRM values for rayleigh distribution. 

7. Conclusions 

In any power system network, secured functioning is very crucial, because when the 
disturbances occur, it must make sure that, under a reasonable range of uncertainty the system works 
confidently. As a consequence, the estimation of the Transmission Reliability Margin needs to be 
done properly. Most of the calculation of Available Transfer Capability involves a determination of 
TRM but in the proposed technique, TRM is incorporated with ATC and sensitivity of the system 
parameters. The research finds that the proposed technique can satisfactorily calculate the secure 
margin considering the uncertain system parameters when available power is transferred. The 
proposed technique also calculates the reliability margin by incorporating the key parameters such as 
load, voltage magnitudes, and line impedances that are correlated with the ATC and sensitivity. 
Moreover, ATC is calculated by AC load flow considering both real and reactive power. The 
validation of the technique in comparison with different other approaches clearly shows that the 
results obtained using the proposed technique are close to the published ones. The whole process is 
accomplished through MATLAB software for an existing standard IEEE 6 bus system. The 
validation is also done with a standard IEEE bus system. 
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