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A Distributed Calculation of Global Shift Factor
Considering Information Privacy
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Abstract—As an important sensitivity study, the global shift
factor calculation of the interconnected power systems is facing
challenges due to the distributed management structure of the
system and the information privacy between systems. This letter
proposes a distributed calculation platform to obtain a global shift
factor while protecting information privacy of individuals.
Index Terms—Distributed optimization, multi-area power sys-

tems, shift factor.

I. INTRODUCTION

T HE global power system is becoming distributed and inte-
grated in order to efficiently and economically cooperate

mixed energy resources in a large territory. Traditionally, an indi-
vidual system does its studies using an equivalent (reduced) ex-
ternal network for its boundary [1]. However, such strategy as-
sumes that there are no changes in external network during the
studies, whichmay be not accurate and realistic in a spatially and
temporallyvaryingenvironment.Thus,astudyonapowersystem
covering multiple areas is needed to reflect true interactions be-
tween systems. As an important sensitivity study in multi-area
power system operation, a global shift factors (SF) calculation
canbe conductedusing twoways: 1)Each regional power system
can individually implement such SF calculation if it can obtain
the network information (network topology and line parame-
ters) from its neighboring systems after signing a non-disclosure
agreementwith them; and 2)A third party is assigned to provide a
centralizedSFsolutionfor theentiremulti-areapowersystems.
However, either way of above global SF calculations requests

the regional power system to share its network information
with outside entities, which is actually creating the possibility
of data abuse and consequently increasing the possibility of
attacks: cyber and physical. Therefore, how to obtain a global
SF without sacrificing the data privacy of each regional power
system is a critical issue in the advanced power system operation
architecture, such as a multi-area decentralized operation and/or
market-to-market operation. This letter presents a distributed
calculation platform to obtain a global SF of the interconnected
power systems, while protecting information privacy of individ-
uals. In addition, the proposed distributed calculation platform
can timely response to a change in the network topology of the
system(including lineoutages andeven islanding).

II. A DISTRIBUTED APPROACH TO GLOBAL SHIFT FACTOR
For the sake of simplification, a two-area power system is

used to introduce the proposed distributed approach. The same
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Fig. 1. Illustration of a two-area power system.

Fig. 2. Decoupled Area A and Area B.

idea can be easily extended to a multi-area application. Fig. 1 il-
lustrates two systems that are interconnected together through a
tie line (could be a group of tie lines ). The sending
bus of the tie line belongs to the area of system 1 (Area A) and
the receiving bus of the tie line is within the area of system 2
(Area B). And, an overlapping area between two areas is defined
as a boundary area which includes the tie line and its end-side
buses and .
As a SF shows how the flow in a line will change if the in-

jection at a bus changes by one unit, the well-known DC power
flow equations: nodal power balance (1a) and line flow (1b), are
used to determine such incremental change in the line flow.

(1)

where is the bus to branch incidence matrix, is the line
flow vector, represents a one-unit power injection at a se-
lected bus (assuming one-unit power withdrawal occurs at the
reference bus), is the line reactance matrix, and is the bus
voltage phase angle vector. To explain the proposed distributed
approach clearly, we redraw Fig. 1 as Fig. 2, and replace the
(1) by its equivalent (2)–(6) using submatrices and subvectors
which belong to three separate areas: Area A, Area B, and their
boundary area (indicated by symbols , , and , respec-
tively).

(2)

(3)

(4)

(5)

(6)

where is the Area A(B)-bus to Area A(B)-branch
incidence matrix; is the Area A(B)-bus to
Boundary-branch incidence matrix; is the
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Boundary-bus to Boundary-branch incidence matrix for Area
A(B); is the line reactance matrix for Area A(B);

is the tie line reactance matrix; is the line
flow vector in Area A(B); is the bus voltage phase
angle vector in Area A(B). The variables and are duplica-
tions of the voltage phase angles and at boundary buses,
respectively. The tie line flow are determined
by the bus voltage phase angles and ( and ). The (2),
(3) and (4), (5) are associated with Areas A and B, respectively.
The (6) guarantees the boundary variables of both Areas should
have the same value in the model. Note that the (2), (3) and
(4), (5) are separate in nature and the coupling constraint is
(6). Here, augmented Lagrangian method is adopted to relax
the coupling constraint. As a result, the Lagrangian relaxation
function of the entire problem is

(8)

where and are the penalty multipliers associated with first-
order and second-order terms, respectively. However, the opti-
mization problem (8) cannot be decomposed into subproblems
due to the coupling terms introduced by the second order penalty
function (production terms: and ). Using auxiliary
problem principle (APP) method [2], the (8) is replaced by its
decomposable auxiliary problem (9),

(9)

By associating decoupled objective functions with their corre-
sponding constraints (2)–(5), two individual optimization prob-
lems are obtained as follows, one for Area A (10) and the other
for Area B (11):

(10)

subject to constraints (2) and (3).

(11)

subject to constraints (4) and (5).
The Lagrangian multipliers in the objective functions (10)

and (11) are updated during the iterative solution process using
(12).

(12)

where the coefficients are set to be equal or larger than one.
At the iteration , Area A will receive the data and

Fig. 3. Voltage phase angle mismatches at boundary buses over iterations.

from Area B. Meanwhile, Area B will get the data and
from Area A. Such iteration continues until the voltage

phase angle mismatches at the boundary buses get converged
( and ).

III. CASE STUDIES
The IEEE 14-bus testing system [3] consists of two systems

with the tie lines 4–7, 4–9 and 5–6. The reference bus is bus
1 in Area 1. The initial penalty multipliers are , ;
the coefficient ; and the convergence threshold of phase
angle is 1.0e-5 radians (or 5.73e-4 degrees). The following two
cases are studied to calculate the shift factor of the tie line 4–7
with respect to bus 3 in Area 1, :
Case 1) The system 1 in Area 1 triggers this calculation and

collaborates with its neighboring system 2 in Area
2. A converged result is obtained after 14 itera-
tions. Fig. 3 shows the convergence performance of
the voltage phase angle mismatches at the boundary
buses 4–7 and 9. Accordingly, ,
which is the same as the SF value obtained by a tra-
ditional centralized calculation.

Case 2) This case tests the dynamic performance of the pro-
posed distributed approach in response to a network
topology change in Area 2 (line 13–14 outage). A
converged result is obtained after 17 iterations, and
the shift factor of tie line 4–7 with respect to bus 3 is
updated to which is the same
as a centralized one.

IV. CONCLUSION
This letter presented a distributed calculation platform to ob-

tain a global SF of the interconnected power systems by sharing
the boundary information/data among systems, while respecting
information privacy of individuals. The case studies demon-
strated the convergence performance and accuracy of the pro-
posed approach in both normal and contingency situations. The
study provided a sensitivity analysis to a collaborative operation
of the interconnected power systems, which could enhance the
global power system security and economic.
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