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ABSTRACT: Based on the demands of distribution systems
and the development trends of digital technology, the
digitalized active distribution system (D-ADS) was analyzed.
The development status of digitalized distribution system was
briefly summarized. On this basis, the definition and main
characteristics of the D-ADS were refined preliminarily, and
the conceptual model of the D-ADS was formalized by
applying the model based system engineering. Then, technical
applications of the D-ADS were explored by taking two
examples from two perspectives including digitalized
distribution equipment and digitalized distribution system.
Besides, technical challenges and relevant development
suggestions of the D-ADS were put forward. The
characteristics of the D-ADS were concluded.
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Fig. 1 Sketch of technology evolution of
distribution systems
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Fig. 2 Sketch of digital systems in distribution network
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Fig. 4 Architecture of distribution equipment condition diagnosis and maintenance
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With the vigorous development of digital
technologies such as big data, cloud computing and
artificial intelligence, the power industry has promoted
the digital transformation into a strategic measure,
aiming at coordinating different power elements,
mobilizing massive energy resources, innovating system
operation modes and creating benefit values through
digital technology, so as to realize a new development
pattern of Energy Internet with comprehensive mastery
of power equipment condition, intelligent control of
system operation and overall improvement of service
quality and efficiency. Therefore, digitalized active
distribution systems (D-ADSs) have become the focus of
research in academic and industrial circles.

In fact, digital technology is not a new proposition
in the field of power distribution, but a comprehensive
and cross technical field developing with the evolution
of power distribution technology. Its connotation and
extension are expanding, and has new characteristics and
requirements under the current context of building a
new-type power system with renewable energies as the
main body. Because D-ADSs cover many links of
distribution systems operation and service, experts in
different research fields inevitably have different
understandings, and the systematic research on D-ADSs
is still in the preliminary stage. How is digitization
related to informatization and intelligence, what is the
relationship between big data, digital twins and D-ADSs,
how to describe the characteristics and formal model of
D-ADSs, and what are the differences between the
operation mode of D-ADSs and the traditional
distribution systems? These problems are the key to the
research of D-ADSs and need to be studied. Following
the above considerations, this study focuses on the
analysis and prospect of D-ADSs so as to promote
exchanges in different research fields.

First, the development status of digitalized
distribution systems is briefly summarized, with the
sketch of technology evolution of distribution systems
given in Fig. 1. The main characteristics of the D-ADS
are refined preliminarily as follows, following the power
systems’ information security standards and unified data
models, establishing a virtual twin system matching the
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Fig.1 Sketch of technology evolution of distribution systems

distribution physical system, constructing an advanced
digital system based on "knowledge (experience), data,
model, algorithm, computing power, software
definition and communication infrastructure™, connecting
the operation links and flexible resources from source-
network-load-storage sides, coordinating perception,
analysis and decision-making, forming a hierarchical and
divisional digital architecture and decision-making
system, so as to realize the digitization of power
distribution equipment, system and business flow.

The conceptual model of the D-ADSs is formalized
by applying the model based system engineering.

Second, technical applications of the D-ADSs are
explored by taking two examples from perspectives of
digitalized distribution equipment and system, i.e.,
digitalized distribution equipment condition evaluation
and maintenance, as well as digitalized distribution
system diagnosis and planning.

Then, some technical challenges and development
suggestions of the D-ADSs are put forward. It is
suggested to carry out cross-industry methodology
integration and cross-field technological innovation in
the process of digital practices, actively explore different
digital technologies, scientifically verify effective data
management modes, and promote the development and
maturity of new ideas and technologies. Promisingly,
D-ADSs will connect a wider range of green energy
markets and customers, achieve incremental marginal
energy benefits, boost industrial upgrading and system
architecture reform, drive energy and power technology
innovation and give birth to new business opportunities.



