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ABSTRACT 

Due to the complex architecture of residential power grid 

in China Southern Power Grid (CSG), the low voltage grid 

data including the relationship among transformers, 

power lines and residential users are complicated, which 

results in the time-consuming fault location and unprecise 

power outage range perception. This paper focuses on 

proposing a systematic data collection, integration and 

processing solution to achieve efficient power outage 

perception and recovery processing, thus improving the 

satisfactory degree of residential users. Specific methods 

to modify current monitoring and control device are 

proposed, based on which systematic data collection 

mechanisms and functions are developed to achieve 

integrated application and demonstration. Practical 

implementations are also conducted, which verifies the 

effectiveness of the proposed solution. 

INTRODUCTION 

In many power supply areas of China Southern Power Grid 
(CSG), the architecture of low voltage grid supplying 
electricity for huge number of residential users is complex. 
This would result in complicated grid data regarding the 
relationship among transformers, power lines and 
residential users, which requires efficient and precise 
update and maintenance[1]. 
Currently, when power outage of the residential user 
occurs, the operation and maintenance personnel of our 
regional power grid usually could not locate the fault 
quickly and the customer service personnel could not 
obtain the real-time information of fault range as well as 
recovery progress[2]. The reasons mainly include: 
1) Unstandardized transfer management: Our 

conventional operation management in low voltage 
does not require online data transfer from 
construction to operation. This would cause the 
inconsistency between the system topology and the 
actual data[3]. 

2) Blind monitor and control of branches: Our current 
metering automation system could only monitor the 
voltage and current of the low voltage main switch 
and end smart meters, while the information of low 
voltage topology as well as real-time operating status 
of shunt and branch switches are not available. 

3) Insufficient integration between systems: The 
information of equipment and topology in the 
property management system usually conflicts with 
those in metering automation system due to the 
frequent equipment modification and replacement 
without efficient data synchronization mechanism. 

Therefore, this paper focuses on proposing a systematic 

data collection, integration and processing solution, 
covering the 10kV distribution transformers, 380V lines & 
switches as well as smart meters, to achieve efficient 
power outage perception and recovery processing and 
improve the satisfactory degree of residential users[4].  
The remainder of this paper is organized as follows: 
Section II spells out the system architecture of the 
proposed solution. Section III presents the design and 
functions of developed smart monitoring and control 
device. Details of data integration and function 
development are given in Section IV. Section V presents 
the practical implementation data and Section VI 
concludes the paper. 

SYSTEM ARCHITECTURE 

The proposed systematic data collection, integration and 

processing solution is illustrated as in Fig. 1. As can be 

observed, the solution aims at achieving: 

 

Fig. 1 System Architecture 

1) Unified data collection and monitoring: this function 

is based on the developed smart low voltage 

monitoring and control devices, which could provide 

cost-efficient monitor on distribution transformers 

and branches. 

2) Integrated data processing and demonstration: this 

function is based on the cloud architecture-based data 

aggregation, processing and demonstration among 

systems including distribution automation, metering 

automation as well as geographical information. 

To be specific, the function units of the proposed solution 

mainly performs the following actions: 

1) Smart meter: power outage notification. 

2) Meter box: utilized together with smart meters and 

mobile APPs to provide geographical location. 

3) Branch switch: installed with voltage sensors. Power 

usage data collection as well as power outage 

notification. 

4) Low voltage shunt switch ： installed with smart 

monitoring and control devices. status data collection 

including voltage, current, temperature, power 

outage notification and power control. 

5) District switch: status data collection including 

voltage, current, temperature, power outage 

notification and power control. 
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6) Smart Monitoring and Control Device: monitors the 

real-time three-phase voltage, current as well as load 

balance rate of transformer switches, self-identifies 

the relationship between transformers and residential 

users, direct voltage data collection and transmission 

of key users. 

Smart Monitoring and Control Device 

This paper develops a smart monitoring and control device 

for low voltage power grid to integrate the end terminals 

of both marketing services and operating & maintenance 

services. The device is installed beside the low voltage 

transformers and performs various functions to achieve the 

observability, measurability and controllability of power 

supply areas in residential grid[5]. 

The device is designed based on existing TTU/LTU and its 

architecture is illustrated as in Fig. 2. 

 

Fig. 2 Smart Monitoring and Control Device architecture 

The essential idea behind the smart monitoring and control 

device is: 

1) Unified data collection and processing: the smart 

monitoring and control device integrates the 

characteristics of concentrator, line terminal unit 

(LTU) and distribution Transformer supervisory 

Terminal Unit (TTU), and acts as the data 

aggregation and edge computing center for intelligent 

power distribution area (per transformer). It unifies 

the collection mechanism of metering data of 

concentrator, operation data of TTU and LTU, and 

the status data of low voltage switchgears. 

2) Multiple applications: the smart monitoring and 

control device could interconnect with compensation 

equipment for unbalanced three phase load and 

automatic compensators for low voltage reactive 

power to perform local data processing. Meanwhile, 

it could deliver the collected and processed data 

simultaneously to both distribution automation 

system and metering automation system. 

3) Centralized control: the functions of the smart 

monitoring and control device are implemented in the 

dispatching control systems. 

4) Integrated operation and maintenance: the smart 

monitoring and control device is developed to be 

cost-efficient, high reliable and maintenance-free. It 

should be capable of plug and play, and supports 

remote control. To reduce the communication and 

coordination work among different departments, the 

smart monitoring and control device will be operated 

only by local operation and maintenance personnel. 

 

Fig. 3 The connection diagram of Smart Monitoring and 

Control Device 

The developed smart monitoring and control device is as 

shown in Fig. 4. 

 

Fig. 4 Appearance of smart monitoring and control device 

Essentially, the functions of the developed device could be 

explained from two perspectives, i.e., marketing services 

and operating & maintenance services: 

Regarding the marketing services, the developed device 

monitors the real-time three-phase voltage, current as well 

as load balance rate of transformer switches, thus self-

identifying the relationship between transformers and 

residential users, direct voltage data collection and 

transmission of key users.  

Regarding the operating & maintenance services, the 

developed device provides the functions of telemetering, 

remote signaling and remote control for shunt and branch 

switches as well as the huge amount of sensors and 

actuators. 

Data Integration and Function Development 

This section proposes a mechanism to integrate the data 

collected by the developed device with the conventional 

power distribution automation system as well as the 

metering automation system to manage the power 

distribution and metering information. A customized 

mobile APP is also developed to record detailed 

information of load change, establishing a standard work 
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flow for low voltage power grid[6]. 

Meanwhile, the real-time topology of low voltage power 

lines as well as the data collected by the developed devices 

are integrated with geographic information system (GIS), 

thus achieving the real-time demonstration of information 

of residential topology, low voltage and three-phase 

imbalance monitoring, power outage range, fault location, 

etc., as well as facilitating the power recovery process. 

The overall flow of data integration and function 

development is shown in Fig. 5. 

 

Fig.5 Illustration of the flow of data collection and developed 

function 

On one hand, hierarchical architecture is employed to 

obtain user load data and deploy smart monitor and control 

functions. Districts are categorized into several different 

areas, which differ in user load, satisfactory degree and 

requirements in reliability and quality of power supply, etc. 

Considering these different characteristics, differential 

functions and data would be utilized. 

Four typical scenario configurations are proposed for 

equipment modification and function development, which 

are basic configuration, standard configuration, extra 

configuration and top configuration. These four different 

configurations would generate their specific requirements 

concerning equipment modification and function 

development. 

Regarding the basic scenario function, the equipment 

modification would only achieve telemetering and remote 

signalling at the main switchgear and shunt switchgear. 

Operating data acquisition functions would only be 

developed to achieve identification of user and transformer 

relationship, load monitoring and outage perception. 

Power quality monitoring functions would only be 

developed to achieve end voltage monitor and early 

warning for unbalanced three phase loads. No residential 

load management functions would be developed. 

Regarding the standard scenario function, the equipment 

modification would achieve telemetering and remote 

signalling at the main switchgears, shunt switchgears as 

well as branch switchgears. Furthermore, remote control 

function would be developed at the main switchgear. 

Operating data acquisition functions and power quality 

monitoring functions would be the same with the basic 

scenario functions. No residential load management 

functions would be developed, either. 

Regarding the extra scenario function, the equipment 

modification would achieve telemetering and remote 

signalling at the main switchgears, shunt switchgears as 

well as branch switchgears. Furthermore, remote control 

function would be developed at both the main switchgear 

and shunt switchgears. Operating data acquisition 

functions would be developed to achieve identification of 

user and transformer relationship, load topology 

identification, load monitoring and outage perception. 

Power quality monitoring functions would only be 

developed to achieve end voltage monitor and early 

warning for unbalanced three phase loads. Residential load 

management functions would be developed to achieve user 

energy access and orderly electricity consumption. 

Regarding the top scenario function, the equipment 

modification would achieve telemetering, remote 

signalling and remote control at the main switchgears, 

shunt switchgears as well as branch switchgears. 

Furthermore, telemetering and remote signalling function 

would be developed at the metering boxes. Operating data 

acquisition functions would be developed to achieve 

identification of user and transformer relationship, load 

topology identification, load monitoring, outage 

perception and automatic fault isolation. Power quality 

monitoring functions would only be developed to achieve 

end voltage monitor, early warning for unbalanced three 

phase loads and harmonic control. Residential load 

management functions would be developed to achieve user 

energy access and orderly electricity consumption. 

The function details of the four aforementioned scenarios 

are provided in Table. I and Table. II. 

Table. I On-site Equipment Renovation Configuration 

 

Table. II Functional Requirements Configuration 

 
On the other hand, the real-time topology of low voltage 

lines would be demonstrated in GIS, integrating the data 

collected at various distribution terminals as well as sensor 

nodes. Then, the available information would form a 

unified platform for providing functions including 

residential topology identification, low voltage and three 

phase unbalanced load monitor, outage range estimation, 

fault location, real-time status monitor of emergency and 

power recovery, etc., to support the active responses of 

custom services. 

To be specific, the low voltage power outage alarm would 
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be required to achieve two “five minutes” in case of power 

outage. 

In the first “five minutes”, the metering automation system 

collects the events of branch power outage as well as the 

metering box power outage through the developed smart 

monitoring and control device, and forwards the 

information immediately to the dispatching system. 

In the second “five minutes”, the dispatching system 

would match the received information with the 

transformer and substation events in the distribution 

automation system to determine the fault location and 

pertinent equipment, whose detailed information would be 

then delivered to GIS, where real-time and precise 

information of power outage user and power recovery user 

would be demonstrated. 

Thus, when residential user dials the power emergency 

number 95598, the custom service staff would be able to 

launch rapid response regarding power recovery work 

sheet distributions by determining the fault location in GIS. 

The emergency personnel would also be able to send real-

time feedbacks to the custom service staff through the 

developed mobile APP. An illustration of this workflow is 

given in Fig. 6. 

 

Fig. 6 Power outage information transfer workflow 

Meanwhile, the real-time topology would facilitate the 

load adjustment of the low residential power grid. This is 

due to the fact that in power grid of CSG, low voltage line 

topologies are frequently modified according to the 

municipal constructions, which means that the users of 

several power supply lines would be transferred from one 

transformer to another one. The function of identification 

of residential user and transformer relationship could be 

achieved by utilizing the developed smart monitoring and 

control device and the metering automation system, whose 

workflow could be listed as: 

Firstly, the smart meters transmit its data through power 

line communication techniques to the developed smart 

monitor and control device. Then, the device forwards the 

information to the metering automation system. Since the 

signals transmitted through power line, the communication 

topology totally matches with the low voltage power line 

topology. 

Furthermore, when the power supply line locates too close 

to or far away from transformers, the voltage of the 

residential user would be too high or too low. The smart 

monitoring and control device would collect the power 

voltage data of smart meters at the intervals of 15 minutes, 

thus achieving periodic monitor of power quality. 

Similarly, when the three phase loads of residential users 

belonging to one transformer are unbalanced, the 

developed device would collect the A-phase, B-phase, C-

phase current at the intervals of 15 minutes and calculate 

the unbalanced rate to achieve its real-time monitor. 

Therefore, the customer service staff could grab the overall 

information including power outage range, affected 

residential area, grid design and construction progress, 

load level of transformers, three phase unbalanced rate, 

power quality, etc., thus achieving the situation awareness, 

operation dispatching, emergency recovery and active 

customer service of low voltage grid. 

IMPLEMENTATION 

The aforementioned smart monitoring and control device 

as well as the data integration and function development 

are implemented in Guangzhou Power Supply Company 

of CSG. 

Regarding the operating & maintenance services, more 

than 300 substations working at 110kV and above have 

been accessed with nearly 20000 distribution automation 

terminals, achieving real-time monitoring of 1439677 

telemetering parameters and 626228 remote signaling 

parameters. Meanwhile, four steps have been utilized to 

achieve zero-latency transmission of switchgear status 

data, which are rapid response based on the dispatching 

system, active recovery based on automatic fault 

information delivery, leveraging recovery efficiency based 

on the integration of power outage events, worksheets and 

recovery information, early notification of planned and 

fault information to residential users. 

 

Fig. 7 Data integration and function development illustration 

Regarding the customer services, the implemented device 

and function have achieved situation awareness and 

efficient power outage perception and recovery processing. 
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For customer service, it facilitated the range of services 

based on better knowledge of grid operating and power 

usage characteristics. For distribution network operation, 

it leverages the monitoring and control abilities, enhances 

the active service, improves the ability of equipment 

repairment and fault diagnosis. For dispatching mode, it 

achieves the unified demonstration of overall information 

in a single system (GIS) and facilitates the orderly 

electricity consumption. For grid planning mode, it 

provides essential information of precise equipment load 

analysis and desirable direction of grid investment. 

As can be seen in Fig. 7, the grid planning, construction, 

operation, recovery processing and customer service are 

all integrated in one architecture, covering all levels of 

voltage and various services and data. 

CONCLUSION 

In sum, this paper proposes an efficient power outage 

perception and recovery processing solution for low 

voltage power grid through developing a smart monitoring 

and control device as well as a systematic data collection, 

integration and processing mechanism. A smart 

monitoring and control device is modified and developed 

to achieve unified data collection and processing, support 

of multiple applications, centralized control and integrated 

operation and maintenance. A systematic data integration 

and function development is deployed to integrate the real-

time topology of low voltage power lines as well as the 

data collected by the developed devices with GIS, thus 

achieving the real-time demonstration of information of 

residential topology, low voltage and three-phase 

imbalance monitoring, power outage range, fault location, 

etc., as well as facilitating the power recovery process. The 

proposed solution could leverage the operating efficiency 

of low voltage power distribution equipment and achieve 

the power distribution network, thus improving the 

satisfaction degree of residential users. 
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