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ABSTRACT 

The low-voltage remote meter reading of the power line 

communication method has a great advantage in that the 

service can be performed by using the power line already 

installed without additional communication network such 

as CATV coaxial cable or optical communication. 

Therefore, the power line communication method can be 

serviced without installation of a new communication 

network, and it can be serviced even in areas where other 

communication networks are difficult to install. However, 

this method is difficult to service due to technical and 

commercial problems in a case where power line noise is 

large or where consumers are scattered. Therefore, a plan 

for services in this environment is needed. As a solution to 

this problem, a system that can use both wired and wireless 

communication methods has been suggested. In this paper, 

we have studied a method to distribute data by using wired 

and wireless communication in order to maximize the 

performance of convergence system. Through this, we 

propose an optimal method to design and operate a 

reasonable system with stability and reliability to prevent 

omission of meter reading data due to frequent system 

failure. 

1. INTRODUCTION 

Remote meter reading using power line communication is 

difficult due to technical and commercial problems in 

areas where power line noise is large or where consumers 

are scattered.[1] We have developed a system that can use 

both wire and wireless communication methods solving 

these problems and are in the field demonstration stage. 

However, the convergence system that is currently 

operating is not a method of simultaneously using wired 

and wireless communication when transmitting data to a 

single modem. This is a method of using wired 

communication as a basis and applying wireless 

communication to an area where wired communication is 

impossible. This means that two data concentration unit 

(referred to as "DCU") operate in a single enclosure. This 

reduces the merit of the convergence system to minimize 

the situation in which data transmission is impossible even 

if an error occurs in one communication medium. This is a 

factor that lowers the usability of the system and is not 

what we want. Therefore, we have studied a method to 

distribute data by using wired / wireless communication so 

as to maximize the merits of the convergence system and 

secure the stable operation of the system and the reliability 

of the data. 
 

2. MAIN SUBJECT 

2.1 System configuration 

To be used for the first order headings. The low pressure 

remote meter reading system consists of user modem, 

DCU and upper management server, as shown in Figure 1. 

The DCU periodically acquires meter data through a 

modem and transmits it to the server.[2] 

 

 

Figure 1. Low pressure remote meter reading system 

configuration diagram 

 

The convergence DCU consists of a main processing unit 

(referred to as "MCU”), which is a slot-type main board, 

and a unit for wired and wireless communication. 

Currently, the DCU operating in the field supports only the 

power line communication method. However, since the 

convergence DCU supports various types of wired and 

wireless communication methods, it is possible to select 

and apply an appropriate method according to 

geographical or environmental conditions. In addition, the 

convergence DCU is designed to be easy to install and 

maintain because it is a removable module type as shown 

in Figure 2.[3] 
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Figure 2. Wired and wireless convergence DCU 

 

2.2 System overview 

The low pressure remote meter reading is related to the 

customer who installed the meter because it is a system 

that automatically obtains the electricity used and 

transmits it to the upper server. DCUs and modems are 

installed along the distribution power network. The DCU 

is installed in the poles of the distribution power network 

and collects the customer power data of the adjacent areas. 

The customer has a mode to communicate with the DCU. 

Since the customer's meter for remote meter reading is 

located in the distribution, the power line communication 

(referred to as “PLC”) is used as the communication 

method for automatic meter reading (referred to as 

“AMR”). PLCs are useful in densely populated areas, but 

are not useful when customers are dispersed or when noise 

is high. Therefore, various methods have been suggested 

to solve these drawbacks and perform stable meter reading. 

For example, a modem in a weak signal location has a way 

of communicating with the DCU over an adjacent modem, 

such as routing. However, this method has little effect 

when the underground section is included in the 

distribution section. Therefore, we proposed convergence 

communication method to solve the disadvantages of 

existing DCU, and developed a system capable of wired 

and wireless communication (referred to as "A-DCU") and 

are conducting field demonstration. The feature of this 

method is that stable communication is possible by 

installing wireless in underground section where power 

line communication is difficult. Since A-DCU supports 

both wired and wireless communication, it is possible to 

acquire data even in areas where wired communication is 

impossible. For example, suppose that area A is collecting 

data over wired communications and area B is over 

wireless communication. If there is a problem in the 

wireless communication unit of the A-DCU in the B region 

at a specific point in time, the B region can’t acquire the 

meter reading data. This is not the result we want, and we 

hope to be able to obtain data reliably even if there is a 

problem with the wireless communication unit in area B. 

We have proposed a load balancing algorithm to solve this 

problem and applied it to A-DCU. 

 

2.3 AMR data 

AMR data are mainly network management system 

(referred to as “NMS”) data indicating the status of the 

system (DCU, modem, meter, and network status and etc.) 

and meter reading data indicating the amount of power and 

main items are shown in Table 1.[4] 

 

Table 1. Items by data type 

Data Type Items 

System Status 

Data 

DCU, unit, modem status / CPU, 

memory utilization / FW upgrade status / 

modem registration status / modem 

control and etc. 

Power data 

Current meter reading / LP / regular 

meter reading / blackout / maximum load 

current / maximum demand and etc. 

 

2.3.1 System status data 

The system status monitoring data includes the system 

status for the meter, the modem, and the DCU, the network 

status of each section, and the system control commands. 

The operator periodically checks the state of the remote 

system or network with the NMS data collected and takes 

necessary action when an error occurs. For example, if a 

particular modem fails, you can replace the modem or send 

a remote reset command to initialize the modem with a 

confirmation of the NMS data. The NMS agent 

periodically collects data using the SNMP protocol, and 

the collected data is stored in a repository called a MIB. 

 

2.3.2 Meter reading data 

The meter reading data is power data generated 

periodically by the meter and is the data that the AMR 

ultimately desires to obtain. Through the collection of 

power data, we charge fees for power usage by remote 

customers and lead to reductions in excessive energy use. 

In addition, blackout can be prevented through demand 

response and a long-term plan for future energy demand 

can be established. The DCU requests the meter reading 

data from the customer's meter with the DLMS protocol 

and the meter sends the power data in response. 

 

2.4 System implementation 

2.4.1 NMS agent 

The NMS agent is a system program that runs on the DCU. 

It registers the hybrid modem, inquires status, and 

configures the environment. It is based on the SNMP 

standard protocol. The NMS agent obtains or stores the 

information of the hybrid modem from the DB through the 

API of VxWorks middleware, and shares data necessary 

for the communication of other agents such as meter 

reading, FEP and energy management unit (referred to as 

“EMU”). It communicates modem state information or 

controls modem by communicating with NMS FEP server 
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and emulator program for PC. Figure 3 shows the data flow 

between the NMS agent and the communication unit. 

 

 
Figure 3. Data flow of NMS agent between DCU and 

unit 

 

In this paper, we propose a new private MIB for the 

implementation of the convergence DCU NMS agent.  The 

new MIB consists of four categories, DCU, unit, modem 

and system diagnostics, to support both wired and wireless 

communication methods and to guarantee remote support 

function. 

 

2.4.2 Signal threshold 

Hybrid communication method uses the change of the 

modem signal bit per symbol (referred to as “BPS”) value 

to switch between wired and wireless communication 

method. We perform the change of communication 

method by comparing the signal BPS at a certain point 

with the threshold BPS. Here, the threshold BPS is the 

minimum signal value that can be communicated by the 

empirically set value. We use the following procedure and 

algorithm to obtain the modem BPS at a certain point in 

time. Unit and modem send and receive BPS information 

when sending and receiving data. The unit periodically 

updates this information to the MIB and the DCU NMS 

agent uses this information to harmonic average the 

upstream and downstream signal BPS. An example of the 

calculation of this value is shown in Figure 4. 

 

 
Figure 4. Signal BPS calculation example 

 

The calculated value is the signal BPS between the unit 

and the modem at a specific point in time. The NMS agent 

compares this value with the threshold BPS and then 

performs the operation of changing the communication 

method when the value falls below this value. 

 

2.4.3 Data distribution technique 

We introduced a data distribution scheme to a hybrid 

modem and implemented it. A hybrid modem is a system 

that distributes data by distinguishing the types of data. For 

example, among low-voltage remote meter reading data, 

meter reading data can be transmitted by wired 

communication and SNMP data can be transmitted by 

wireless communication at the same time. When all the 

data is transmitted in one communication method, if the 

communication network has a problem, the NMS and the 

meter reading data can’t be acquired as a whole. However, 

when the data is distributed to the wired and wireless 

communication networks, data can be acquired using other 

communication networks even if a problem occurs in the 

specific communication network. Therefore, the reliability 

and reliability of communication can be secured as 

compared with the conventional method in which all data 

is transmitted through one communication method. Figure 

5 shows the transmission diagram for the data distribution 

scheme. 

 

 

Figure 5. Data distribution scheme transmission 

diagram 

 

The conventional system performs communication using a 

single wire or wireless communication method. As shown 

in Table 2, if both the wired and wireless communication 

methods are error, no communication is possible in any 

case. 

 

Table 2. Data transmission status according to 

communication method 

Conventional DCU 

wireless         wired normal abnormal 

Normal O X 

Abnormal O X 

Hybrid DCU 

wireless         wired normal abnormal 

Normal O O 

Abnormal O X 

 

However, if the wired communication is abnormal, the 

conventional method can’t communicate unconditionally. 

But the hybrid method can’t communicate only when both 

wired and wireless communication are abnormal. 

Therefore, the Hybrid method reduces the communication 

time to half compared with the conventional method, 

thereby significantly increasing the meter reading success 
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rate. Figure 6 shows a flowchart of the hybrid data 

distribution method. 

 

 
Figure 6. Data distribution technique flowchart 

 

2.4.4 Multiple linear regression-based optimal 

threshold BPS setting 

The threshold BPS value of the PLC communication 

module in the hybrid modem is closely related to the 

communication success rate. If the threshold BPS of the 

DCU is too low, modems have a poor success rate because 

they keep on going even if the signal is bad. Conversely, if 

the threshold BPS value is too high, the routing path 

through the modem changes frequently and the success 

rate of metering decreases. Therefore, it is necessary to 

optimize the threshold BPS value in order to increase the 

meter reading success rate. The equations used in the 

algorithm are shown in (1) and the sources are shown in 

Figure 7. [5][6] 

 

y =  𝑎1𝑥1  +  𝑎2𝑥2 + 𝑏                              (1) 

 
import tensorflow as tf 

#data is BPS, communication success rate, Threshold BPS 

data = [[200,90,61], [300,99,50], [150,87,80], [100,82,95]] 

x1 = [x_row1[0] for x_row1 in data] 

x2 = [x_row2[1] for x_row2 in data] 

y_data = [y_row[2] for y_row in data] 

a1 = tf.Variable(tf.random_uniform([1], 0, 300, dtype=tf.float64, seed=0)) 

a2 = tf.Variable(tf.random_uniform([1], 0, 100, dtype=tf.float64, seed=0)) 

b = tf.Variable(tf.random_uniform([1], 0, 100, dtype=tf.float64, seed=0)) 

y = a1*x1 + a2*x2 + b 

rmse = tf.sqrt(tf.reduce_mean(tf.square(y - y_data))) 

learning_rate = 0.1 

gradient_decent =tf.train.GradientDescentOptimizer(learning_rate).minimize(rmse) 

with tf.Session() as sess: 

sess.run(tf.global_variables_initializer())  

for step in range(2001) : 

sess.run(gradient_decent) 

Figure 7. Tilt and bias calculations using tensor-flow 

 

2.5 Experiment result 

We have implemented a data distribution scheme in A-

DCU and constructed a test environment with hybrid 

modem and communication unit supporting HPGP wire 

communication method and LoRa wireless 

communication method as shown in Figure 8. One A-DCU 

hybrid unit, one customer's hybrid modem, and five meters 

connected to a modem. In order to obtain the data of the 

meter, the registration process of the modem was first 

performed. The signal attenuator was inserted into the A-

DCU and the modem section to monitor the operation state 

at the time of signal attenuation. 

 

 
Figure 8. Test environment 

 

The test was performed by a four-step procedure as shown 

in Table 3. 

 

Table 3. Step-by-step test procedure 

Step Procedure 

1 Registering a hybrid modem with A-DCU 

2 

① Sending meter reading data to HPGP 

wired communication method 

② Transfer NMS data to LoRa wireless 

communication method 

③ Confirm that data is acquired normally 

according to setting value 

3 

① Verify normal data transfer 

②  Check the communication status while 

signal attenuation in the HPGP section 

4 

① The higher the attenuation, the lower the 

BPS of the meter reading data by HPGP wire 

communication 

② If the BPS value falls below the threshold 

value, check whether the acquisition path of 

the meter reading data changes from wired 

HPGP to wireless LoRa 

 

We first performed the registration of the hybrid modem 

for testing and confirmed through the test that the 

registration of the modem is normally done according to 

the registration procedure only when both the unit and 

hybrid modem HPGP and LoRa are available. Of course, 

registration was not made when only one medium is 

normal. After the registration of the Modem, it was 

confirmed that the meter reading data is acquired by HPGP 

communication method and the NMS data is acquired by 

LoRa. It was also possible to change the acquisition 

communication medium of the data by changing the MIB 

value. Finally, we test the change of communication path 

by attenuating HPGP signal. When the attenuation 

becomes worse, transmit and receive BPS decrease, and 
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we set the threshold value to 50 and proceeded to the test. 

This test means that if the signal BPS becomes less than 

50 according to the attenuation, the communication 

method is automatically changed from wired to wireless to 

acquire the meter reading data continuously. We have 

confirmed through the HPGP attenuation test that 

acquisition of the meter reading data and NMS data is 

performed through LoRa when the BPS of modem is 50 or 

less. We have tested intelligent algorithms to optimize 

thresholds to increase meter read success rates. Table 4 

shows the experimental values for the dependent variable 

threshold BPS and two independent variables. 

 

Table 4. Communication success rate and threshold 

value 

kind 1 2 3 4 average 
Measurement 

BPS(𝑥1) 
200 300 150 100 187.5 

Communication 

success rate(𝑥2) 
90 99 87 82 89.5 

Threshold 

BPS(y) 
61 50 80 95 71.5 

 

We calculated the slope 𝑎1, 𝑎2  and bias b based on the 

sample value of the communication success rate and 

measured BPS. 

3. CONCLUSION 

PLC-based AMR systems often suffer power line signal 

attenuation due to environmental or local factors. 

Therefore, it has many problems when acquiring meter 

reading data in the case of underground sections or old 

houses. Therefore, although many techniques have been 

proposed and studied to increase the success rate, there is 

no solution that can completely solve the problem. In 

Korea, the installation of more than 20 million AMR 

systems by 2020 may cause problems in construction, 

maintenance, and accurate collection of electricity charges 

for a large number of systems. Therefore, it is very 

important to increase the success rate of the data 

acquisition including the meter reading steadily in order to 

activate the AMR service. In this paper, we investigated 

the possibility of dramatically increasing the meter reading 

success rate of AMR. We have developed A-DCU that can 

acquire data using various communication methods 

beyond the limitation of data acquisition using a single 

communication method. The A-DCU enables smooth 

meter reading by applying wireless communication to 

acquire meter reading data in areas where power line 

communication is impossible. In addition, we have 

improved the limit of data transmission of existing A-DCU, 

that is, communication method was able to communicate 

only with single medium of wired or wireless 

communication. The A-DCU acquires data by using both 

wired and wireless simultaneously, thereby securing 

sufficient bandwidth required for communication. When a 

problem arises in a specific communication method, a data 

distribution technique capable of transmitting data through 

switching of a communication method is newly introduced, 

thereby solving the problem that the meter reading success 

rate is significantly lowered in the existing DCU. We also 

applied a multiple regression algorithm to optimize the 

threshold value of BPS using artificial intelligence 

techniques and established the basis for increasing the 

success rate of the measurement. Applying such 

techniques to areas where communication is impossible 

can dramatically reduce the cost of installation and 

maintenance of the system. In addition, by securing the 

reliability of the meter reading data, it is expected that the 

quality of the service to the customer will be improved. 

Based on the results of this study, it is expected that it can 

be used for the design of power network, countermeasures 

against old wires, demand response and demand 

forecasting. 
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