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Abstract: The combination of mobile edge computing (MEC) and radio energy 

transmission has become a hot research direction. The traditional transmission line 

monitoring method is relatively simple, and it is impossible to monitor and sense the 

transmission line in an all-round way, and the level of intelligence is not high. In this 

paper, the combination of Internet of Things (IoT) technology and MEC technology is 

used to construct framework for a transmission line intelligent monitoring system. 

Under this model, a data transmission technology of transmission line based on MEC 

is proposed. The energy consumed by the system can be minimized based on changing 

tasks in the system's transmission line sensor and system environment. Experimental 

results show that the proposed algorithm outperforms the other two baseline 

algorithms. 
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1. Introduction 

With the development of the Internet of Things technology, the existing 

communication network can not only collect, transmit and process massive sensor 

data (such as temperature, humidity, light intensity, etc.), but also realize accurate 

environmental monitoring of multimedia information such as virtual reality (VR), 

augmented reality (AR) automatic driverless. Comprehensive monitoring of specific 

regions such as transmission line has greatly expanded its application areas. 

The online monitoring system of transmission line is an important part of ensuring the 

security operation of transmission lines. By installing the corresponding sensing IoT 
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devices [1] on the transmission line, the status monitoring system of transmission line 

can real-time response the equipment hazard, and provide dynamic information for 

production management, equipment operation and maintenance, state maintenance, 

and emergency disaster prevention to realize transmission. Line safety warning [2] 

and auxiliary decision-making can improve the lean level of operation and 

maintenance and production management. However, some of the current 

transmission lines have the features with wide distribution regions, long lines, complex 

terrain and some regions have relatively harsh climatic conditions which have been 

affected by rain, frost and wind for a long time, causing different degrees of damage 

and directly bringing huge Economic losses. For most field environment, because the 

operation status of the line cannot be detected in real-time, it is necessary to rely on 

regular staff to visit the site, which consumes manpower and material resources, and 

cannot maintain the line in time, causing unnecessary losses. Therefore, appropriate 

communication methods are needed to transmit data and solve problems such as 

monitoring and management of transmission lines . 

The existing works usually use the general packet radio service (GPRS), 4G 

communication method, but there are many problems [3-4]: 

1) The transmission rate is limited. The communication coverage of 4G is low, the 

communication bandwidth of the mobile communication network is low, and the 

theoretical maximum bandwidth is 114kb. Actually, it is only 10kb, which cannot meet 

the requirements of the existing multimedia data transmission bandwidth. 

2) Limited coverage. In some remote areas, there is no telecommunications public 

network signal, subject to network access and other issues, and line monitoring cannot 

be achieved. 

3) High operating and maintenance costs. Not only is the traffic cost, but it is also 

difficult to locate the communication network failure. 

Mobile Edge Computing (MEC) is an emerging architecture that extends cloud 

computing services to the edge of the network that utilizes mobile base stations [5]. 

As an emerging and practical technology, it can be applied to mobile, wireless or even 

wired scenarios by using software and hardware platforms located at the edge of the 

network near the user, thereby reducing the backhaul latency of data. Therefore, it is 

particularly suitable for transmitting data with a large amount of data [6-7]. 

However, offloading computing tasks of IoT nodes to MEC servers requires a high 

degree of reliance on the speed and efficiency of wireless data transmission. For 

example, some delay-sensitive nodes have strict time delays in data transmission delay 

[8]. This requires the MEC server to efficiently manage the wireless communication 

resources and computing resources required for computing tasks. The computation 

tasks that most IoT nodes request to process are random and diverse, and the supply 
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of energy is also unstable. 

The transmission lines are only a few tens of kilometers short and hundreds of 

kilometers long which span different climatic regions, and the operating environment 

is extremely harsh. The physical space between monitoring objects is large, and power 

supply and communication problems are prominent [9]. From the point of view of 

monitoring parameters, in addition to channel monitoring, fault location and aircraft 

inspection, there is a large demand for communication data [10]. The rest, such as 

wire temperature and micro-meteorological monitoring, are characterized by massive 

data, mainly as a single offloading. The amount of data is small and the real-time 

requirements are low; while the lightning strike and lightning arrester motion 

monitoring are event-type, and the real-time requirements are lower. Therefore, 

according to the wide area of the transmission line, massive monitoring of small data, 

long-term separation features, the transmission line is ubiquitous in the Internet of 

Things [11]. 

In addition, as the number of connections of power IoT nodes or sensors nodes 

increases, the computing capacity of the MEC server and the wireless channel of the 

base station are also constantly changing. Therefore, how to design a multi-task 

random arrival and wireless channel change movement of a ubiquitous power IoT 

node Edge computing models and methods, jointly optimizing energy consumption 

and offloading delay of sensors node, and establishing a platform for minimizing user 

task latency and energy consumption are challenging. 

 

2. System model 

The IoT architecture of the transmission line is implemented in a three-layer 

architecture, including the transmission line layer, the mobile edge computing layer, 

and the cloud computing layer. The architecture is shown in Fig. 1. The transmission 

line layer includes transmission lines, towers and various sensors, including Synthetic 

Aperture Radar (SAR), remote sensing satellites to achieve wide-area efficiency of 

large defects such as transmission line mountain fires, channel foreign bodies, and 

tower tilt. The ground is mainly based on monitoring sensors on the transmission line 

conductors (such as temperature monitoring sensors, distributed fault location sensors, 

etc.).Nearby towers include tilting, micro-meteorology, lightning strikes and other 

devices. The edge computing layer includes a MEC server and a base station, where 

the base station is responsible for communicating with sensors of the transmission line 

layer. The cloud computing layer includes a large server cluster and a macro base 

station that accepts and processes data from the mobile edge computing server. The 

sensor data by wireless communication can be collected and offloaded to the MEC 

server, and MEC return the the massive data through the satellite communication or 
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the wired communication network to solve the problem of the signal blind zone of the 

mountain transmission line. For channel monitoring and aircraft inspection data, data 

can be transmitted back through 4G wireless network in the near future. The video 

image can be transmitted back through broadband satellite communication, thereby 

achieving full coverage of all transmission lines. 

 

Figure. 1 The data offloading for IoT sensors architecture of the transmission line 

based on MEC 

 

3. Data transmission optimization method based on mobile edge 

calculation 

3.1 Communication model 

We define , ( )n kg t  as the channel gain of the sensor n of the transmission line that 

offloads the computational task to the MEC server k. According to Shannon's theorem, 

the uplink rate at which the sensor n offloads the computing task to the MEC server k 

is:  
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Where, , ( )n kP t  is the transmit power of the MEC server k to the sensor n, 2

k  is the 

complex Gaussian white noise, and kB  is the uplink channel transmission bandwidth. 

Similarly, the rate ( )kr t of the MEC server k offloading the computing task to the cloud 

server m can be written as 
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3.2 Computation model 

Considering the partial offloading, the task can be divided into two parts of arbitrary 

size to be executed in parallel on the sensor device and the mobile edge server. 

Therefore, the computational model of the task includes the local execution model and 

the offloading execution. The following description takes the example of performing 

task k (MEC k) on mobile device n (sensor n). We assume that the size of the task to 

be performed by the mobile device n at time slot t is ( )nS t , and the ratio of offloading 

tasks is n . 

(1) Local execution 

For local execution, the CPU clock frequence of mobile device n is denoted by nf . 

Therefore, the time consumption of local execution can be obtained by: 

( )n n
n

n

S t
T

f


=                                          (3) 

Where, the energy consumption of a computing cycle depends on the effective 

switching capacitance of the chip structure, so the total power consumption local 

execution can be written as : 
2( ) ( )n n nE t f S t=                                  (4) 

Where,   is the effective switching capacitance of the chip structure. 

(2) Computing offloading to MEC server 

Because the computing power of the MEC server is relatively strong, the execution 

time of the computing task offloading to MEC server is negligible. In addition, 

depending on the definition of the task model, the size of task result is ignored in this 

section, so the backhaul time to transfer the result to the sensor device from MEC is 

not considered.  

According to the above assumptions, the energy consumption of MEC server during 

execution comes from the wireless transmission, that is, the energy consumption in 

the process of the sensor device offloading data to MEC server. The ratio of computing 

offloading depends on the transmission power and channel state. We assume that the 

transmission power and channel state are stable within the time slot t, and ignore the 

calculation time of MEC server and the backhaul time of the output result. The 

execution time of MEC server is equal to the transfer time of the offloaded data, which 

can be written as: 

(1 ) ( )
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n n
k

n
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The energy consumption when the mobile device n is executed in MEC server is also 

the energy consumption during computing offloading, which can be written as: 
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,( ) ( )k n k kE t P t T=                             (6) 

3.3 Energy consumption minimization model 

The goal of this work is to minimize the energy consumed by all sensor devices and 

MEC servers in the control area of the MEC system. It is necessary to jointly adjust 

the ratio of computing task offloading and the size of transmit power when offloading 

to MEC server within each time slot t.  
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Where, 7 indicates that the probability of the sensor task node being offloaded to the 

MEC server is between 0 and 1.  

We introduce the energy consumption minimization algorithm by combining 

alternating direction method of multipliers (ADMM) and nonlinear fraction 

programming. First, the non-convex joint optimization problem is transformed into a 

convex global consensus problem, which can be separated from each sensor node. 

Then, by sequentially solving the n parallel sub-problems, the iterative optimization is 

performed by alternating the variable directions. The specific algorithm is described 

as follows: 

Step 1: Initialize the parameters: n , np , maxP , maxT  set k=1, t=1, n=1.  

Step 2: Reset the offloading rate and the power of all sensors. 

Step 3: Set t=1, update the parameters with ADMM. 

Step 4: Update 1t t + , while t<= maxT  to Step 3 

Step 5: Update    , ,t t n np p   

Step 6: Update 1n n + , while n<= N  to Step 3 

Step 7: OUTPUT * *,n np  

Step 8: Update 1k k + , while k<= K  to Step 2 

 

4. Experimental Result 

In this section, the simulation results are used to verify the advantages of the proposed 

scheme for jointly optimizing offloading rate and transmission power under the power 

consumption minimization goal, and evaluate the performance of the proposed 

algorithm. All simulation are written in the Python with PyOpt which is a Python toolkit 

to solve nonlinear constrained optimization problems.  

There are 3 transmission line and MEC server, that is, k=3. The number of sensors at 

each transmission line is 7, that is, n=7. The total number of sensors is 21. The 

maximum CPU frequency follows with the uniform distribution with a range of [1, 2] 

GHz. For the moving edge execution model, the noise power is set as 2 910 W −= and 
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the system bandwidth is kB =1MHz. The maximum transmission power for each sensor 

nodes at transmission line is set as max 2P W= . The deadline maxT  follows with the 

uniform distribution of [10-50] ms.  

In order to verify the performance of the proposed algorithm, we compare the 

proposed algorithm with algorithm1 and algorithm2 respectively. Algorithm1 is only 

processed by the local processor which is named by only local processing. Algorithm 

2 is only offloaded to the MEC server for processing which is named by only MEC 

processing.  

Figure 2 showed the relationship between energy consumption and task input size. It 

can be seen from the results in Fig. 2 that no matter which optimization method is 

adopted, the energy consumption increases with the increase of the task size, but the 

proposed joint optimization scheme in this paper is better than the other two 

optimization scheme. In particular, the curve of the proposed algorithm not only has 

the least energy consumption, but also has the slowest rate of energy consumption 

reduction when the task is greater, which indicate that the proposed algorithm has 

the ability to adapt to greater computing tasks. 

 

Figure. 2 Comparison between energy consumption and the size of computing task 

In order to demonstrate the relationship between the energy consumption and the 

maximum transmission power of the sensors, the simulation experiment also carried 

out the above three methods, and observed the change of energy consumption in the 

case of increasing transmission power. The size of computing task set is set as 2Mb. 

The range among maximum transmission power of each sensor node is from 0.5W to 

3W. As shown in Fig. 4, it can be observed that as the transmission power of the 

sensor nodes increases, the energy consumption of the proposed algorithm is always 

less than the other two algorithms, which indicate that the joint optimization method 
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proposed in this paper can make the energy utilization higher. This is because the 

proposed algorithm can find the best combination of offloading ratio and energy 

consumption. 

 

Figure. 3 Relation between the energy consumption and the maximum transmission 

power of the sensors 

In terms of non-ranging algorithm, there are mainly DV-Hop algorithm, SPA algorithm, 

centroid algorithm and convex programming algorithm. Among them, the three-side 

measurement method is shown in Figure 2. 

 

5. Conclusion 

This work designs the model based on IoT technology and makes full use of MEC to 

realize intelligently online monitoring of transmission lines. A method for energy 

minimization of transmission lines based on MEC is proposed. Simulation results show 

that the proposed algorithm can effectively improve the energy consumption of the 

transmission line monitoring system and can minimize energy consumption, which 

provides an important guarantee for the safe operation of power transmission lines. 

 

References 

 [1] L. Fang L, L. H. Yin, Y. C. Guo and B. X. Fang (2017). A survey of key technologies in 

attribute-based access control scheme. Chinese Journal of Computers, vol.40, no.7, 

p.1680−1698. 

[2] W. U. Hequan (2017). Technology and application progress on Internet of Things. Chinese 

Journal on Internet of Things, vol.1, no.1, p.1-6. 

[3] J. Liu, Z. Zhao and J. I. Xiang (2018). Research and application of Internet of Things in 

power transmission and distribution system. Chinese Journal on Internet of Things, vol. 

2, no.1, p. 88-102. 

[4] Z. Hu,  B. Yang, Y. Zhu (2015). Design for communication network of internet in on-line 

monitoring system for power transmission and transformation equipment. High Voltage 



Volume 6 Issue 10 2019 

   48 

Engineering, vol.41, no.7, p.2252-2258. 

[5] Y. Mao, C. You and J. Zhang (2017). A survey on mobile edge computing: The 

communication perspective. IEEE Communications Surveys & Tutorials, vol.19, no.4, 

p.2322-2358. 

[6] K. Kumar, J. Liu, Y.H. Lu, and B. Bhargava (2013), A survey of computation offloading for 

mobile systems. Mobile network application, vol.18, no.1, p. 129–140. 

[7] J. Liu, Y. Mao and J. Zhang (2016). Delay-optimal computation task scheduling for mobile-

edge computing systems. 2016 IEEE International Symposium on Information Theory 

(ISIT), vol. 1, p.1451-1455. 

[8] L.V. Jun, W. Luan and R. Liu (2018), Architecture of distribution internet of things based 

on widespread sensing & software defined technology. Power System Technology, vol.42, 

no.10, p.3108-3115. 

[9] X. Shen, M. Cao and W. Xue (2016). Research and application of intelligent online 

monitoring of power transmission and transformation equipment based on Internet of 

things technology. Southern Power System Technology, vol.10, no.1, p.32-41. 

[10] M. Arias, D.G. Lamar and F.F. Linera (2012). Design of a Soft-Switching Asymmetrical 

Half-Bridge  Converter  as  Second  Stage  of  an  LED  Driver  for  Street  Lighting 

Application. IEEE Transactions on Power Electronics, vol.27, no.3, p.1608-1621. 

[11] S. Zhang, N. Zhang and S. Zhou (2016), Energy-aware traffic offloading for green 

heterogeneous networks. IEEE Journal on Selected Areas in Communications, vol.34, no.5, 

p.1116-1129. 

 
 


