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Based on a set of indicative overhead low voltage broadband over power 
lines (OV LV BPL) topologies of respective OV LV BPL topology classes, 
Neural Network Topology Generator Methodology (NNTGM) is 
theoretically proposed in this paper, so that its generated OV LV BPL 
topologies (NNTGM OV LV BPL topologies) can populate the OV LV 
BPL topology classes. Given the indicative topology of the OV LV BPL 
topology class, the NNTGM OV LV BPL topologies can be statistically 
familiar with the corresponding indicative OV LV BPL topology in terms 
of the theoretical channel attenuation behavior. Actually, NNTGM is 
based on the reverse procedure of the Neural Network Identification 
Methodology for the distribution line and branch Line Length 
Approximation (NNIM-LLA); say, NNTGM generates theoretical channel 
attenuation behaviors given the number of branches, the distribution line 
lengths and the branch line lengths, when appropriate NNTGM default 
operation settings are assumed. The statistical familiarity between the 
examined indicative OV LV BPL topology and an NNTGM OV LV BPL 
topology is examined after the application of appropriate channel 
attenuation metrics. On the basis of the channel attenuation metrics, 
class maps are theoretically defined so that the relative positions of 
indicative OV LV BPL topologies and their respective NNTGM OV LV 
BPL topologies (NNTGM virtual topologies) can be further studied. 
 

Keywords: Smart Grid; Broadband over Power Lines (BPL) Networks; Power Line Communications 

(PLC); Distribution and Transmission Power Grids; Neural Networks; Simulation; Modeling 

 

 

Introduction 
 

Among the communications solutions that can be integrated across the smart grid 

in order to support its intelligent IP-based communications network of two-way 

information flows, Broadband over Power Lines (BPL) networks may exploit the 

available wired power grid infrastructure without investing additional costs in networking 

cables [1-7]. 

Deterministic Hybrid Model (DHM), which describes the BPL signal propagation 

and transmission across the topologies of the overhead low voltage (OV LV) BPL 

networks while feeding the Topology Identification Methodology (TIM) BPL topology 

database with the big data of the operation of OV LV BPL topologies, is considered to be 
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the channel model basis where all the artificial intelligence (AI), machine learning (ML) 

and neural network (NN) features have been built on [3, 4, 8-16]. As the added AI - ML - 

NN functionalities are concerned, the neural network identification methodology for the 

branch number identification (NNIM-BNI) of OV LV BPL topologies has been proposed 

in [17]. Then, the neural network identification methodology for the distribution line and 

branch line length approximation (NNIM-LLA) has been proposed for the OV LV BPL 

topologies in [2] while its performance has been assessed for various usage scenarios in 

[6, 7]. Actually, NNIM-LLA approximates the distribution line and branch line lengths 

for a given OV LV BPL topology theoretical channel attenuation behavior thus 

performing the tomography of the OV LV BPL topology.  

In this paper, the Neural Network Topology Generator Methodology (NNTGM) is 

theoretically proposed and aims at reversing the operation of NNIM-LLA so that virtual 

topologies can populate existing OV LV BPL topology classes [18-21]. For the NNTGM 

operation, the available big data of the TIM BPL topology database for the OV LV BPL 

topologies of [15, 16], the NN architectures / training / methodology of [2, 17] and the 

conclusions for better approximation performances for the family products of TIM and 

NNIM of [2, 6, 7, 17] are exploited. The NNTGM output is a collection of NNTGM 

virtual topologies that present only theoretical channel attenuation behaviors when their 

topological characteristics are set to be derived from the topological characteristics of the 

indicative OV LV BPL topology of the examined class that anyway acts as the basis for 

the topological characteristics of the NNTGM virtual topologies. In accordance with [2, 6, 

7, 17], since default operation settings play a critical role in the operation of the family 

products of TIM and NNIM, they are also going to determine the operation of NNTGM. 

However, the NNTGM default operation settings, which are going to be analytically 

reported in this paper, are different from the NNIM-based ones in terms of the 

preparation parameters of the TIM OV LV BPL topology database since the vicinity to 

the examined indicative OV LV BPL topology is of interest for NNTGM rather than the 

representativeness of all the OV LV BPL topologies. 

To examine the statistical familiarity of the NNTGM virtual topologies with the 

respective indicative OV LV BPL topologies, channel attenuation metrics, such as the 

average theoretical channel attenuation (ACA) and the root mean square delay-spread 

(RMS-DS), are going to be exploited. With reference to [18-22], new OV LV BPL 

topology class maps are here defined by the graphical ACA / RMS-DS combination of 

their respective indicative OV LV BPL topologies. NNTGM virtual topologies that come 

from an indicative OV LV BPL topology graphically define the NNTGM virtual 

topology footprint of the indicative OV LV BPL topology. The graphical vicinity of the 

NNTGM virtual topology footprints to their respective indicative OV LV BPL topologies 

is examined on the OV LV BPL topology class maps. Then, the impact of the parameters 

of the NNTGM default operation settings on the relative position and the size of the 

NNTGM virtual topology footprints are further graphically and numerically assessed in 

the companion paper [23]. 

The rest of this paper is organized as follows: Section 2 briefly presents the 

indicative OV LV BPL topologies of the classes that are going to be used during the 

benchmark process of these two papers. Also, this Section summarizes the basics of 

DHM, TIM OV LV BPL topology database and NNIM-LLA as well as NNIM-LLA 

default operation settings. Section 3 analyzes the operation of the proposed NNTGM. 

Also, the NNTGM default operation settings and the channel attenuation metrics of ACA 

and RMS-DS are here reported. Section 4 concludes this paper. 
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Indicative OV LV BPL Topologies of Topology Classes, DHM, TIM OV LV 
BPL Topology Database and NNIM-LLA 
 

 In this Section, four indicative OV LV BPL topologies that are the representative 

ones of the four main OV LV BPL topology classes of [18-21, 24] are reported. Then, 

DHM, which creates the big data pool, and TIM OV LV BPL topology database are 

briefly discussed. Finally, NNIM-LLA, which is going to be procedurally reversed for 

the sake of the NNTGM definition, is presented as well as NNIM-LLA default operation 

settings. 

 

OV LV BPL Topologies and Respective Topology Classes 
 As already mentioned in [8, 10, 25, 26], OV LV BPL networks are divided into 

cascaded OV LV BPL topologies of typical lengths of 1000m while a typical OV LV 

BPL topology is shown in Figure 1. With reference to Figure 1, the typical OV LV BPL 

topology is bounded by its transmitting and receiving ends. Across the transmission path 

of the OV LV BPL topology, N branches of open-circuit terminations may occur. The 

arbitrary k, k=1,…,N branch has length equal to Lbk while it is located at distance ∑ 𝐿𝑖
𝑘
𝑖=1  

from the transmitting end. In accordance with [2, 10, 17, 25], the topological 

characteristics and the number of branches for four indicative OV LV BPL topologies –

i.e., Line-Of-Sight (LOS), rural, suburban and urban– are listed in Table 1. The 

aforementioned four indicative OV LV BPL topologies are the representative ones of the 

respective main OV LV BPL topology classes, which are detailed in [18, 20, 21]. 

 

DHM  
 DHM is a synthetic BPL channel model of three cascaded modules; say, the 

bottom-up, the top-down and the coupling scheme modules [2, 8-10, 17, 19, 25, 29, 30],. 

In detail, the bottom-up and top-down modules of DHM address the propagation and 

transmission issues of the BPL signal across the OV LV BPL topologies, respectively, 

while the coupling scheme module is responsible for studying the injection / extraction of 

the BPL signal across the OV LV Multi-conductor Transmission Line (MTL) 

configurations and the OV LV BPL topologies. The theoretical coupling scheme channel 

transfer function, which is the output of DHM for given OV LV MTL configuration, OV 

LV BPL topology and coupling scheme, is stored in the TIM OV LV BPL topology 

database. Trying different variations on the applied OV LV MTL configurations, OV LV 

BPL topologies and coupling schemes, TIM OV LV BPL topology database compiles a 

wealth of case studies thus creating the necessary big data for AI, ML and ΝΝIM-based 

methodologies to operate. 

 

TIM OV LV BPL Topology Database  
 In accordance with [2, 17], TIM OV LV BPL topology database has already acted 

as the big data pool for NNIM-BNI and NNIM-LLA. Depending on the operation 

scenario, the records of the TIM OV LV BPL topology database for NNIM-BNI and 

NNIM-LLA may contain the following fields: (i) the ID number p of the OV LV BPL 

topology when the number of all OV LV BPL topologies in the TIM OV LV BPL 

topology database is equal to P; (ii) the actual number of branches N of the OV LV BPL 

topology; (iii) the actual lengths of the distribution lines 𝐋 = [𝐿1 𝐿2 ⋯ 𝐿𝑁+1] of each 

OV LV BPL topology;  
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Fig. 1.  Typical OV LV BPL topology with N branches [17, 27] 

 

Table 1. Indicative OV LV BPL Topologies [10, 17, 18, 20, 21, 25, 28] 
OV LV BPL 

Topology Name 

 

OV LV BPL 

Topology Class Name 

Branch 

Number 

(N) 

Length of Main Lines Length of Branches 

Urban case A 

(Typical urban case) 

Urban 3 L1=500m, L2=200m, 

L3=100m, L4=200m 

Lb1=8m, Lb2=13m, Lb3=10m 

Suburban case 

 

Suburban 2 L1=500m, L2=400m, 

L3=100m   

Lb1=50m, Lb2=10m 

Rural case  

 

Rural 1 L1=600m, L2=400m Lb1=300m 

LOS case  

 

LOS 0 L1=1000m - 

 

(iv) the actual lengths of the branch lines 𝐋𝐛 = [𝐿b1 𝐿b2 ⋯ 𝐿b𝑁] of each OV LV BPL 

topology; and (v) the theoretical coupling scheme channel transfer function values with 

respect to the frequency. Here, it should be noted that the size of the TIM OV LV BPL 

topology database, which further affects the performance and the execution times of the 

family products of NNIM-based methodologies, depends on the default operation settings 

that are applied and are presented in the following subsection.  

 

NNIM-LLA and NNIM-LLA Default Operation Settings 
 NNIM-LLA has first been presented in [2] while its performance has been 

assessed during various operation scenarios in [6, 7]. NNIM-LLA is based on an NN 

architecture where its fully connected NN of HL hidden layers of neurons receives as 

input the amplitude of the coupling scheme channel transfer functions of the OV LV BPL 

topologies of the TIM OV LV BPL topology database in dB and gives as output the 

NNIM-LLA approximation for the lengths of the examined indicative OV LV BPL 

topology (i.e., the NNIM-LLA approximation lengths of the distribution and branch lines 

are  

𝐋NNIM−LLA = [𝐿1,NNIM−LLA 𝐿2,NNIM−LLA ⋯ 𝐿𝑁+1,NNIM−LLA]  and  

𝐋b,NNIM−LLA = [𝐿b1,NNIM−LLA 𝐿b2,NNIM−LLA ⋯ 𝐿b𝑁,NNIM−LLA], respectively). Actually, NNIM-

LLA approximates the distribution line and branch line lengths of the examined OV LV 

BPL topology when its OV LV BPL topology theoretical channel attenuation behavior is 

separately fed to NNIM-LLA. The core of NNIM-LLA is its MATLAB NN training 

program, which is detailed in [31, 32], that jointly processes the big data of the TIM OV 

LV BPL topology database with the OV LV BPL topology theoretical channel 

attenuation. The MATLAB NN training program is divided into three phases; say, 
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training, validation and testing phases, while these three phases segment the big data of 

the TIM OV LV BPL topology database in accordance with the respective participation 

percentages. In accordance with [2, 6, 7], the critical factor for the high performance and 

accuracy of NNIM-LLA is the selection of appropriate NNIM-LLA default operation 

settings. 

 According to [2, 6, 7, 17], the adoption of elaborate NNIM-LLA default operation 

settings, which may support higher accuracies for the TIM OV LV BPL topology 

database, can significantly improve the performance of NNIM-LLA. The NNIM-LLA 

operation settings that can be configured for the included OV LV BPL topologies in the 

TIM OV LV BPL topology database and for the operation of the MATLAB NN training 

program are: (i) the number of branches; (ii) the length spacings for the branch distance 

and the branch length; (iii) the branch line length range; (iv) the total distribution line 

length; (v) the coupling scheme; (vi) the frequency range; (vii) the flat-fading subchannel 

frequency spacing; and (viii) the default participation percentages of the three phases. 

However, a trade-off between the accuracy of the applied default operation settings and 

the total execution time of NNIM-LLA has been revealed in [6].  

NNTGM is going to be the procedural reversal of NNIM-LLA while NNTGM 

default operation settings are going to exploit the NNIM-LLA ones and the good 

practices learned from their study. NNTGM is first presented in the coming Section. 

 

 

NNTGM: Definition, Default Operation Settings, Channel Attenuation 
Metrics and Class Maps 
 

 In this Section, NNTGM is proposed based on the NNIM-based family products; 

say, NNIM-BNI and NNIM-LLA. Apart from its definition, NNTGM default operation 

settings are reported while their parameters that are going to be configured for the 

included OV LV BPL topologies in the TIM OV LV BPL topology database are 

discussed. Finally, the channel attenuation metrics of ACA and RMS-DS are 

mathematically defined so that they can be applied to the indicative OV LV BPL 

topologies and their respective NNTGM virtual OV LV BPL topologies for the 

preparation of the OV LV BPL topology class maps. 

 

NNTGM Definition  
 With reference to Figure 2 of [2] and [17], NNTGM is going to implement the 

inverted NN architecture that has been applied in NNIM-BNI and NNIM-LLA. The 

structure of the NNTGM fully connected NN is assumed to have HL hidden layers of 

neurons. The input of the NN is P column vectors where P is the total number of the used 

OV LV BPL topologies that come from the records of the TIM OV LV BPL topology 

database while the p, p=1,…,P column vector consists of the actual lengths of the 

distribution and branch lines of the arbitrary p OV LV BPL topology of the TIM OV LV 

BPL topology database, namely: 

 𝐋TIM,𝑝,ℎ𝑙=0
OVLV,C {∙} = [𝐋𝑝 𝐋b,𝑝 ]T = [𝐿1,𝑝 𝐿2,𝑝 ⋯ 𝐿𝑁+1,𝑝 𝐿b1,𝑝 𝐿b2,𝑝 ⋯ 𝐿b𝑁,𝑝 ]T (1) 

where [·]T  denotes the transpose of the matrix and each column vector consists of   

𝑁 + 1⏟  
number of 
main lines

+ 𝑁⏟
number of 
branches

 =  2𝑁 + 1   lines. After the input layer, HL hidden layers occur. The 
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output of the fully connected NN is a 𝑄× 1 channel attenuation difference column vector 

that is given by 

Δ𝐇OVLV,C{∙} = [|𝐻NNTGM
OVLV,C(𝑓1)|dB − |𝐻LOS

OVLV,C(𝑓1)|dB  ⋯ 

⋯ |𝐻NNTGM
OVLV,C(𝑓𝑞)|dB − |𝐻LOS

OVLV,C(𝑓𝑞)|dB  ⋯ |𝐻NNTGM
OVLV,C(𝑓𝑄)|dB − |𝐻LOS

OVLV,C(𝑓𝑄)|dB ]
T (2) 

where |𝐻NNTGM
OVLV,C{∙}|

dB
 is the amplitude of the coupling scheme channel transfer function 

of the NNTGM generated OV LV BPL topology in dB, |𝐻LOS
OVLV,C{∙}|

dB
 is the amplitude 

of the coupling scheme channel transfer function of LOS case of Table 1 in dB, [⋅]C 

denotes the applied coupling scheme and 𝑓𝑞, 𝑞 = 1,… , 𝑄 are the operating frequencies 

when the examined frequency range is divided into Q flat-fading subchannels. With 

reference to eq. (2), the output of the NNTGM is the 𝑄 × 1 NNTGM generated channel 

attenuation column vector that is given by 

𝐇NNTGM
OVLV,C {∙} = Δ𝐇OVLV,C{∙} + 

+[|𝐻LOS
OVLV,C(𝑓1)|dB  ⋯ |𝐻LOS

OVLV,C(𝑓𝑞)|dB  ⋯ |𝐻LOS
OVLV,C(𝑓𝑄)|dB ]

T       (3) 

As the operation of the NNTGM fully connected NN is concerned, NNTGM is based on 

the MATLAB NN training program of [31, 32] where the inner big data handling of the 

TIM OV LV BPL topology database is divided into training, validation and testing 

phases with respective participation percentages. In fact, the MATLAB NN training 

program randomly splits the supplied big data from the TIM OV LV BPL topology 

database into 3 portions in accordance with the aforementioned participation percentages 

of the three phases. In addition, training is achieved using the Levenberg-Marquardt 

algorithm while RMS-DS is the applied criterion for deciding the best NN approximation 

of the MATLAB NN training program.  

To generate NNTGM virtual topologies for given indicative OV LV BPL 

topology, the option of testing additional external data that may be offered to the 

MATLAB NN training program is exploited while appropriately defining the insertions 

of the TIM OV LV BPL topology database. In contrast with the preparation of the TIM 

OV LV BPL topology database for NNIM-BNI and NNIM-LLA, TIM OV LV BPL 

topology database for NNTGM should contain only OV LV BPL topologies with the 

lengths of the distribution and branch lines that remain close to the respective values of 

the examined indicative OV LV BPL topology since NNTGM virtual topologies are 

expected to present only theoretical channel attenuation behaviors when their topological 

characteristics are assumed to be the same with the topological characteristics of the 

indicative OV LV BPL topology of the examined class. Hence, with reference to eq. (2), 

the actual lengths of the distribution and branch lines of the arbitrary p OV LV BPL 

topology during the preparation of the TIM OV LV BPL topology database for NNTGM 

are bounded as follows: 

 𝐿𝑖,𝑝 − 𝐿s ∙ 𝑡s ≤ 𝐿𝑖,𝑝 ≤ 𝐿𝑖,𝑝 + 𝐿s ∙ 𝑡s,   𝐿𝑖,𝑝 − 𝐿s ∙ 𝑡s ≥ 0,   i=1,…,N (4) 

 𝐿𝑖,𝑝 ∈ {𝐿𝑖,𝑝 ± 𝐿𝑠 ∙ 𝑡|𝑡 ∈ {0,⋯ , 𝑡𝑠 }, 𝑡 ∈ ℤ
0+  },   i=1,…,N (5) 

 𝐿𝑁+1,𝑝 = 1,000𝑚 − ∑ 𝐿𝑖,𝑝
𝑁
𝑖=1  (6) 

 𝐿𝑏𝑖,𝑝 − 𝐿bs ∙ 𝑡bs ≤ 𝐿𝑏𝑖,𝑝 ≤ 𝐿𝑏𝑖,𝑝 + 𝐿bs ∙ 𝑡bs,   𝐿𝑏𝑖,𝑝 − 𝐿bs ∙ 𝑡bs ≥ 0,   i=1,…,N (7) 

 𝐿𝑏𝑖,𝑝 ∈ {𝐿𝑏𝑖,𝑝 ± 𝐿𝑏𝑠 ∙ 𝑡|𝑡 ∈ {0,⋯ , 𝑡𝑏𝑠 }, 𝑡 ∈ ℤ
0+  },   i=1,…,N (8) 

where 𝐿s and 𝐿bs are the length of the distribution and branch line segments, respectively, 

and 𝑡s and 𝑡bs are the number of the distribution and branch line segments that are going 

to be used during the preparation of the TIM OV LV BPL topology database for 

NNTGM operation, respectively. From eqs. (4)-(8), given 𝐿s ∙ 𝑡s  and 𝐿bs ∙ 𝑡bs  remain 
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relatively small, the following observations concerning the preparation of the TIM OV 

LV BPL topology database are given: 

 The total number of the OV LV BPL topologies that are going to be added in the 

TIM OV LV BPL topology database is equal to: 

𝑃 = (2 ∙ 𝑡s + 1)
𝑁⏟        

𝑒𝑞𝑠.(4)−(6)

∙ (2 ∙ 𝑡bs + 1)
𝑁⏟        

𝑒𝑞𝑠.(7),(8)

             (9) 

when the examined indicative OV LV BPL topology is included into the TIM OV 

LV BPL topology database during the NNTGM operation. Conversely, when the 

examined indicative OV LV BPL topology is omitted from the TIM OV LV BPL 

topology database during the NNTGM operation, the total number of the OV LV 

BPL topologies from the TIM OV LV BPL topology database becomes equal to: 

𝑃 = (2 ∙ 𝑡s)
𝑁⏟    

𝑒𝑞𝑠.(4)−(6)

∙ (2 ∙ 𝑡bs)
𝑁⏟      

𝑒𝑞𝑠.(7),(8)

             (10) 

It is evident that the inclusion or not of the examined indicative OV LV BPL 

topology in the TIM OV LV BPL topology database may affect the degree of 

variation of the amplitude of the coupling scheme channel transfer function of the 

NNTGM generated OV LV BPL topologies in dB with respect to the amplitude of 

the coupling scheme channel transfer function of LOS case. The impact 

assessment of the inclusion or not of the examined indicative OV LV BPL 

topology in the TIM OV LV BPL topology database on the NNTGM performance 

is going to be numerically evaluated in the companion paper of [23]. 

 Apart from the total number of the OV LV BPL topologies that is going to be 

contained in the TIM OV LV BPL topology database for the NNTGM operation 

purposes as given in eqs. (9) and (10), the length and the number of distribution 

and branch line segments may further affect the degree of variation of the 

amplitude of the coupling scheme channel transfer function of the NNTGM 

generated OV LV BPL topologies in dB with respect to the amplitude of the 

coupling scheme channel transfer function of LOS case. Higher lengths and 

numbers of distribution and branch line segments entail higher variations of the 

amplitude of the coupling scheme channel transfer function of the NNTGM 

virtual OV LV BPL topologies due to the variety of the channel attenuation 

behaviors of the OV LV BPL topologies that are contained in the TIM OV LV 

BPL topology database. The assessment of the NNTGM virtual OV LV BPL 

topologies can be done by applying channel attenuation metrics such as the ACA 

and RMS-DS. Anyway, the lengths and numbers of distribution and branch line 

segments remain an essential part of the NNTGM default operation settings as 

theoretically shown in eqs. (4)-(8).  

 The graphical vicinity of the NNTGM virtual topologies with their respective 

indicative OV LV BPL topologies is examined on the OV LV BPL topology class 

maps. The OV LV BPL topology class maps of this pair of papers are going to be 

plotted with reference to ACA and RMS-DS while the indicative OV LV BPL 

topologies of Table 1 will define their respective class map footprint center. 

Given the TIM OV LV BPL topology database and the examined indicative OV 

LV BPL topology, the respective NNTGM virtual topologies may define an 

NNTGM virtual topology footprint while its extent and its relative position inside 

the class of the corresponding indicative OV LV BPL topology depend on several 

factors with reference to eqs. (4)-(10), such as: (i) The inclusion or not of the 

examined indicative OV LV BPL topology in the TIM OV LV BPL topology 
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database during the NNTGM operation; (ii) the length of the distribution / branch 

line segments; and (iii) the number of the distribution / branch line segments. 

Note that 100 NNTGM virtual topologies are assumed to be generated per each 

OV LV BPL topology class and thus per indicative OV LV BPL topology 

excluding the LOS class. The correlation among the length and the number of 

distribution and branch line segments and the extent and relative position of the 

NNTGM virtual topology footprints are going to be investigated in the companion 

paper [23]. In the following subsection, the parameters of the NNTGM default 

operation settings that are going to be configured for the included OV LV BPL 

topologies of the TIM OV LV BPL topology database, which have already been 

defined in this subsection, are discussed. 

 

NNTGM Default Operation Settings  
 In contrast with the default operation settings of NNIM-BNI and NNIM-LLA, the 

NNTGM default operation settings are strictly based on the database representativeness 

principle of [2] rather than the richness and the diversity of the applied big data, namely: 

 For given examined indicative OV LV BPL topology, its number of the branches 

and its actual lengths of the distribution and branch lines are assumed to be known 

thus the OV LV BPL topologies that are going to be included in the TIM OV LV 

BPL topology database are defined by eqs. (4)-(8) in each case. For given 

examined indicative OV LV BPL topology, the total number of the OV LV BPL 

topologies that are added in the TIM OV LV BPL topology database is given in 

eq. (9) with the inclusion of the indicative OV LV BPL topology in the TIM OV 

LV BPL topology database that is the default option of the parameter. If the 

indicative OV LV BPL topology is excluded from the TIM OV LV BPL topology 

database, which is the variant option of the parameter, the total number of the OV 

LV BPL topologies that are added in the TIM OV LV BPL topology database is 

given from eq. (10) while 𝑡 of eq. (5) and eq. (8) deals with only the positive 

integers. As the default operation setting values are concerned in this pair of 

papers, the length of the distribution and branch line segments are assumed to be 

equal to 1m and 1m, respectively, while the number of the distribution and branch 

line segments are assumed to be equal to 1 and 1, respectively. It is clear that the 

aforementioned NNTGM default operation setting parameter selection focuses on 

generating NNTGM virtual topology footprints that derive from the examined 

indicative OV LV BPL topology in each scenario while higher values of the 

aforementioned parameters are expected to relax the relative position and the 

extent of the NNTGM virtual topology footprints. 

 The total distribution line length is assumed to be equal to 1,000 m in all the OV 

LV BPL topologies of the TIM OV LV BPL topology database. Also, the 

terminations of all the OV LV BPL topologies of the TIM OV LV BPL topology 

are assumed to be open-circuit ones in a similar way to the indicative OV LV 

BPL topologies of Table 1. With reference to [11, 33], the applied coupling 

scheme of interest in this pair of papers is the WtG
1
 one. 

 As the operating frequencies of interest are concerned in this pair of papers, the 

frequency range is assumed to be equal to 1-30 MHz while the flat-fading 

subchannel frequency spacing is equal to 1 MHz. Hence, the number of flat-

fading subchannels is equal to 29. With reference to eq. (2), the amplitudes of the 

coupling scheme channel transfer functions are stored in dB in the TIM OV LV 
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BPL topology database for its OV LV BPL topologies with respect to the 

frequency. 

 As the NNTGM is based on the MATLAB NN training program of [31, 32], the 

default participation percentages of the three phases of NNIM-BNI and NNIM-

LLA of [2, 17, 31, 32] are also assumed in this pair of papers; say, training, 

validation and testing phases during the operation of NNTGM are assumed to be 

equal to 70%, 15% and 15%, respectively.  

Apart from the default operation settings, to assess the performance of NNTGM, 

the channel attenuation metrics of ACA and RMS-DS are mathematically defined in the 

following subsection. Also, the definition of the aforementioned channel attenuation 

metrics remains a crucial task for the design of the OV LV BPL topology class maps as 

well as the impact evaluation of the operation settings of this subsection on the NNTGM 

virtual topology footprints. 

 

NNTGM Channel Attenuation Metrics and NNTGM Topology Class Maps 
With reference to eq. (3), the output of the NNTGM is the 𝑄 × 1  NNTGM 

generated channel attenuation column vector 𝐇NNTGM
OVLV,C {∙} for each of the generated OV 

LV BPL topologies. Based on the NNTGM generated channel attenuation column vector, 

the NNTGM channel attenuation metrics of ACA and RMS-DS can be mathematically 

defined, as follows [22]: 

 ACA: As the BPL channel is frequency selective and 𝑓𝑞 , 𝑞 = 1,… , 𝑄  are the 

operating frequencies when the examined frequency range is divided into Q flat-

fading subchannels, ACA can be calculated for each NNTGM virtual topology by 

averaging over the flat-fading subchannels: 

𝐴𝐶𝐴NNTGM
OVLV,C =

1

𝑄
∙ ∑ |𝐻NNTGM

OVLV,C(𝑓𝑞)|dB
𝑄
𝑞=1              (11) 

In fact, ACA depends on the multipath nature of the examined OV LV BPL 

topologies. In accordance with [22], when the number of branches is small and 

their electrical length is large, like in the rural and suburban cases of Table 1, 

shallow spectral notches are observed across the theoretical channel attenuation 

while low values of ACA are expected. Conversely, when the number of branches 

is large and the electrical length is small, like in the urban case A of Table 1, deep 

spectral notches are observed across the theoretical channel attenuation while high 

values of ACA are expected. In accordance with [8, 9, 29, 30], note that LOS case 

of Table 1 is characterized by the lowest value of ACA among all the OV LV 

BPL topologies (i.e., either real or NNTGM virtual ones) since no spectral 

notches are observed. Therefore, NNTGM virtual topologies, which are generated 

by the respective indicative OV LV BPL topologies of Table 1, are expected to 

present similar theoretical channel attenuation behaviors and ACA with the ones 

of the respective indicative OV LV BPL topologies depending on the applied 

NNGTM operation settings.  

 RMS-DS: Another channel attenuation metric that assesses the multipath richness 

of a BPL channel is RMS-DS. With reference to eq. (11), RMS-DS can be 

calculated for each NNTGM virtual topology as follows: 

𝑅𝑀𝑆 − 𝐷𝑆NNTGM
OVLV,C = √

1

𝑄
∙ ∑ [|𝐻NNTGM

OVLV,C(𝑓𝑞)|dB − 𝐴𝐶𝐴NNTGM
OVLV,C ]

2
𝑄
𝑞=1                 (12) 

In fact, the RMS-DS measures the average channel attenuation distance from 

ACA. It is expected that OV LV BPL topologies with rare and shallow spectral 
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notches across their theoretical channel attenuation present low values of RMS-

DS whereas OV LV BPL topologies with frequent and deep spectral notches 

across their theoretical channel attenuation present high values of RMS-DS. 

Similarly to ACA, NNTGM virtual topologies, which are generated by the 

respective indicative OV LV BPL topologies of Table 1, are expected to present 

similar RMS-DS with the one of the respective indicative OV LV BPL topologies 

depending on the applied NNGTM operation settings. 

 From eqs. (11) and (12), it is obvious that each OV LV BPL topology can be 

characterized by a pair of values (ACA, RMS-DS) regardless of being either a real 

topology or a NNTGM virtual one. Also, the NNTGM virtual topologies are expected to 

have pairs of values that remain relatively close to the pair of values of their respective 

indicative OV LV BPL topology of Table 1 thus populating the class of the respective 

indicative OV LV BPL topology.  

 Similarly to the class maps of [18, 21, 34-36], new class maps can be plotted 

where their two axes correspond to the ACA and RMS-DS while each indicative OV LV 

BPL topology of Table 1 with its NNTGM virtual topologies can define its footprints on 

the class maps. Since NNTGM virtual topologies are expected to graphically approach 

their respective indicative OV LV BPL topology, the shape of the footprints of the 

indicative OV LV BPL topology classes concerning their relative positions and the sizes, 

depends on the applied NNTGM operation settings.  

 On the basis of the NNTGM default operation settings of Section 3.2, the impact 

of the following parameters, which have been identified in this paper, on the relative 

position and the size of the NNTGM virtual topology footprints is going to be assessed in 

the companion paper [23]: (i) The inclusion or not of the examined indicative OV LV 

BPL topology in the TIM OV LV BPL topology database during the NNTGM operation; 

(ii) the length of the distribution / branch line segments; and (iii) the number of the 

distribution / branch line segments. 

 

 

Conclusions 
 

 In this first paper, the required theory for populating OV LV BPL topology 

classes by applying NNTGM has been proposed. First, it has been introduced NNTGM as 

the new member of the family products of NNIM-based methodologies; say, NNIM-BNI 

and NNIM-LLA. In fact, it has been shown that NNTGM is based on the reverse 

procedure of the NNIM-LLA since NNTGM can generate theoretical channel attenuation 

behaviors given the topological characteristics of an indicative OV LV BPL topology, 

when appropriate NNTGM operation settings are assumed. Prior to the detailed 

presentation of NNTGM in this paper, the indicative OV LV BPL topologies of topology 

classes had been reported while the TIM OV LV BPL topology database and NNIM-

LLA, which are critical components for the operation of NNTGM, had been synopsized. 

Then, the definition of NNTGM has been given focusing on its NN behavior and its 

mathematical outputs. Apart from the NNTGM default operation settings, the parameters 

that affect the NNTGM performance and require additional study have been recognized, 

namely: (i) The inclusion or not of the examined indicative OV LV BPL topology in the 

TIM OV LV BPL topology database during the NNTGM operation; (ii) the length of the 

distribution / branch line segments; and (iii) the number of the distribution / branch line 
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segments. Actually, the aforementioned parameters are numerically evaluated in the 

companion paper of [23] for the OV LV BPL topology classes. 
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