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In [1], Neural Network Topology Generator Methodology (NNTGM) has 
been theoretically proposed, so that its generated overhead low-voltage 
broadband over power lines topologies (NNTGM OV LV BPL topologies) 
may populate the existing OV LV BPL topology classes. Apart from the 
methodology, NNTGM default operation settings and the applied 
performance metrics, such as the average theoretical channel 
attenuation (ACA) and the root mean square delay-spread (RMS-DS), 
have been presented in [1]. In this companion paper, the new OV LV 
BPL topology class maps, which are defined by the graphical 
combination of ACA and RMS-DS of the OV LV BPL topologies, are 
shown. With reference to the graphical combination of ACA and RMS-DS, 
NNTGM OV LV BPL topology footprints for given indicative OV LV BPL 
topology are demonstrated on the OV LV BPL topology class maps. The 
impact on the relative position and the size of the NNTGM OV LV BPL 
topology footprints is assessed with reference to the following factors 
that affect the preparation of the Topology Identification Methodology 
(TIM) OV LV BPL topology database being used during the NNTGM 
operation, namely: (i) The inclusion or not of the examined indicative OV 
LV BPL topology; (ii) the length of the distribution / branch line segments; 
and (iii) the number of the distribution / branch line segments. The 
performance assessment of NNTGM is supported by suitable Graphical 
Performance Indicators (GPIs). 
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Introduction 
 

In Broadband over Power Lines (BPL) networks, populating BPL topology 

classes can become a crucial task for optimizing network performance and reliability. 

Neural Network Topology Generator Methodology (NNTGM) that has been theoretically 

proposed in [1] addresses this need by generating overhead low-voltage BPL topologies 

(NNTGM OV LV BPL topologies) based on the indicative OV LV BPL topologies of the 

topology classes, thus simulating channel attenuation behavior for NNTGM virtual 

topologies that maintain the same topological characteristics as the indicative ones. 
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Actually, NNTGM, which is the new member of the neural network identification 

methodology (NNIM) -based family products; say, neural network identification 

methodology for the branch number identification (NNIM-BNI) [2] and neural network 

identification methodology for the line length approximation (NNIM-LLA) [3-5], 

enhances the speed of populating OV LV BPL topology classes, thus facilitating better 

planning and management of OV LV BPL networks. Exploiting artificial intelligence 

(AI), machine learning (ML) and neural network (NN) features, the ability of NNTGM to 

create virtual topologies that imitate the characteristics of real-world topologies may 

allow communications engineers to predict and mitigate potential issues, leading to more 

robust and resilient communication systems [6-8]. Therefore, the adoption of NNTGM 

for populating OV LV BPL topology classes offers a significant advancement in the field 

of BPL networks, ensuring efficient and reliable network operation. 

To examine the statistical and graphical similarity of the NNTGM OV LV BPL 

topologies with the respective indicative OV LV BPL topologies and to evaluate the 

procedure of populating of the OV LV BPL topology classes, new class maps have been 

described in [1] and are going to be implemented in this companion paper. The new class 

maps exploit the NNTGM performance metrics; say, the average theoretical channel 

attenuation (ACA) and the root mean square delay-spread (RMS-DS) [9]. With reference 

to other versions of class maps that have been used in OV LV BPL topologies so far  

[10]-[13], the OV LV BPL topology class maps, which are based on the graphical ACA / 

RMS-DS combination, allows the graphical examination of the vicinity of the NNTGM 

OV LV BPL topologies to their respective indicative OV LV BPL topologies while the 

group of the NNTGM OV LV BPL topologies defines the NNTGM virtual topology 

footprint. 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 assessed in this companion paper through the prism of the Graphical 

Performance Indicators (GPIs); say, the percentage of the NNTGM OV LV BPL 

topologies that remain inside the OV LV BPL topology class of their respective 

indicative OV LV BPL topology and the percentage of the NNTGM OV LV BPL 

topologies that remain inside specific ACA / RMS-DS limits with respect to their 

indicative OV LV BPL topology. In accordance with [1] and with reference to the class 

maps and the GPIs, the impact of the following parameters on the NNTGM virtual 

topology footprints is going to be assessed, namely: (i) The inclusion or not of the 

examined indicative OV LV BPL topology in the Topology Identification Methodology 

(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. 

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

maps with respect to the indicative OV LV BPL topologies of [1]. Then, the 

superimposition of NNTGM virtual topology footprints on the class maps and the 

application of GPIs are analyzed when the NNTGM default operation settings of [1] are 

adopted. In Section 3, the impact of the aforementioned parameters of the NNTGM 

default operation settings on the NNTGM virtual topology footprints and GPIs is 

assessed. Section 4 concludes this paper. 
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OV LV BPL Topology Class Maps and NNTGM Default Operation Settings 
 

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

representative ones of the four main OV LV BPL topology classes of [1, 10-14] are here 

adopted. With respect to these OV LV BPL topology classes, the OV LV BPL topology 

class map, which is based on the graphical ACA / RMS-DS combination, is first 

presented with reference to the NNTGM default operation settings of [1]. Then, 

NNTGM virtual OV LV BPL topologies per indicative OV LV BPL topology are 

graphically grouped into the respective NNTGM virtual topology footprints that are 

going to be superimposed on the class maps. Finally, GPIs that are going to be applied 

across the result presentation of this companion paper are reported. 

 

OV LV BPL Topologies and Respective Topology Classes 
 As already mentioned in [1, 3, 15-19], OV LV BPL networks are divided into 

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

BPL topology is shown in Figure 1 of [1]. In Table 1 of [1], the topological 

characteristics for the four indicative OV LV BPL topologies of interest –i.e., Line-Of-

Sight (LOS) case, rural case, suburban case and urban case A– are reported. The 

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

respective OV LV BPL topology classes, which have extensively been used until now [10, 

12, 13]. Deterministic Hybrid Model (DHM), which describes the BPL signal 

propagation and transmission across the OV LV BPL topologies [16, 17, 20-26], is here 

used for evaluating the theoretical channel attenuation of the four indicative OV LV BPL 

topologies with reference to the NNTGM default operation settings analyzed in [1]. Then, 

NNTGM performance metrics of ACA and RMS-DS that are going to be used in class 

maps are calculated for the four indicative OV LV BPL topologies. 

 In Figure 1, the OV LV BPL topology class map, which is based on the graphical 

ACA / RMS-DS combination of the four indicative OV LV BPL topologies, is plotted 

with reference to ACA and RMS-DS when the NNTGM default operation settings of [1] 

are applied. From Figure 1, the following observations can be made: 

 In accordance with [16, 20, 27, 28], LOS case is characterized by the lowest value 

of ACA among all the OV LV BPL topologies. Since no spectral notches are 

observed, low value of RMS-DS is also shown. Anyway, LOS case is a unique 

OV LV BPL topology and there is no need for supporting an OV LV BPL 

topology class with NNTGM virtual topologies. In the rest of this companion 

paper, LOS case is not presented on the class maps and is not populated by 

NNTGM virtual topologies. 

 In accordance with [10, 11, 16, 17, 20], in general terms, as the number of 

branches of the OV LV BPL topologies increases, their theoretical channel 

attenuation described by DHM is getting higher thus entailing higher values of 

ACA. Conversely, as the length of branches of the OV LV BPL topologies 

decreases, their theoretical channel attenuation described by DHM is getting 

higher due to the resulting stressed multipath environment thus entailing higher 

values of RMS-DS. The combination of the aforementioned two general 

principles of the OV LV BPL topologies explains the ranking and the position of 

the four indicative OV LV BPL topologies on the class map of Figure 1.  
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 In order to define the OV LV BPL topology class areas, the class borderlines that 

spatially demarcate the class areas are roughly derived as the median lines 

between the neighboring indicative OV LV BPL topologies that anyway define 

the class areas. Beyond that, around each indicative OV LV BPL topology, the 

ACA / RMS-DS box of ±10% is here defined and represented with dashed lines 

around each examined topology in Figure 1, resulting from the variation of ±10% 

in the values of ACA and RMS-DS of the examined topology. 

 

 

 
Fig. 1.  OV LV BPL topology class map when the NNTGM default operation settings are applied. 

 

 

OV LV BPL Topology Class Map and NNTGM Virtual Topology Footprints 
 NNTGM virtual topologies are expected to present similar theoretical channel 

attenuation behaviors, ACA and RMS-DS with the ones of the respective indicative OV 

LV BPL topologies but not the same ones. This inherent property of NNTGM virtual 

topologies securely allows populating of the OV LV BPL topology classes given the 

indicative OV LV BPL topology in each case. In accordance with the NNTGM default 

operation settings of [1], 100 NNTGM virtual topologies are assumed to be generated per 

each indicative OV LV BPL topology thus forming the respective NNTGM virtual 

topology footprints.  

 In Figure 2, the OV LV BPL topology class map of Figure 1 enhanced with the 

NNTGM virtual topology footprints of the rural case, suburban case and urban case A is 

presented. Observing Figure 2, it is evident that 100 NNTGM virtual topologies are 

related with each indicative OV LV BPL topology thus defining respective footprints that 

remain inside the respective class area in all the classes examined. In fact, the majority of 

the NNTGM virtual topologies remain significantly close to the respective indicative OV 

LV BPL topologies and inside the ACA / RMS-DS box of ±10% in each case. 
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Fig. 2.  OV LV BPL topology class map with NNTGM virtual topology footprints of the three 
indicative OV LV BPL topologies when the NNTGM default operation settings are applied. 
 

 

 On the basis of the aforementioned observations regarding the extent and the 

relative position of NNTGM virtual topology footprints in Figure 2, two GPIs can be 

defined in order to evaluate the populating of the OV LV BPL topology classes, namely: 

 Inside the class: This GPI has to do with the percentage of the NNTGM OV LV 

BPL topologies that remain inside the OV LV BPL topology class of their 

respective indicative OV LV BPL topology, and 

 Inside the box: The percentage of the NNTGM OV LV BPL topologies that 

remain inside the ACA / RMS-DS box of ±10% with respect to their indicative 

OV LV BPL topology. 

With reference to Figure 2, the aforementioned GPIs are applied to the NNTGM OV LV 

BPL topologies of the three OV LV BPL topology classes and are reported in Table 1. 

Indeed, the three NNTGM virtual topology footprints remain tightly near their respective 

indicative OV LV BPL topologies when the NNTGM default operation settings are 

assumed. 100% of the NNTGM OV LV BPL topologies remain inside the OV LV BPL 

topology class regardless of the examined indicative OV LV BPL topologies while the 

majority of the NNTGM OV LV BPL topologies (i.e., above 84%) remain inside the 

ACA / RMS-DS box of ±10% of the examined indicative OV LV BPL topologies. From 

Table 1, it is evident that NNTGM default operation settings may support NNTGM 

virtual topology footprints of reduced extents with positions that stand close to the 

indicative OV LV BPL topologies of origin. 

The impact of the parameters of the NNTGM default operation settings on the 

relative position and the size of the NNTGM virtual topology footprints can further be 

graphically examined and numerically assessed by GPIs so that footprints of custom  
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Table 1. GPIs of the NNTGM OV LV BPL topologies of the three OV LV BPL 

topology classes (NNTGM default operation settings are applied) 

GPI 

OV LV BPL topology class 

Rural case class Suburban case class Urban case A class 

Inside the class (%) 100 100 100 

Inside the box (%) 84 99 100 

 

relative positions and size can later be produced on demand. In accordance with [1] and 

with reference to the class maps and the GPIs, the effect of certain parameters of the 

NNTGM default operation settings of [1] on the NNTGM virtual topology footprints is 

going to be assessed in the following Section. 

 

 

The Impact of the Different NNTGM Operation Settings on the NNTGM 
Virtual Topology Footprints 
 

 In this Section, the effect of the following parameters of the NNTGM default 

operation settings of [1] on the NNTGM virtual topology footprints is going to be 

investigated, 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 segments. 

 

Excluding Indicative OV LV BPL Topologies from TIM OV LV BPL Topology 
Database and Its Impact on NNTGM Virtual Topology Footprints 
 In accordance with [1], the NNTGM default operation settings assume that the 

inclusion of the indicative OV LV BPL topology in the TIM OV LV BPL topology 

database during the operation of NNTGM for given indicative OV LV BPL topology is 

the default option of the parameter. Indeed, 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) of 

[1]. The concept for including the indicative OV LV BPL topology in the TIM OV LV 

BPL topology aims at preserving the representativeness principle of [3] for the TIM OV 

LV BPL topology database rather than enhancing the richness and the diversity of the 

applied big data.  

 In this subsection, the option of excluding the indicative OV LV BPL topology 

from the TIM OV LV BPL topology database during the operation of NNTGM for given 

indicative OV LV BPL topology is investigated. Anyway, the theoretical study of the 

aforementioned exclusion, which is the variant option of the parameter, concerning the 

total number of the OV LV BPL topologies that are added in the TIM OV LV BPL 

topology database has been given in eq. (10) of [1]. Here, the preservation of the 

representativeness of the TIM OV LV BPL topology database is challenged through 

excluding the indicative OV LV BPL topology from the TIM OV LV BPL topology 

database while the remaining NNTGM default operation settings of [1], which anyway 

support NNTGM virtual topology footprints of reduced extents as presented in Section 

2.2, remain the same. 

 In Figure 3, the OV LV BPL topology class map and the NNTGM virtual 

topology footprints of the rural case, suburban case and urban case A are illustrated when 

the NNTGM default operation settings are applied but the indicative OV LV BPL 



 

Peer-Reviewed Article   Trends in Renewable Energy, 10 

 

Tr Ren Energy, 2024, Vol.10, No.3, 315-334. doi: 10.17737/tre.2024.10.3.00182 321 

 

topologies are excluded from the TIM OV LV BPL topology database in each examined 

case. With reference to Figure 3, the GPIs of Section 2.2 are applied to the NNTGM 

virtual topology footprints of the rural case, suburban case and urban case A and their 

values are reported in Table 2. 

 Comparing Figure 3 and Table 2 with Figure 2 and Table 1, respectively, it is 

evident that the representativeness of the TIM OV LV BPL topology database still occurs 

even though the indicative OV LV BPL topologies have been excluded from the TIM OV 

LV BPL topology database. In fact, all the NNTGM virtual topology footprints after the 

exclusion of the indicative OV LV BPL topologies present almost the same extents, 

relative positions and GPIs with all the respective NNTGM virtual topology footprints 

occurring with the inclusion of the indicative OV LV BPL topologies. Anyway, the 

NNTGM default operation settings allow the TIM OV LV BPL topology database to 

consist of OV LV BPL topologies presenting similar channel attenuation behavior to the 

examined indicative OV LV BPL topology in each case. Therefore, the exclusion of the 

indicative OV LV BPL topology little affects NNTGM virtual topology footprints and 

corresponding GPIs. Anyway, like the other NNIM-based family products, NNTGM is a 

stochastic methodology where AI, ML and NN coexist and for that reason small GPI 

percentage differences are expected even for executions of the same set of NNTGM 

operation settings. In the following Section, the impacts of the length of the distribution 

line segments and the number of the distribution line segments on the NNTGM virtual 

topology footprints are benchmarked. 

 

 

The Impact of Distribution Line Parameters of the NNTGM Default Operation 
Settings on NNTGM Virtual Topology Footprints 
 In accordance with [1], the NNTGM default operation settings assume that the 

length of the distribution line segments and their number are equal to 1m and 1, 

respectively. In fact, the length and the number of distribution line segments affect the 

degree of variation of the amplitude of the coupling scheme channel transfer functions of 

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

that further is going to affect the NNTGM results.  

 

Length of Distribution Line Segments of the NNTGM Default Operation Settings and 

NNTGM Virtual Topology Footprints 

 In Figure 4(a), the OV LV BPL topology class map and the NNTGM virtual 

topology footprints of the rural case, suburban case and urban case A are illustrated when 

the NNTGM default operation settings are applied but the length of the distribution line 

segments is equal to 10m. In Figure 4(b), similar plots are given with Figure 4(a) but the 

length of the distribution line segments is equal to 50m. With reference to Figures 4(a) 

and 4(b), the GPIs of this companion paper are applied to the NNTGM virtual topology 

footprints of the rural case, suburban case and urban case A and their values are 

comparatively reported in Table 3. 
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Fig. 3.  OV LV BPL topology class map with NNTGM virtual topology footprints of the three 
indicative OV LV BPL topologies when the NNTGM default operation settings are applied but the 
indicative OV LV BPL topologies are excluded from the TIM OV LV BPL topology database. 
 

 

 

Table 2. GPIs of the NNTGM OV LV BPL topologies of the three OV LV BPL 

topology classes (NNTGM default operation settings are applied without the 

indicative OV LV BPL topologies during the preparation of TIM OV LV BPL 

topology database) 

GPI 

OV LV BPL topology class 

Rural case class Suburban case class Urban case A class 

Inside the class (%) 100 100 100 

Inside the box (%) 85 99 100 
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Fig. 4.  OV LV BPL topology class map with NNTGM virtual topology footprints of the three 
indicative OV LV BPL topologies when the NNTGM default operation settings are applied and 
various lengths of the distribution line segments are considered. (a) 10m, (b) 50m 
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Table 3. GPIs of the NNTGM OV LV BPL topologies of the three OV LV BPL 

topology classes (NNTGM default operation settings are applied with various 

lengths of the distribution line segments) 

GPI 

OV LV BPL topology class  

(Distribution line segment length) 

Rural case class Suburban case class Urban case A class 

(10m) (50m) (10m) (50m) (10m) (50m) 

Inside the 

class (%) 
100 100 100 100 100 100 

Inside the 

box (%) 
75 82 10 9 99 85 

 

Comparing Figures 4(a), 4(b) with Figure 2, it is evident that the change of the 

distribution line parameter values of the NNTGM default operation settings has a direct 

impact on the size and the relative position of the NNTGM virtual topology footprints of 

the examined indicative OV LV BPL topologies. Indeed, as the length of the distribution 

line segments changes, the NNTGM virtual topology footprints move away from their 

indicative OV LV BPL topology while their extents get wider thus sparsely populating 

the respective OV LV BPL topology classes. Although the NNTGM virtual topology 

footprints cover greater regions of their respective OV LV BPL topology class, they 

remain strictly within the class boundaries with reference to Table 3.  

Comparing “inside the box” GPIs of Tables 3 with the ones of Table 1, it is 

evident that the length change of the distribution line segments critically affects the 

position of the NNTGM virtual topology footprints in relation with the ACA / RMS-DS 

box of ±10% of their respective indicative OV LV BPL topologies. The movement and 

the wider extents of the NNTGM virtual topology footprints of Figures 4(a) and 4(b) are 

reflected on lower values of their respective “inside the box” GPIs. More specifically, the 

“inside the box” GPIs of the NNTGM virtual topology footprints of the suburban case are 

the most affected ones by the change of the lengths of the distribution line segments since 

the two branches of the indicative suburban case allow NNTGM to enrich the respective 

TIM OV LV BPL topology database with OV LV BPL topologies that vary regarding 

their channel attenuation behavior as well as their multipath environment due to the 

branch movement. In a similar way, the change of the lengths of the distribution line 

segments has a less severe effect on the “inside the box” GPIs of the NNTGM virtual 

topology footprints of the rural case, since the one electrically long branch of the 

indicative rural case does not allow NNTGM to significantly enhance the diversity of the 

respective TIM OV LV BPL topology database. In contrast, the different versions of the 

anyway heavy multipath environment of the indicative urban case A that come from the 

length increase of the distribution line segments and are included in the TIM OV LV BPL 

topology database has a small effect on the “inside the box” GPIs of the NNTGM virtual 

topology footprints of the urban case A.  

 From the perspective of sparse populating of classes, the increase of the length of 

the distribution line segments mainly supports sparse NNTGM virtual topology footprints 

for the suburban class. In the following subsections, apart from the length, the impact of 

the number of distribution line segments of the NNTGM default operation settings that is 

expected to focus in a similar way to this subsection on the diversity and the high number 

of OV LV BPL topologies in the TIM OV LV BPL topology database is investigated. 
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Number of Distribution Line Segments of the NNTGM Default Operation Settings and 

NNTGM Virtual Topology Footprints 

 In Figure 5, the OV LV BPL topology class map and the NNTGM virtual 

topology footprints of the rural case, suburban case and urban case A are illustrated when 

the NNTGM default operation settings are applied but the number of the distribution line 

segments is equal to 2. With reference to Figure 5, the GPIs of this companion paper are 

applied to the NNTGM virtual topology footprints of the rural case, suburban case and 

urban case A and their values are reported in Table 4. 

Comparing Figure 5 with Figures 4(a) and 4(b), it is evident that the number 

increase of the distribution line segments of the NNTGM default operation settings 

presents similar results with the length increase of the distribution line segments on the 

size and the relative position of the NNTGM virtual topology footprints of the examined 

indicative OV LV BPL topologies but in a more drastic way for the suburban case. As the 

position of the NNTGM virtual topology footprints is concerned, even if the default 

length of the distribution line segments, which is assumed to be equal to 1m, is assumed, 

the number increase of the distribution line segments achieves to move almost the entire 

NNTGM virtual topology footprint of the suburban case outside the ACA / RMS-DS box 

of ±10% of the indicative suburban case. Conversely, the NNTGM virtual topology 

footprints of the rural case and the urban case A remain inside the ACA / RMS-DS boxes 

of ±10% of the respective indicative OV LV BPL topologies. Anyway, all the NNTGM 

virtual topology footprints remain inside the classes of the respective indicative OV LV 

BPL topologies. In comparison with Figure 2, the NNTGM virtual topology footprints of 

Figure 5 present comparable relative positions and extents with the ones of Figure 2 

except for the NNTGM virtual topology footprint of the suburban case that is 

significantly dislocated with larger extent due to the fact that OV LV BPL topologies of 

lengths of distribution line segments that are equal to 2 x 1m = 2m are also included in 

the TIM OV LV BPL topology database in accordance with eq. (5) of [1]. In comparison 

with Figures 4(a) and (b), the extent of the NNTGM virtual topology footprints of Figure 

5 is significantly reduced than the ones of OV LV BPL topologies with the increased 

lengths of the distribution line segments of the NNTGM default operation settings.  

Synoptically, the impact of the changes of the lengths and the number of 

distribution line segments of the NNTGM default operation settings on the NNTGM 

virtual topology footprints of the examined indicative OV LV BPL topologies present 

similarities concerning their position, their extent and the affected indicative OV LV BPL 

topologies. In accordance with GPIs, the most affected NNTGM virtual topology 

footprint from the distribution line segment parameter changes of the NNTGM default 

operation settings is the one of the suburban case as well as the one of the rural case but 

in lower intensity. The changes of the distribution line segment parameters of the 

NNTGM default operation settings little affect the NNTGM virtual topology footprints of 

the urban case A. In the following subsection, the impacts of the length and the number 

of the branch line segments on the NNTGM virtual topology footprints are examined. 
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Fig. 5.  OV LV BPL topology class map with NNTGM virtual topology footprints of the three 
indicative OV LV BPL topologies when the NNTGM default operation settings are applied and 2 
distribution line segments are considered. 
 

 

Table 4. GPIs of the NNTGM OV LV BPL topologies of the three OV LV BPL 

topology classes (NNTGM default operation settings are applied when 2 

distribution line segments are assumed) 

GPI 

OV LV BPL topology class 

Rural case class Suburban case class Urban case A class 

Inside the class(%) 100 100 100 

Inside the box (%) 100 1 100 

 

 

The Impact of Branch Line Parameters of the NNTGM Default Operation Settings 
on NNTGM Virtual Topology Footprints 
 In accordance with [1], the NNTGM default operation settings assume that the 

length of the branch line segments and their number are equal to 1m and 1, respectively. 

In fact, the length and the number of branch line segments affect the number and the 

depth of the notches of the amplitude of the coupling scheme channel transfer functions 

of the OV LV BPL topologies being included in the TIM OV LV BPL topology database 

that further are going to affect the corresponding NNTGM results.  

 

Length of Branch Line Segments of the NNTGM Default Operation Settings and NNTGM 

Virtual Topology Footprints 

 In Figure 6(a), the OV LV BPL topology class map and the NNTGM virtual 

topology footprints of the rural case, suburban case and urban case A are plotted when 

the NNTGM default operation settings are applied but the length of the branch line 

segments is equal to 4m. In Figure 6(b), similar plots are given with Figure 6(a) but the 

length of the branch line segments is equal to 8m. With reference to Figures 6(a) and 

6(b), the GPIs of this companion paper are applied to the NNTGM virtual topology 
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footprints of the rural case, suburban case and urban case A and their values are 

comparatively reported in Table 5. 

Comparing Figures 6(a) and 6(b) with Figures 4(a) and 4(b), it is clear that the 

length change of the branch line segments of the NNTGM default operation settings has 

an opposite effect on the NNTGM virtual topology footprints of the examined indicative 

OV LV BPL topologies in relation with the impact of length increase of the distribution 

line segments. In fact, the length increase of the branch line segments primarily affects 

the NNTGM virtual topology footprints of the rural case and urban case A. The number 

and the lengths of the branches determine the number and the depth of the spectral 

notches across the coupling scheme channel transfer functions of the OV LV BPL 

topologies being included in the TIM OV LV BPL topology database; say, the intensity 

of the multipath environment of the OV LV BPL topologies. As the length of the branch 

line segments changes, the NNTGM virtual topology footprints spread rapidly away from 

the respective indicative OV LV BPL topologies with wide extents thus sparsely 

populating the respective OV LV BPL topology classes. In the case of the length increase 

of the branch line segments of this subsection, the NNTGM virtual topology footprints of 

rural case and urban case A cover great regions that are beyond their respective OV LV 

BPL topology class borderlines in many times.   

Comparing GPIs of Tables 5 and 3, the opposite effect of the length increase of 

the branch line segments on the NNTGM virtual topology footprints of the examined 

indicative OV LV BPL topologies with respect to the length increase of the distribution 

line segments is quantitatively verified. As the “inside the class” lines of Table 5 are 

concerned, the “inside the class” GPIs of the NNTGM virtual topology footprints of the 

rural case are the only affected ones by the change of the length of the branch line 

segments. As the “inside the box” lines of Table 5 are regarded, the “inside the box” GPIs 

of the NNTGM virtual topology footprints of primarily the urban case A and of 

secondarily the rural case are the most affected. In the aforementioned cases, NNTGM 

enriches the respective TIM OV LV BPL topology database with OV LV BPL topologies 

that vary regarding their channel attenuation behavior in terms of the number and the 

depth of notches. In fact, the “inside the box” GPI deterioration for the NNTGM virtual 

topology footprints of the urban case A is greater when the length of the branch line 

segments is equal to 4m rather than 8m. 

From the perspective of sparsely populating the OV LV BPL topology classes, the 

increase of the length of the branch line segments mainly supports sparse NNTGM 

virtual topology footprints for the rural and urban classes. Here, it should be highlighted 

the complementary NNTGM operation of the change of the length of the branch line 

segments of this subsection to the one of the change of the length of the distribution line 

segments, which has been presented in Section 3.2.1. Except for the increase of the length 

of the branch line segments, the impact of the number of branch line segments of the 

NNTGM default operation settings on the NNTGM virtual topology footprints is 

investigated in the following subsection. 
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Fig. 6.  OV LV BPL topology class map with NNTGM virtual topology footprints of the three 
indicative OV LV BPL topologies when the NNTGM default operation settings are applied and 
various lengths of the branch line segments are considered. (a) 4m. (b) 8m. 
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Table 5. GPIs of the NNTGM OV LV BPL topologies of the three OV LV BPL 

topology classes (NNTGM default operation settings are applied with various 

lengths of the branch line segments) 

GPI 

OV LV BPL topology class  

(Branch line segment length) 

Rural case class Suburban case class Urban case A class 

(4m) (8m) (4m) (8m) (4m) (8m) 

Inside the 

class (%) 
80 78 100 100 100 100 

Inside the 

box (%) 
61 56 100 99 1 78 

 

 

Number of Branch Line Segments of the NNTGM Default Operation Settings and 

NNTGM Virtual Topology Footprints 

 In Figure 7, the OV LV BPL topology class map and the NNTGM virtual 

topology footprints of the rural case, suburban case and urban case A are drawn when the 

NNTGM default operation settings are applied but the number of the branch line 

segments is equal to 2. With reference to Figure 7, the GPIs of this companion paper are 

applied to the NNTGM virtual topology footprints of the rural case, suburban case and 

urban case A and their values are reported in Table 6. 

Comparing Figure 7 with Figures 6(a) and 6(b), it is obvious that the number 

increase of the branch line segments of the NNTGM default operation settings intensifies 

the NNTGM virtual topology footprint behavior that has been analyzed in the previous 

subsection where the length increase of the branch line segments has been studied. 

Indeed, the NNTGM virtual topology footprints of rural case and urban case A still 

spread away from the respective indicative OV LV BPL topologies demonstrating wide 

extents. GPIs of Table 6 indicate that the NNTGM virtual topology footprints of rural 

case and urban case A sparsely populate the respective OV LV BPL topology classes 

with “inside the class” GPIs that are equal to 93% and 29%, respectively, when the 

respective “inside the class” GPIs of Table 5 for the scenario of the length increase of the 

branch line segments were 78%-80% and 100%. But the real critical effect of the number 

increase of the branch line segments occurs when the “inside the box” GPIs of Table 6 

are discussed. The vast majority of the NNTGM OV LV BPL topologies of the NNTGM 

virtual topology footprints of rural case and urban case A lie outside the ACA / RMS-DS 

boxes of ±10% of the respective indicative OV LV BPL topologies while the NNTGM 

virtual topology footprint of suburban case starts to go away from the ACA / RMS-DS 

boxes of ±10% of the indicative suburban case not being observed so far in the scenarios 

of the length increase of the branch line segments of Figures 6(a) and 6(b). In contrast 

with the impact of the distribution line parameters on NNTGM virtual topology footprints 

of Section 3.2, the extent of the NNTGM virtual topology footprints is significantly 

increased when higher numbers of branch line segments are assumed than the ones of OV 

LV BPL topologies with increased lengths of the branch line segments. In total, the 

impact of the changes of the lengths and of the number of branch line segments of the 

NNTGM default operation  
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Fig. 7.  OV LV BPL topology class map with NNTGM virtual topology footprints of the three 
indicative OV LV BPL topologies when the NNTGM default operation settings are applied and 2 
branch line segments are considered. 
 

 

Table 6. GPIs of the NNTGM OV LV BPL topologies of the three OV LV BPL 

topology classes (NNTGM default operation settings are applied when 2 branch 

line segments are assumed) 

GPI 

OV LV BPL topology class 

Rural case class Suburban case class Urban case A class 

Inside the class (%) 93 100 29 

Inside the box (%) 23 79 0 

 

settings on the NNTGM virtual topology footprints of the examined indicative OV LV 

BPL topologies present similarities concerning their position, their extent and the affected 

indicative OV LV BPL topologies but differences with the impact of the changes of the 

lengths and the number of distribution line segments of the NNTGM default operation 

settings. In accordance with GPIs, the most affected NNTGM virtual topology footprints 

from the branch line segment parameter changes of the NNTGM default operation 

settings are the ones of the urban case A and the rural case but also the NNTGM virtual 

topology footprint of the suburban case may be affected when the number of branch line 

segment gets increased.  

In conclusion, from the perspective of generating virtual topologies for populating 

OV LV BPL topology classes, the previous findings concerning the impacts of 

distribution and branch line parameter changes of the NNTGM default operation settings 

on NNTGM virtual topology footprints may offer a plethora of populating scenarios. 

Depending on the distribution and branch line parameter of the NNTGM default 

operation settings, various shapes of NNTGM virtual topology footprints may be 

generated in terms of their position and extent with respect to their indicative OV LV 

BPL topologies. Therefore, OV LV BPL topology classes can be populated by NNTGM 
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virtual topologies of different characteristics that may be defined by the user taking into 

account his simulation scenario requirements. 

 

 

Conclusions 
 

 In this companion paper, the numerical results for populating OV LV BPL 

topology classes by applying NNTGM are demonstrated and analyzed. In [1], the theory 

for populating OV LV BPL topology classes by applying NNTGM has been given. With 

reference to the class maps and the GPIs, the impact of the following NNTGM 

parameters on the NNTGM virtual topology footprints, whose significance has already 

been identified in [1], has been assessed, 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 segments. First, as the inclusion of the examined 

indicative OV LV BPL topology in the TIM OV LV BPL topology database is 

concerned, NNTGM virtual topology footprints and GPIs of the indicative OV LV BPL 

topologies have shown that the TIM OV LV BPL topology database remains robust after 

the exclusion of the examined indicative OV LV BPL topology thus having small effect 

on the NNTGM class maps and footprints. Second, the length increases of the 

distribution and branch line segments of NNTGM default operation settings have 

complementary impacts on the NNTGM virtual topology footprints of the indicative OV 

LV BPL topologies. In fact, the length increase of the distribution line segments mainly 

moves and extends the NNTGM virtual topology footprints of the suburban case while 

the increase of the branch line segments mainly affects the position and extent of the 

NNTGM virtual topology footprints of the urban case A and the rural case. The 

aforementioned complementary behaviors offer an important tool for NNTGM in order to 

efficiently populate various OV LV BPL topology classes in various patterns. Third, the 

number increases of the distribution and branch line segments of NNTGM default 

operation settings present similar impacts on the NNTGM virtual topology footprints of 

the indicative OV LV BPL topologies of this pair of paper with the ones of the length 

increases of the distribution and branch line segments, respectively, but in a more drastic 

way with reference to GPIs of this paper. Concluding this pair of papers, NNTGM can 

generate theoretical channel attenuation behaviors given the topological characteristics of 

an indicative OV LV BPL topology, when appropriate NNTGM default operation 

settings are assumed, while the tuning of NNTGM operation settings may offer a plethora 

of populating scenarios for OV LV BPL topology classes that may be defined by the user 

taking into account his simulation scenario requirements. 
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