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Abstract

In the Smart city environment, sustainable sewage and wastewater management planning plays a crucial role
in industry development. Wastewater management is a serious issue with inadequate treatment, which
reduces the smart city efficiency. Therefore, this research work concentrates on creating the Strategic
Planning Adaption framework (SP-AF) using the Recurrent Neural Networks (RNN). This framework
intends to manage the sewage and wastewater in smart cities. The sewage-related information is
continuously collected by a recurrent network that identifies and tracks the wastewater and sewage in the
smart city. The SP-AF framework analyses sustainable planning and managing wastewater by understanding
the waste origin. In addition, the framework has been generated by understanding the wastewater
knowledge, and the required actions are carried out. Then the effectiveness of the wastewater management
system efficiency is compared with the existing approaches.
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1. Introduction
Effective sewage and wastewater management are important for water pollution control and personal health
improvement through disease prevention [1]. Wastewater is generated by residential, agricultural, and industrial
activities and must be treated to eliminate anthropogenic pollutants before reuse or discharge into the
hydrological cycle [2]. Sewage and wastewater management networks comprise the physical systems of tanks,
maintenance holes, pumping systems, screens, and pipelines that transport wastewater to sewage and wastewater
management facilities for sanitation [3, 4].

Sewage and wastewater management networks collect surface water from drainage areas attributing land areas
where the wastewater drains and collects [5]. Sewage and wastewater management are artificial features inserted
into a catchment's natural water cycle [6]. Like natural channels or rivers, the sewage and wastewater
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management network structure is subject to variations in wastewater flow speed and volume [7]. Since the
length and severity of precipitation events in catchments vary with time [8], discharge [9], and the amount of
water flowing down [10] in a sewage pipe per second, it is unpredictable [11]. As a result, depending on a
catchment's reaction to a rainfall occurrence, hydraulic flow behaviour in operating sewage and wastewater
management network could vary from open channel flow to highly pressurized flow [12]. Much sewage and
wastewater management network maintenance is reactive rather than adaptive, with a reaction to blockages and
possible sewage and wastewater overflow in gravity systems occurring only after these incidents have
developed [13, 14]. Each sewage and wastewater overflow occurrence must be notified to the Environmental
Protection Agency, and contamination in protected areas would result in significant financial penalties [15].

Sewage and wastewater management systems are utilized to handle and dispose of comparatively small amounts
of wastewater collected from smaller families or clusters of residential buildings clustered at close distance and
not covered by a central sewage treatment system linking them to the nearest municipal sewer water handling
facility [16, 17]. In the sewage and wastewater management system, local sewage and wastewater collection
systems are still required [18]. It would likely be much simpler and less costly than traditional, consolidated
treatment, especially once the greywater elements have been removed from the black flow [19]. Sustainable
sewage and wastewater management planning relies on on-site wastewater processing, municipal recycling [20],
and the reuse of residential wastewater resources [21]. It has been reported that Sustainable planning schemes
prefer water recycling and reuse close to their source [22]. It is important to note that the two major historical
goals of sewage and wastewater treatment systems are to secure and assist human health by ensuring a safe
atmosphere and breaking the cycle of disease and to preserve water quality and biodiversity by preventing the
harmful consequences of unnecessary pollution discharged into the environment [23].

Therefore, this paper's strategic planning-based adaptation framework (SP-AF) has been proposed to manage the
Sewage and Wastewater planning methods in Smart cities. SP-AF aims to create an infrastructure of integrated
waste management systems based on available resources. Our SP-AF is designed to attain the following
objectives.

1. Data about the physical elements of the framework can be organized to develop sustainable sewage and
wastewater management systems.

2. Intended to develop a strategic planning-based adaptation framework to manage the sewage and
wastewater planning methods in smart cities.

3. Develop the recurrent neural network (RNN) based sewage and wastewater management system.
The architecture of the proposed work is as follows. Section 2 provides the literature study reports.
Section 3 describes the proposed framework in detail. Section 4 discusses RNN-based sewage and
wastewater management. Section 5 discusses the experimental outcomes, and Section 6 concludes with
the significant research contributions.

2. Literature Study
It has been consistently shown that the effective implementation of comprehensive sewage and wastewater
management strategies is intricately linked to ecological [24], social [25], monetary [26], and political
dimensions [27] at various scales, necessitating the active participation of a diverse range of expertise in
addition to sewage and wastewater management technicians [28].

Skambraks AK et al. [29] address the complexities of sustainable wastewater treatment and the importance of
including different viewpoints while assessing potential solutions. Decision management mechanisms (DMMs),
for example, should be structured to allow feedback from various stakeholders participating in the decision-
making system as technicians work through difficult issues [30]. Several DMMs have been designed to assist
decision-making in sewage and wastewater management. Most DMMs focus almost entirely on sewage and
wastewater treatment's technological and financial aspects [31]. In contrast, a more holistic approach that
considers societal, legal, ecological, and other aspects of sewage and wastewater management is required [32].

Wastewater management and treatment is a difficult task due to the high non-linear working conditions. An
Intelligent Automation System (IAS) was developed by Mahaut V and Andrieu H [33] to reduce manufacturing
costs and remove wastewater. The consistency of the wastewater has been calculated using various sensors and
an automation system integrated into 1AS. Wastewater treatment is essential for improved health and a safe
ecosystem [34]. An IAS-based real-time strategy in the wastewater treatment plant is used, and the results are
analyzed. There is a high need for quality assurance and fault identification in the IAS-based wastewater
treatment industry [35].
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Sun Y et al. [36] designed and developed the Decentralized Sewage Management (DSM) for the planning
strategies of the Sewage and Wastewater Management System. However, an important factor for the effective
execution of a DSM system is to provide desired water quality [37], ensure satisfactory public health safety [38],
and achieve the environmental [39] and socioeconomic targets [40] that can be realistically accomplished at a
given time.

The accelerated emergence of smart cities has generated innovative solutions for urban issue management, a
new model for urban evolution, and successful social and commercial growth. Wanjiru E and Xia X [41]
proposed Smart Wastewater Planning (SWP) to accomplish smart wastewater management, such as smart
handling of wastewater storage and disposal, discharge of treated wastewater, alerts about floods, sewage
network leaks, and contamination data, and even the wastewater recycle and reuse [42]. However, the SWP
model shows a lagging approach to capitalizing on the importance of collecting information from various
sources. In particular, a considerable volume of data is gathered and processed to satisfy operational and
regulatory requirements; unfortunately, most are never processed. The theoretical functionality of instruments is
often unrecognized, which causes barriers to sustainable growth.

Sustainable planning for sewage and wastewater plays a major role in the smart city environment, leading to
advanced development for cities and industries. Sewage and Wastewater management systems are a significant
issue in well-developed cities with an inadequate treatment process. Therefore, this paper's strategic planning-
based adaptation framework (SP-AF) has been proposed to manage the Sewage and Wastewater planning
methods in Smart cities. SP-AF aims to create an infrastructure of integrated waste management systems based
on available resources.

3. Strategic planning-based adaptation framework (SP-AP)

The functional framework of the proposed SP-AP model is built on three main premises. Initially, the
framework is based on an open architecture with clear terminology and categorizing the different technological
and non-technical facets of sustainable sewage and wastewater management. Secondly, the system can
automatically generate alternative sewage and wastewater management strategies. Finally, the framework can
accurately communicate the trade-offs between the generated alternative strategies and allow consumers to
investigate how their values affect the end outcomes. The functional framework of the planned SP-AP model is
shown in Figure 1, and it consists of many data modules and two software domains.
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Figure 1: Proposed SP-AP model

The data modules are based on an adaptation framework derived from domain-independent and domain-specific
strategies. It provides clear terminology and categorization of the different technological and non-technical
facets of sustainable sewage and wastewater management. These frameworks include device elements, the
group context, user beliefs, and the attributes and relationships each retains concerning the others. The design
development module can produce many alternate wastewater device designs simultaneously. This module is
important for understanding the variety of potential designs and promoting brainstorming between professional
and non-professional consumers. The decision support module is a simple and interactive simulation framework
that helps users quickly choose their desired design(s) by comparing trade-offs between a sample of the
strategies gathered from the previous module.

67



Planning the renovation, refurbishing, or extension of a drainage facility necessitates the participation of a
diverse group of individuals of varying experience and skills. It is well-known that using specific vocabularies
and language conventions impedes effective communication among diverse smart city communities. Using a
shared language facilitates effective dialogue by allowing diverse communities to understand and interact with
one another. Computer-based adaptation frameworks are intended to define the significance of the language
contained in a knowledge system. Adaptation frameworks enable data sources to interact semantically and
encourage adopting a similar vocabulary for the same items by various data sources. Such adaptation
frameworks are supposed to be defined by the domain population and grow as new terminology is defined.
Adaptation frameworks are being developed for many fields of research by scientists.

The design development module comprises two software domains, as shown in Figure 1. This module employs
numerical methods to aid in the automated generation of alternate wastewater treatment alternatives. The idea of
computer-based design generation has been around for a while in wastewater management. This module
employs numerical methods to aid in the automated generation of alternate wastewater treatment alternatives.
The idea of computer-based alternative design generation significantly influences sewage and wastewater
management. One of the most current and sophisticated automation approaches employs a Recurrent Neural
Network (RNN) to develop feasible drainage schemes.

In the proposed SP-AF model, the alternative design comprises a group of physically feasible components
organized together that meet the restrictions defined by the smart city community structure and handle the
community's contribution so that there are no missing outcomes from the implemented design. An alternative
design framework is a combination of elements where the elements are interconnected, but significant elements
may have significant elements that are not yet interconnected to elements. A function may be applied to an
alternative design framework if the input form matches the required output type. All of the requirements of the
traditional and current elements of the alternative design framework are met, as illustrated in Figure 2.
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Figure 2: Alternative design framework
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As modules are added, the SP-AF keeps an overview of the expenditures (convenience and neighborhood
constraints) of implementing the design. It keeps the new partial configuration in place such that the total
expenditure plus the algorithmic value is less than the threshold. It then expands the existing partial specification
with new elements (or reuses elements) in all possible respects, working from the bottom up. When a solution is
sought, the cut-off is shortened such that only a small range of interventions can be compared.

The crucial distinction between the proposed system (SP-AF) and most existing sewage and wastewater
management methods is that existing methods are comprised of a forecasted set of regulations that explore the
structure and sequence of elements. Using a predefined framework necessitates assessing the consistency of
every new variable within the original structure's sequence. These schemes use compatibility vectors, tracks (or
sequences of elements), and pairwise intersection points. Our methodology is based on a basic method for
alternative architecture development: the order and functionality of the components are not decided but are
founded. Our framework looks for element combinations identified to be compatible depending on the module's
adoption framework. The theory is that the elements should be represented in a modular fashion, such that one
element can be identified without considering how it integrates with others.

A recurrent Neural Network (RNN) in the design development module allows for discovering potential device
designs without limiting conceptual designs based on predetermined conceptions of how modules work
together. The uncertainty of the analysis could improve as the number of elements increases. The proposed
approach utilizes more advanced RNN methods once the system has reached this level. The RNN computation
technique is employed in SP-AF to automate the resource-dependence sustainable planning strategies for
sewage and wastewater management systems and the measurement of environmental effects resulting from
smart city development strategies. These technologies were designed to aid decision-making in facing dynamic
challenges with various influence variables and architecture alternatives.

4. Recurrent Neural Network (RNN) Based sewage and wastewater management system
A proposed framework is trained to discover from input source scientifically and to develop the final output
layer with the computational network. The outline structure of each layer of the anticipated RNN network is
demonstrated in Figure 3.

e () (] [

Figure 3: RNN Network

The proposed RNN network comprises an Input layer that details the data sequence of the sewage and
wastewater contaminations; the Retrieving layer provides the function retrieving order of the data on sewage
and wastewater contaminations and is utilized as input into the recurrent neural network model to variety the
hidden state; Recurrent Neural network layer enables the encoding sewage and wastewater contamination
information states based on existing feedback and previous hidden states; Synthesis layer utilized to form the
new state by accumulating the subjective total of entire previous hidden states; Output layer is utilized to
delivers the resource dependence sustainable planning strategies for sewage and wastewater management
system in smart cities.
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The proposed SP-AF model utilizes the RNN computation method to simulate the natural water source and
sewage and wastewater management, indicating wastewater treatment amenities and smart city development
strategies. This proposed framework is effectively utilized when the reference coordinates correlate with the
existing strategies to utilize uniform discharge and constant velocity. The periodical contributions are located at
vy (b=1,2,..,j), let v; = 0. The time domain can interconnect position concerning constant velocity. In the
substrate [v}, v,44], the proposed RNN model is given in Equation (1) and detailed in Figure 4.
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Figure 4: Proposed RNN model
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J _ F . N
b=1 5(% tb)Ab]. Where the term F(t) indicates the average contamination of sewage and wastewater flow,

G (t) indicates the discrepancy, MY and M§ indicate the magnitude decay parameters. §(t — t;,)AL indicates the
discrepancy function, and R(t) indicates the input point originating from t = t,, where A indicates the
randomized improvement. The input source functions f,(AL) and the initial wastewater contaminations
f(Fy, Go) = fo(F,G) at t = 0 are identified from the assumptions made.

For j th subsystem [v,, v,44], the outcomes of the proposed framework, the linear interpolation function are
indicated in the form of a generic solution for average contamination F(t) and discrepancy contamination G (t)
is given in Equations (2) and (3).
F(t) = Fyexp™Pri*1 4 3 _ AL exp=Pri+1 @)
G(t) = Gy exp "I + Fy 5, + ¥ _ AF 97, 3)

Whereas t > t;, F, indicates the average initial contaminations in wastewater, G, indicates the discrepancy in
initial contaminations, £ indicates the interpolation function, y indicates the depletion function, A the deflection
factor, and 9 indicates the Diarc factor. The interpolation factor 8, and the discrepancy factor y,, for the average
contamination F (t) and discrepancy contamination G (t) are given in Equations (4) and (5).

By = Yo Lh(tnss — t) + (1 - 5b,j+1) Mf_y (ty — tp_y) + 5b,j+1Ml};—1(tb —tp-1) (4)

Yo = X0t MG (tyyr — tn) + (1 - 5b,j+1) Mgy (ty — ty—y) + 5b,j+1Mg—1(tb —tp-1) (5)
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Where ME and M$ indicate the decay parameters for the average and discrepancy contaminations, t, indicates
the time duration for n simulations and t, indicates the time duration for b numerical computations. The
interpolation function is represented in the expressed solutions for average contamination F(t) and discrepancy
contamination G (t) is given in Equations (6) and (7).

1911: = g:b prf(exp—ﬁb,nﬂ—ynﬂ,bﬂ — exp—ﬁb‘n—ﬁn,bﬂ) (6)
uF
pn = Mz;Tbl"’zI; ()

Whereas &, indicates the Kronecker formulation, pf indicates the formulated parameter, and it is given as 8, =
yp = 0. Based on the information given, sewage and wastewater contaminations are indicated as Gaussian
formulation, which indicates the undefined parameters and utilization of these wastewater contaminations in the
proposed framework. Based on the interpolation, the initial wastewater contaminations F, and G, are expressed
as bivariate Gaussian formulations and given in Equation (8).

1 1 (F-por)?*  2u(Fo—@or)(Go—voc) |, (Go—9o,c)* }
o) - gt [ _temaoma @)
f (o, Go) 2mporpocii-iz P\ 20— | pip PoF P0G PG ®)

Where ¢, and ¢, indicate the statistical average, p3 » and pZ ; indicate the variance of the initial wastewater
contaminations F, and G,, respectively. u indicates the interpolation coefficient of the two consecutive
variables. The boundaries are pgp, fog > 0,—% < pop,Pog < +o0 and —1 < pu < +1. The consecutive
distributions of initial wastewater contaminations F, and G, are expressed in Gaussian formulation and given in
Equations (9) and (10).

=1 _M)

-1 _M>
f(GO) - mexp( Zpg,(; (10)

Whereas the b th source input (b = 1,2, ..., n), if the statistical average and variance are ¢, and p,, respectively.
The optimal sewage and wastewater management can be formulated in Equations (11) and (12).

FolF) = e exp (- E5222) (11)
£2(6) = e—exp (- 52Y) (12

Whereas —o0 < ¢, < +,p, > 0. The excellence of the Gaussian form provides the optimal F(t) and G (t) of
sewage and wastewater management at the time domain t > ¢, are expressed and given in Equations (13) and
(14).

f(F,t) = —’2:[? exp (— (G;fé’)z) (13)
f(@G,t) = ﬁexp (— (F;Zé’)z) (14)

The reaction analysis depends on the amount of ecological damage that differs according to several harmful
contaminations and has a non-linear influence. The relationship parameters evaluated the correlation between
toxic states and the susceptibility of ecosystems. Systematic data filtrations, laboratory experiments, historical
information, direct outcomes, and literature study observations have been utilized to manage the standards to
ensure a sensible relationship between hazards and ecosystem vulnerability in sewage and wastewater
management in the smart city context.

Sewage and Wastewater management systems are a significant issue in well-developed cities with inadequate
treatment. Therefore, this paper's strategic planning-based adaptation framework (SP-AF) has been developed to
manage the Sewage and Wastewater planning methods in Smart cities. SP-AF aims to create an infrastructure of
integrated waste management systems based on available resources. To track the movement of people and
promote the sewage and wastewater management system, SP-AF has been implemented. In SP-AF, Recurrent
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Neural Network (RNN) gathers and analyses the knowledge about a city. SP-AF made it easier to analyze and
manage the sustainable planning for Sewage and Wastewater form by knowing the origin of the waste.

5. Experimental Outcomes and Discussion

The introduced SP-AF model effectiveness and qualitative analysis are illustrated in this section. During the
numerical simulation evaluation, 20 user reports are engaged to obtain 50 fog nodes. The proposed model treats
an integrated server as a data analyzer. This proposed model utilizes the predefined form for obtaining the data
from 10 controlled intervals. The data processing capacity of the integrated server is 1TB with an analyzing
speed of 2.4GHz. The experimental outcomes are analyzed using significant metrics like accuracy, efficiency,
error rate, and system reliability. To ensure the consistency of the proposed framework, a comparative analysis
with existing approaches like Decision management mechanisms (DMMs), Intelligent Automation systems
(1AS), Decentralized Sewage Management (DSM), and Smart Wastewater Planning (SWP) is performed.

Accuracy Analysis
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Figure 5(a) Accuracy Figure 5(b) Accuracy
(Controlling Intervals) (Fog Nodes)

The proposed framework's accuracy increases for predefined controlling intervals and fog nodes, as given in
Figures 5(a) and 5(b). In this situation, the initial step is to gather multisensor information and analyze whether
the developed strategy is structured or unstructured. The accuracy ratio is improved based on the proposed
model, which is organized to sensor data. If the strategy is unstructured, the indication signal to the people in
smart city communities is transferred, and it is given as F, exp 17+t + ¥ | AL exp~F1J*1. The data in the
RNN model is transferred from the fog nodes to the integrated server. The outcome is given as an indication
signal. The indication signal is transferred promptly, and the information applies to the sequence of the existing
data. This sequence is structured on the RNN model, distinguishing the structured or unstructured sewage and
wastewater management data. The quantity of data gathered from input sensor modules is interpolated with
structured or unstructured data identification. In this evaluation stage, the accuracy ratio is improved, and the
optimal sewage and wastewater management method is determined. The indication signal is not transferred
when the sewage and wastewater management is properly structured; otherwise, the indication signal is
transmitted. The controlled intervals are utilized in this framework to identify and measure the proposed
framework performance in real-time.
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Efficiency Analysis
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In Figures 6(a) and 6(b), the efficiency of the proposed framework increases for increments in controlling
intervals and fog nodes evaluated under the RNN computation method. When the sewage and wastewater
management system in smart cities is in an emergency, the information is gathered from the people involved and
corresponds to the RNN simulation data. These experimental outcomes are in the form of an indication signal if
the data is structured. This approach improves the system efficiency and is expressed as G, exp "/*1 +
Fo0f; + X}_, AF 9F ;. As it is constructed on the RNN computation method. Structured or unstructured data
extraction can be evaluated at better transmission speeds and data processing duration. Thus, an emergency and
sewage and wastewater management indication is achieved. Information is regularly monitored, and the
structured or unstructured status is identified during data processing. The facility is provided on time and is
interconnected to the nonstop data processing at this evaluation stage. The historical state charting and data
synthesis were done for the sewage and wastewater management Framework. The charting method is
interconnected to the usage ratio of the pre-planned work. In this stage, fog nodes are applied to communicate
the data and measure the outcomes on time to the RNN platform. The fog nodes are then accountable for
resource dependence on sustainable planning strategies for sewage and wastewater management systems in
smart cities and achieve an optimal outcome for the indication signal. Equations (4, and 5) detail the service
provided to the smart city environment on sewage and wastewater management.

Error rate Analysis
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The error rate for varying fog nodes and the controlled intervals declined in the proposed framework and
improved the proposed model consistency, as detailed in Figures 7(a) and 7(b). The data is transferred to the fog

_ 2
nodes and observes the interconnection with the developed framework and given as [(Fp#'”—
0,F

2u(Fo—¢o,r)(Go—9o,6) + (Go—90,6)*
@o,F Po,G PsG
the charting technique makes the prediction. The prediction is interconnected to the historical state of sewage
and wastewater management, influencing the low cost of sewage and wastewater management surveillance. The
service outcome is transferred on schedule and designates a higher accuracy class in the proposed system
evaluation. The suggested analysis minimizes the reaction time to regulate the information from the input sensor
structures when the accuracy increases. In the multi-model categories, the information is obtained, charting is
done, and the approved model is utilized to identify the information and explore the results. In this experimental
analysis, the demand for sewage and wastewater management is interconnected to the evacuation, and the
results are given. The matching process responds when an emergency occurs, and the recommendation on
sewage and wastewater management is given on time. In case of emergencies, the indication signal is sent to the
people involved in sewage and wastewater management on time, and it is formulated as (F_(‘;—”)z. The

Po,F
dissimilar statistics were considered and formulated from ongoing sewage and wastewater treatment.

. The information is distinguished, structured or unstructured data is found, and

System Reliability Analysis
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The system reliability of the proposed framework for controlling intermissions and fog nodes maximizes and
explores improved performance compared to the other four traditional methods, as demonstrated in Figures 8(a)
and 8(b). The utilization of the information from the historical condition is measured, and effective sewage and
wastewater management is indicated as 7(60:2’)0'@2. Here, the detachment from the vertices is utilized to discover
0,G

and transfer the data to the nearer node. The data utilization is attained by the reflection of verification and input
sensor information in this data processing. In this stage, utilization is made for several data from the multi-
model network, searching for nearby nodes is continued, and the experimental outcomes are obtained. The
information sets are used to recognize and perceive the information and the resemblances to the historical
condition. The emergency is recognized, and dataset points for actual sharing are evaluated in this assessment
method. The alternative strategies are tested on time to utilize data gathered effectively. This analysis utilizes
the approval paradigm that employs the feedback system. The input is mined from the optimal sewage and
wastewater treatment and provides the accurate charting of outcomes. This approach is provided with the
approximation of the better processing of the historical condition. The experimental outcomes for the fog node
and controlling intervals are listed in Tables 1 and 2.

Table 1: Experimental outcomes for fog node

Significant Metrics DMMs IAS DSM SWP SP-AF
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Accuracy (%) 61.02 63.85 72.29 45.18 95.49

Efficiency (%) 63.42 55.49 61.72 77.02 99.36
Error Rate (%) 64.42 62.81 72.11 62.18 20.15
System Reliability (%) 91.08 90.89 91.98 95.74 99.44

Table (1) provides the experimental outcomes of the proposed framework (SP-AF) for fog nodes. It exhibits
better outcomes in all significant metrics than traditional techniques like DMMs, I1AS, DSM, and SWP. The
comparative study proposed a framework with the conventional methods, the accuracy, efficiency, and system
reliability by 36.09%, 36.17%, and 8.41%. It declined the error rate by 68.72%.

Table 2: Experimental outcomes for controlling intervals

Significant Metrics DMMs IAS DSM SWP SP-AF
Accuracy (%) 57.14 61.06 70.12 43.11 95.81
Efficiency (%) 61.14 52.89 61.09 72.02 99.45
Error Rate (%) 57.61 56.12 64.54 56.45 19.15
System Reliability (%) 83.45 83.15 82.15 85.82 99.84

Table (2) provides the proposed framework (SP-AF) experimental outcomes for controlling intervals. It
provides much better experimental outcomes in accuracy, efficiency, error rate, and system reliability by
95.81%, 99.45%, 19.15%, and 99.84%, respectively. Simultaneously, the traditional DMMs approach for
controlling intervals provides poor experimental outcomes in all significant metrics. A comparative analysis was
made between the proposed framework with the traditional approaches. The proposed framework improves
accuracy, efficiency, and system reliability by 40.36%, 38.52%, and 66.75%, respectively, and declines the error
rate by 16.41%.

6. Conclusion

In this research strategic planning-based adaptation framework (SP-AF) has been developed to manage the
Sewage and Wastewater planning methods in Smart cities. SP-AF aims to create an infrastructure of integrated
waste management systems based on available resources. To track the movement of people and promote the
sewage and wastewater management system, SP-AF has been implemented. In SP-AF, Recurrent Neural
Network (RNN) gathers and analyses the knowledge about a city. SP-AF made it easier to analyze and manage
the sustainable planning for Sewage and Wastewater form by knowing the origin of the waste. AF is implanted,
and the knowledge to be notified with the centers for wastewater treatment would take the necessary action. An
experimental analysis evaluated the performance of SP-AF -based on various waste treatment methods. Finally,
the proposed method proved that the SP-AF Works with High Accuracy and a lesser error rate.

References

[1] Chofreh AG, Goni FA, Zeinalnezhad M, Navidar S, Shayestehzadeh H, Kleme§ JJ. Value chain
mapping of the water and sewage treatment to contribute to sustainability. Journal of environmental
management. 2019 Jun 1,239:38-47.

[2] Capodaglio AG, Olsson G. Energy issues in sustainable urban wastewater management: Use, demand
reduction and recovery in the urban water cycle. Sustainability. 2020 Jan;12(1):266.

[3] Beheshti M, Sagrov S. Sustainability assessment in strategic management of wastewater transport
system: a case study in Trondheim, Norway. Urban Water Journal. 2018 Jan 2;15(1):1-8.

75




[4] Mu’azu ND, Abubakar IR, Blaisi NI. Public acceptability of treated wastewater reuse in Saudi Arabia:
Implications for water management policy. Science of the Total Environment. 2020 Jun
15;721:137659.

[5] Hussain MI, Muscolo A, Farooq M, Ahmad W. Sustainable use and management of non-conventional
water resources for rehabilitation of marginal lands in arid and semiarid environments. Agricultural
water management. 2019 Jul 20;221:462-76.

[6] Karrupusamy P, Chen J, Shi Y. Sustainable communication networks and application. Lecture Notes
on Data Engineering and Communications Technologies. 2020:65-72.

[7] Tang M, Yin J, Alazab M, Cao JC, Luo Y. Modelling of Extreme Vulnerability Disclosure in Smart
City Industrial Environments. IEEE Transactions on Industrial Informatics. 2020 Sep 7.

[8] Abdel-Basset M, Manogaran G, Mohamed M, Rushdy E. Internet of things in smart education
environment: Supportive framework in the decision-making process. Concurrency and Computation:
Practice and Experience. 2019 May 25;31(10):e4515.

[9] Gopikumar S, Banu JR, Robinson YH, Shanmuganathan V, Kadry S, Rho S. Novel framework of GIS-
based automated monitoring process on environmental biodegradability and risk analysis using Internet
of Things. Environmental Research. 2021 Mar 1;194:110621.

[10]Hsu CH, Alavi AH, Dong M. Interactive personalized recommendation systems for human health.

[11]Gupta D, Rani S, Ahmed SH, Garg S, Piran MJ, Alrashoud M. ICN-Based Enhanced Cooperative
Caching for Multimedia Streaming in Resource Constrained Vehicular Environment. IEEE
Transactions on Intelligent Transportation Systems. 2021 Jan 8.

[12] Srivastava G, Lin JC, Jolfaei A, Li Y, Djenouri Y. Uncertain-driven analytics of sequence data in loCV
environments. IEEE Transactions on Intelligent Transportation Systems. 2020 Aug 6.

[13]Prerna D, Tekchandani R, Kumar N, Tanwar S. An Energy-Efficient Cache Localization Technique for
D2D Communication in loT Environment. IEEE Internet of Things Journal. 2020 Oct 6.

[14] Abdel-Basset M, Mohamed R, Elhoseny M, Chang V. Evaluation framework for smart disaster
response systems in uncertainty environment. Mechanical Systems and Signal Processing. 2020 Nov
1;145:106941.

[15]Yu KH, Zhang Y, Li D, Montenegro-Marin CE, Kumar PM. Environmental planning is based on
reducing, reusing, recycling, and recovering using artificial intelligence. Environmental Impact
Assessment Review. 2021 Jan 1;86:106492.

[16]Gao K, Anandhan P, Kumar R. Analysis and evaluation of the regional air quality index forecasting
based on web-text sentiment analysis method. Environmental Impact Assessment Review. 2021 Mar
1;87:106514.

[17] Sathishkumar VE, Venkatesan S, Park J, Shin C, Kim Y, Cho Y. Nutrient Water Supply Prediction for
Fruit Production in Greenhouse Environment Using Artificial Neural Networks. InBASIC &
CLINICAL PHARMACOLOGY & TOXICOLOGY 2020 Apr 1 (Vol. 126, pp. 257-258). 111 RIVER
ST, HOBOKEN 07030-5774, NJ USA: WILEY.

[18] Manickam A, Devarasan E, Manogaran G, Chilamkurti N, Vijayan V, Saraff S, Samuel RJ,
Krishnamoorthy R. Bio-medical and latent fingerprint enhancement and matching using advanced
scalable soft computing models. Journal of Ambient Intelligence and Humanized Computing. 2019
Oct;10(10):3983-95.

[19] Castro Fernandez MF, Castro Alfaro AF, Diaz Casallas DM, Montenegro Marin C, Simanca Herrera
FA, Paéz Paéz J, Cortes Méndez J. Analysis of environmental impacts associated with water quality of
the Bogota river. The Arctic. 2020 May 25.

[20] Srivastava S, Saxena S, Buyya R, Kumar M, Shankar A, Bhushan B. CGP: Cluster-based gossip
protocol for dynamic resource environment in cloud. Simulation Modelling Practice and Theory. 2021
Apr 1;108:102275.

[21]1Xu X, Han M, Nagarajan SM, Anandhan P. Industrial Internet of Things for smart manufacturing
applications using hierarchical trustful resource assignment. Computer Communications. 2020 Jul
1;160:423-30.

[22] Gupta D, Rani S, Ahmed SH, Garg S, Piran MJ, Alrashoud M. ICN-Based Enhanced Cooperative
Caching for Multimedia Streaming in Resource Constrained Vehicular Environment. IEEE
Transactions on Intelligent Transportation Systems. 2021 Jan 8.

[23]Rhoades AM, Jones AD, Srivastava A, Huang H, O'Brien TA, Patricola CM, Ullrich PA, Wehner M,
Zhou Y. The Shifting Scales of Western US Landfalling Atmospheric Rivers Under Climate Change.
Geophysical Research Letters. 2020 Sep 16;47(17):¢2020GL089096.

[24] Ahmed Sleem,Ibrahim Elhenawy, Survey of Artificial Intelligence of Things for Smart Buildings: A
closer outlook, Journal of Intelligent Systems and Internet of Things, Vol. 8 , No. 2, (2023) : 63-71
(Doi : https://doi.org/10.54216/J1S10T.080206)

76



[25] Cossio C, Norrman J, McConville J, Mercado A, Rauch S. Indicators for sustainability assessment of
small-scale wastewater treatment plants in low and lower-middle income countries. Environmental and
Sustainability Indicators. 2020 Jun 1;6:100028.

[26] Worku H. Rethinking urban water management in Addis Ababa in the face of climate change: An
urgent need to transform from traditional to sustainable system. Environmental Quality Management.
2017 Dec;27(1):103-19.

[27]Noura Metawa,Nawazish Mirza, An Analysis Framework to Study the Effects of Green Finance on
Sustainable Smart Cities, American Journal of Business and Operations Research, Vol. 7, No. 2 ,
(2022) : 56-67 (Doi : https://doi.org/10.54216/AJBOR.070205)

[28] Capodaglio AG. Integrated, decentralized wastewater management for resource recovery in rural and
peri-urban areas. Resources. 2017 Jun;6(2):22.

[29] Skambraks AK, Kjerstadius H, Meier M, Davidsson A, Wuttke M, Giese T. Source separation sewage
systems as a trend in urban wastewater management: Drivers for the implementation of pilot areas in
Northern Europe. Sustainable cities and society. 2017 Jan 1;28:287-96.

[30] Casal-Campos A, Sadr SM, Fu G, Butler D. Reliable, resilient and sustainable urban drainage systems:
an analysis of robustness under deep uncertainty. Environmental science & technology. 2018 Jul
16;52(16):9008-21.

[31] Cipolletta G, Ozbayram EG, Eusebi AL, Akyol C, Malamis S, Mino E, Fatone F. Policy and legislative
barriers to close water-related loops in innovative small water and wastewater systems in Europe: A
critical analysis. Journal of Cleaner Production. 2021 Mar 15;288:125604.

[32] Shaddel S, Bakhtiary-Davijany H, Kabbe C, Dadgar F, @sterhus SW. Sustainable sewage sludge
management: From current practices to emerging nutrient recovery technologies. Sustainability. 2019
Jan;11(12):3435.

[33] K. Shankar, Recent Advances in Sensing Technologies for Smart Cities, International Journal of
Wireless and Ad Hoc Communication, Vol. 1 , No. 1 , (2020) : 05-15 (Doi
https://doi.org/10.54216/1IJWAC.010101)

[34]Cruz H, Law YY, Guest JS, Rabaey K, Batstone D, Laycock B, Verstraete W, Pikaar I. Mainstream
ammonium recovery to advance sustainable urban wastewater management. Environmental science &
technology. 2019 Sep 4;53(19):11066-79.

[35] Capodaglio AG. Fit-for-purpose urban wastewater reuse: Analysis of issues and available technologies
for sustainable multiple barrier approaches. Critical Reviews in Environmental Science and
Technology. 2020 May 13:1-48.

[36]Sun Y, Garrido-Baserba M, Molinos-Senante M, Donikian NA, Poch M, Rosso D. A composite
indicator approach to assess the sustainability and resilience of wastewater management alternatives.
Science of The Total Environment. 2020 Jul 10;725:138286.

[37]Zhu D, Chang YJ. Urban water security assessment in the context of sustainability and urban water
management transitions: An empirical study in Shanghai. Journal of Cleaner Production. 2020 Dec
1;275:122968.

[38] Eggimann S, Truffer B, Feldmann U, Maurer M. Screening European market potentials for small
modular wastewater treatment systems—an inroad to sustainability transitions in urban water
management?. Land Use Policy. 2018 Nov 1;78:711-25.

[39]Qu J, Wang H, Wang K, Yu G, Ke B, Yu HQ, Ren H, Zheng X, Li J, Li WW, Gao S. Municipal
wastewater treatment in China: Development history and future perspectives. Frontiers of
Environmental Science & Engineering. 2019 Dec;13(6):1-7.

[40] Sonawane, C., Alrubaie, A.J., Panchal, H., Chamkha, A.J., Jaber, M.M., Oza, A.D., Zahmatkesh, S.,
Burduhos-Nergis, D.D., and Burduhos-Nergis, D.P., 2022. Investigation on the Impact of Different
Absorber Materials in Solar Still Using CFD Simulation—Economic and Environmental Analysis.
Water (Switzerland), 14(19).

[41]Wanjiru E, Xia X. Sustainable energy-water management for residential houses with optimal integrated
grey and rain water recycling. Journal of cleaner production. 2018 Jan 1;170:1151-66.

[42]Harris-Lovett S, Lienert J, Sedlak DL. Towards a new paradigm of urban water infrastructure:
identifying goals and strategies to support multi-benefit municipal wastewater treatment. Water. 2018
Sep;10(9):1127.

77



