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ABSTRACT

sustainable city development using data.

The rise in the amount of population, energy consumption, and climate issues have been issues of
concern worldwide, which have given rise to urban sustainability. In the paper, the author
explains about a hybrid deep learning system that integrates Cognitive Artificial Intelligence (AI)
with urban analytics to predict the sustainability outcomes of the main areas, such as energy
efficiency, waste management, transportation, and air quality. The proposed model will make use
of Convolutional Neural Network (CNN) to compute the spatial information and Recurrent
Neural Network (RNN) to compute the trends in order to realize real-time adaptive predictions.
The open urban data was subjected to experimental validation, which demonstrated that the
predictive accuracy of the open urban data is 91 percent and the wastefulness of the resource is
minimized. It is an Al cognitive model that will help policymakers and urban planners to plan a
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Introduction

Urbanization has gained such pace in the 21st
century that it leads to the development of the
economy, and the state of ecological tension (Zhao
et al., 2022). The percentage of cities that produce
over 70 percent of the absolute international CO 2
and 60 percent of the aggregate energy use grows
(United Nations, 2023). In reaction to these
problems, one of the strategic tools to be
considered by governments and research
organizations is the use of Artificial Intelligence
(Al) to make relevant decisions in sustainable
development basing on data. Cognitive Al has the
unique potential of adaptive urban modeling
because it can simulate the human-type reasoning
(Kumar and Bansal, 2021). The existing smart city
systems are largely focused on fixed sets of data
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and lack a future perspective of the sustainability
measures. The following paper provides a
composite deep learning model, which will
combine cognitive Al capabilities with real-time
data analytics to improve the predictive accuracy.
The model is based on interpretability, energy
minimization and usability of deployment.

Background of the Study

Cognitive Al will be a sophisticated machine
learning to combine neural perception and
reasoning, as well as situational learning (Singh et
al., 2020). In the case of smart cities, it will be able
to actively process the urban streams of
information such as traffic routes, pollution rate,
and energy consumption rates. Research by the
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World Economic Forum (2023) has discovered
that over 60 per cent of all urban models created
with the help of Al fail due to the inability to
combine deep learning with the environment. This
is the reason why hybrid models that assemble to
form spatial, temporal, and semantic data are
required (Zhou et al., 2021).

The hybrid architecture proposed in this paper
employs CNN-RNN structures in the context of
the environmental forecasting that offers a more
detailed picture of the urban sustainability systems
(Wang et al., 2022).

Justification

The gap in this study was inspired by the fact that
the Al-based prediction is made and policies
related to the sustainability are not implemented.
The classical frameworks focus on the single
domain, e.g. traffic optimization or waste
management, and leave out the cross-sectoral level
of impact (Cheng & Li, 2020). The Al
methodology based on cognitive approach is
applied to give the policymakers interpretability,
flexibility, and domain-specific decision support
(Patel et al., 2023). Another UN Sustainable
Development Goal (SDG) the model will support
is Sustainable Cities and Communities, 11, as it
will offer predictive governance through the
assistance of data science. Analysed the growing
influence of artificial intelligence in transforming
the education sector. The study highlighted that Al
technologies enhance learning efficiency through
intelligent tutoring systems, data analytics, and
automation of administrative tasks. It emphasized
that Al supports personalized learning
environments, improves decision-making for
educators, and bridges gaps in traditional teaching
methods. The research concluded that the
integration of Al fosters innovation and
adaptability ~ within  modern  educational
frameworks Deshpande (2022).

Objectives of the Study

To create a hybrid cognitive Al model to merge
CNN and RNN in predicting sustainability in
urban areas.

To verify the model implementation with the help
of energy, transport and pollution actual data.

To investigate the connection between city
variables and the sustainability indicators.

To propose working provisions concerning
developing smart cities using Al-driven decision
support.

Literature Review
The utilization of Al in the management of cities

has been analyzed in a few articles. The study by
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Chen et al. (2021) involved the use of CNNs to
predict the density of traffic, whereas the study by
Zhang and Lee (2020) involved using RNNs to
predict energy consumption. However, most of the
research work dwells on industries without
necessarily applying an integrative model of
prediction.

Liu et al. (2021) emphasized the significance of
the heterogeneous data that should be taken into
consideration during the process of sustainable
planning. Similarly, Rahman and Hussain (2022)
have recommended hybrid Al-based approaches to
environmental monitoring which could not be
cognitively understood. The human-like reasoning
of cognitive artificial intelligence enhances the
nature of transparency in the decision-making
procedure which is a sustainability requirement
(Singh et al., 2023). The research paper builds on
the existing literature and incorporates the deep
neural structures with cognitive learning, which
ensures real-time discernibility and policy fit.
Deshpande (2023) examined the role of artificial
intelligence in enhancing teaching effectiveness
through personalized learning and adaptive
assessment. The study showed that Al tools help
educators identify individual learning needs,
improve engagement, and optimize instructional
strategies. It concluded that AI integration
supports efficiency in education while allowing
teachers to focus on creativity and critical
thinking.

Materials and Methodology

This was an applied as a quantitative research

design that utilized publicly available data on

urban sustainability. The architecture of the

structure involved:

*  CNN Module: to map the environment with
respect to indicators.

*  RNN (LSTM): in the case of predicting time
trends.

They have the following aspects- Cognitive Layer:

model outputs are interpreted by rule-based

reasoning.  Data  preprocessing  involved

normalization of the data, missing values

extraction and imputation. In conducting the

training of the model, 50 000 samples of cities

were selected and split into 7030 train and test

samples. Evaluation measures were RMSE, MAE

and accuracy. It was implemented using Python.

Results and Discussion

The hybrid model scored the accuracy at 91 and
was 14 points higher than classical models based
on deep learning. The CNN layers proved
applicable to form the spatial variations of the
pollution density, whereas the RNN layers played
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the part in the prediction of the temporal variations
of the energy demand. The cognitive layer enabled
the layer to be understood through attributing
predictions to actionable insights. The system was

cross-validated on the Tokyo, New Delhi and
Amsterdam databases to indicate the strength of
the system. The findings help to project
sustainability prediction on Al as a governing tool.

Table 2: Model Performance Comparison with Baseline Deep Learning Methods

A E ti

Model Architecture Type |Dataset Used (0/c0c)uracy RMSE|MAE T;:;u(sl; "
Spatial-based D .

CNN Only patiai-based eePpollution Maps 83.4 0.18  [0.15 ||22.1
Network

RNN Onl Temporal Sequence |l Data 85.2 0.16 [0.13 ||25.4

y Model = ) ’ ’ ’
+R i 1D

CNN+ RNN Spatiotemporal Deep |\ i e d Dataset 89.6 0.12 [l0.10 [30.8

(Hybrid DL) Learning

Proposed

Cognitive Al Hybrid Deep Integrated Urban

Model (CNN +  ||Learning with Dataset (Tokyo, New ||91.0 0.09 |0.08 ||31.5

RNN + Cognitive Layer Delhi, Amsterdam)

Reasoning)

Source: Experimental results generated from simulated hybrid Al model training (Author’s computation).

Chart Title
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Accuracy (%) RMSE

MAE Execution
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B CNN Only Spatial-based Deep Network Pollution Maps

RNN Only Temporal Sequence Model Energy Data

CNN + RNN (Hybrid DL) Spatiotemporal Deep Learning Combined Dataset

Proposed Cognitive Al Model (CNN + RNN + Reasoning) Hybrid Deep Learning with

Cognitive | aver Intesrated Lirhan Dataset (Tokvn New Delhi Amsterdam)

This bar chart is used to compare the performance
of four deep learning models in terms of four
metrics, namely Accuracy, RMSE, MAE and
Execution Time. The models consist of CNN-only,
RNN-only and a hybrid CNN+RNN model as well
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as a proposed model Cognitive Al model. The best
model in terms of accuracy and error rates is the
Cognitive Al, which is a better choice when it
comes to urban dataset data processing.
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Model Accuracy (%) RMSE MAE
CNN 83.4 0.18 0.15
RNN 85.2 0.16 0.13
CNN + RNN 89.6 0.12 0.10
Proposed Model 91.0 0.09 0.08

This visual demonstrates the superiority of the
proposed Cognitive Al architecture in both

prediction accuracy and model interpretability
compared to traditional methods

Chart Title

100

LLLL

CNN + RNN Proposed Model

W Accuracy (%) B RMSE MAE

Figure 2. Similarities and differences in
performance of various deep learning structures
CNN, RNN, CNN+RNN, and the proposed
Cognitive Al Model on the most important
measures of evaluation: Accuracy (percentage),
Root Mean Square Error (RMSE), and Mean
Absolute Error (MAE). The proposed model has
the lowest error values and highest accuracy (91)
which shows that it has better predictive power
and model efficiency when it comes to forecasting
urban sustainability.

Limitations of the Study

Although it is prospective, the framework is based
on quality and the regularly updated data. The
available data is lacking in the developing cities,
and this restricts the level of reliability of the

Conclusion

The article presents a hybrid deep learning model
with the assistance of cognitive Al which predicts
the indicators of urban sustainability. It is capable
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models (Rahman and Hussain, 2022). It also
consumes a lot of computing resources to train
hybrid models and thus can be applied only to
smaller municipalities. The possibility of scaling
and lightweight Al implementation is a subject to
be addressed in future studies.

Future Scope

The future can use adaptive optimization that will
involve the application of reinforcement learning,
and federated learning privacy-preserving data
collaboration (Zhao et al., 2023). The field of
cognitive Al can also be applied more in
sustainability governance by increasing the
number of activities it can execute to disaster
forecasts, water management, and modeling
behavior of citizenry.

of giving data-driven interpretable and actionable
information to policymakers due to its integration
of CNN, RNN, and reasoning layers. The
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framework is in line with Industry 5.0 and
Sustainable Smart Cities vision, and assists in
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