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• This unit introduces trainees to machine learning regression and
recommendation methods. Trainees will also become familiar to
handle regression problems related to smart cities. Trainees will
also become familiar to handle forecasting problems related to
smart cities.
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• Describe the basic machine learning regression techniques.
• Demonstrate a learning algorithm in a smart city related regression

problem.
• Demonstrate a forecasting algorithm in a time-series smart city

related problem.
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• Regression
• Regression Algorithms
• Evaluation of a Regression Algorithm
• Application of a regression algorithm in a smart city related problem
• Time series forecasting
• Application of a forecasting algorithm in a smart city related problem
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• Machine Learning – Supervised machine learning
• Regression algorithm, regressor
• Artificial Neural Network, Linear Regression, Random Forest
• Time-Series Forecasting
• Forecasting algorithms
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• The main difference between regression and classification is that
regression is used to predict continuous values, while classification is
used to predict discrete values.

• For example, regression can be used to predict a person's age, while
classification can be used to predict whether a person is male or
female.
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• A smart city regression problem could involve predicting the amount
of energy that will be used in a particular smart city over a given
period of time.

• The problem could involve using data from weather reports,
population and economic indicators, historical energy usage data,
and other relevant factors to develop a predictive regression model
that will provide more accurate estimations of energy consumption.

• This model could be used by smart city planners to better allocate
and manage energy resources.
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• The application of a regression algorithm to a dataset begins
with understanding the data and the type of regression
algorithm that is best suitable for the problem.

• After selecting the algorithm and preprocessing the data, the
next step is to train the model using a training dataset.

• After training the model, it is important to analyze the
performance of the regression model using various evaluation
metrics.

• Finally, the trained model can be used on the test dataset to
make predictions.
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• K-Nearest Neighbors
• Linear Regression
• Support Vector Machines
• Artificial Neural Networks
• Model Trees
• Random Forests
• Gradient Boosted Trees
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• Mean absolute error (MAE): It is the average of the absolute
errors between the predicted values and the actual values.

• Mean square error (MSE): The MSE is the sum of the squared
differences between the estimated values and the true values.

• Root Mean Squared Error (RMSE): RMSE is calculated by taking
the square root of the mean square error (MSE).
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• R-squared (R²):

• RootMeanSquared Logarithmic Error (RMSLE):

• MeanAbsolutePercentageError (MAPE):
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Cross-validation is a technique
used to train and machine learning
models on different subsets of data.
It involves splitting the dataset into a
number of folds and using each fold
to train and test the model.
The number of folds is typically set to
five, although this can vary
depending on the size of the dataset.
Each fold is used to test the model’s
performance a single time, and the
overall results are averaged out in
order to obtain an overall
assessment of the model’s
generalization ability.
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• A regression algorithm can be used to predict waste
management cost in a smart city.

• The model can be used to predict waste management costs by
taking into account various inputs such as waste generation rate,
transport cost, and landfill capacity etc.

• It is also a powerful tool to analyze and understand how changes
in these parameters will affect the waste management costs.

• The regression model can also be used to identify the optimal
strategies that can reduce the overall cost of waste
management.
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• Google Colab is a cloud-based notebook environment that excels in
collaborative work, data analysis, and machine learning tasks.

• Colab comes with many pre-installed Python libraries commonly used in data
science and machine learning, such as NumPy, pandas, matplotlib. This saves
time and effort in setting up the environment.

• Google Colab provides free access to Graphics Processing Units (GPUs) and
Tensor Processing Units (TPUs). This is particularly advantageous for training
machine learning models that require significant computational power.

• You can write and execute python code, save and share your analyses, and
access powerful computing resources, all for free from your browser.

• To start working with Colab you first need to log in to your google/gmail
account, then go to this link https://colab.research.google.com

https://colab.research.google.com/
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• Training a learning algorithm in Google Colab

• Press Shift+Enter to execute the cell in colab cell
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• name: Name of
municipality

• tc: Cost per capita
eur

• cres: residual cost
per capita

• csor: Sorted cost per
caputa

• Istat: National code
• area: km2
• pop: population
• alt: altitude m.s.l.
• isle: dummy

municipality on isle
• sea: dummy coastal

municipality

• pden: population density
(people per km2)

• wden: waste per km2
• urb: urbanization index (1

low, 3 high)
• fee: fee scheme
• d_fee: dmmy PAYT
• sample: Reg with PAYT
• organic: organic %
• paper: paper%
• glass: glass %
• wood: wood %
• metal: metal %
• plastic: plastic %
• raee: raee %
• texile: texile %

• other: other %
• msw_so: msw sorted kg
• msw_un: msw unsorted kg
• msw : Municipal solid waste kg
• sor: Share of sorther waste
• geo: 1 South, 2 Center, 3 North
• roads: Km of roads within the

municipality
• s_wteregio: Share of sw sent to W2E

plants - regional figure
• s_landfill: share of waste to landifil
• gdp: Municipal revenues EUR (p) - log
• proads: People per km of roads (log)
• wage: Taxable income EUR (p) - log
• finance: Municipal revenues EUR (p) -

log
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• Application of random forest in waste management cost
prediction
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• Some of the features for waste management cost prediction are more important
than the others meaning that they have the biggest influence in a prediction model
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https://colab.research.google.com/drive/1U_a3KuUxTLx3u_TKh-Ee8rZaZXR-
CAZO?usp=sharing

https://colab.research.google.com/drive/1U_a3KuUxTLx3u_TKh-Ee8rZaZXR-CAZO?usp=sharing
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• Traffic Flow Optimization: Regression algorithms can be used to
analyze real-time traffic patterns and adjust lights and signal
timings accordingly.

• Energy Demand Forecasting: Regression models can be used to
forecast energy demand so that utilities can plan their energy
output accordingly.

• Pollution Analysis: Regression algorithms can be used to forecast
air and water quality in areas of a smart city in order to identify
pollution sources and their implications for public health.
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• Smart cities are increasingly relying on data-driven analytics to improve the quality
of life for their citizens.

• One such time series problem could be predicting the demand for mobility services
like ride-sharing.

• This problem involves forecasting the number of times people will utilize ride-
sharing services in the future, such as during peak travel seasons, in different areas
of the city, and for different purposes.

• This problem would involve looking at historical travel data, such as the number of
people using ride-sharing apps for the past few years, in order to make predictions
about future demand.

• Additionally, it would require analyzing the impact of external factors such as
special events, weather patterns, socioeconomic phenomena, and other similar
variables that could affect travel demand.
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• The most widely used time series algorithms for smart cities
include the Autoregressive Integrated Moving Average (ARIMA)
model and support vector machine (SVM).

• ARIMA is a predictive model that uses past data points to
forecast future values. It is useful for making predictions about
urban dynamics such as traffic, energy supply and demand, air
pollution levels, etc.

• SVM is an algorithm used for regression problems, which can be
used to predict urban dynamics such as crime, disease spread,
transport demands, etc.
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• The first step is to gather data on current conditions such as air
pollution levels, population density, weather information, traffic
patterns, and other relevant factors.

• This data can be used to develop predictive models that will
allow cities to forecast air quality levels in the future.

• It is important to consider factors such as the seasonal variation
in air quality along with emission sources such as factories and
vehicles to ensure accurate forecast.
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• Simple example for pollution Forecasting (Open data:
https://www.kaggle.com/datasets/fedesoriano/air-quality-
data-in-india)

https://www.kaggle.com/datasets/fedesoriano/air-quality-data-in-india
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• Evaluation with 3-cross validation
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https://colab.research.google.com/drive/1C7X9XIkToFLL1Bbr9PPPuHEHnyXo
QIMa?usp=sharing

You can save a copy in your drive to execute the code from your PC via
colab.

https://colab.research.google.com/drive/1C7X9XIkToFLL1Bbr9PPPuHEHnyXoQIMa?usp=sharing
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• Traffic Congestion
• Parking Availability
• Water Usage
• Energy Consumption
• Crime Activity
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• Banga, A., Ahuja, R., & Sharma, S. C. (2021). Performance analysis of
regression algorithms and feature selection techniques to predict PM2.5 in
smart cities. International Journal of System Assurance Engineering and
Management, 14(S3), 732-745. https://doi.org/10.1007/s13198-020-01049-9

• Yu, Z., Zheng, X., Huang, F., Guo, W., Sun, L., & Yu, Z. (2020). A framework
based on sparse representation model for time series prediction in smart
city. Frontiers of Computer Science, 15(1). https://doi.org/10.1007/s11704-
019-8395-7

• Alfarraj, O. (2021). Regression learning assisted efficient energy harvesting
method for smart city environment. Sustainable Energy Technologies and
Assessments, 44, 101003. https://doi.org/10.1016/j.seta.2021.101003

https://doi.org/10.1007/s13198-020-01049-9
https://doi.org/10.1007/s11704-019-8395-7
https://doi.org/10.1016/j.seta.2021.101003
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• Banga, A., Ahuja, R., & Sharma, S. C. (2022). Stacking Regression Algorithms to Predict
PM2.5 in the Smart City Using Internet of Things. Recent Advances in Computer
Science and Communications, 15(1).
https://doi.org/10.2174/2666255813999200628094351

• Carrera, B., Peyrard, S., & Kim, K. (2021). Meta-regression framework for energy
consumption prediction in a smart city: A case study of Songdo in South Korea.
Sustainable Cities and Society, 72, 103025. https://doi.org/10.1016/j.scs.2021.103025

• Belhadi, A., Djenouri, Y., Norvag, K., Ramampiaro, H., Masseglia, F., & Lin, J. C.-W. (2020).
Space-time series clustering: Algorithms, taxonomy, and case study on urban smart
cities. Engineering Applications of Artificial Intelligence, 95, 103857.
https://doi.org/10.1016/j.engappai.2020.103857

https://doi.org/10.2174/2666255813999200628094351
https://doi.org/10.1016/j.scs.2021.103025
https://doi.org/10.1016/j.engappai.2020.103857
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• To consolidate your learning and reflect on the key
concepts covered, please take a moment to complete this
quiz.

• Your feedback and results will help you track your progress
and support continuous improvement of the training
experience.

• By completing this quiz, you will also become eligible to
receive a certificate of successful training completion.

• Click this link to begin the quiz!

https://ec.europa.eu/eusurvey/runner/ArtificialIntelligence2?startQuiz=true&surveylanguage=EN
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