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ABSTRACT

Road traffic congestions continue to remain a major problem in most of the cities around the world resulting in massive
delays, increased fuel wastage and monetary losses. Traffic congestions can occur due to poorly planned road networks,
poor traffic management in critical hotspots of the city, bad weather conditions or due to an increase in the volume of
vehicles. The traffic data in smart cities can easily be obtained with the help of sensors. A machine learning model would
help us in predicting the traffic congestion in advance by providing the appropriate data to the model. The machine learning
algorithm used to predict the traffic congestion is Random Forest Algorithm due to its high accuracy and robustness.
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Introduction

Roadways are widely used for commercial as well as financial purposes. Road networks provide a cheaper and easier
means of providing transportation and hence road traffic congestion is a major issue that occurs in various road
networks. Traffic congestion leads to stress, excess fuel consumption leading to increase in pollution in the
environment etc. The factors that are taken into consideration for a roadway to be congested are decrease in the
average speed of vehicles, increase in the travel time or increase in the volume of the vehicles. Free flow of traffic
can be achieved with proper planning of the road networks or enhancing the traffic management in zones where
traffic congestion can occur.

The main objective of this report is to design an algorithm using machine learning to identify traffic congestion
beforehand and hence allow for proper management of the traffic congestion resulting in reduced duration of traffic
congestion. The prediction of the congestion should be accurate. The live traffic data can be obtained with the help of
sensors, cameras, social media etc. Smart cities have abundance of live traffic data due to the presence of sensors on
roads which can be used for finding trends in the data obtained from these sensors.

Literature Review

In the previously proposed models, the authors have used genetic, deep learning, soft computing and machine
learning to analyze the big data for the transportation system and predict the congestion accurately for the big data. A
decision tree algorithm is used to predict the traffic congestion and it will provide a single output value. Traffic data
is collected for every 5 minutes and features such as location, direction, speeds are taken into consideration which
help in determining the distance between vehicles. A threshold distance is set between vehicles and these values are
compared to identify whether the vehicles are neighborhood vehicles. The time interval set is 45 minutes and a graph
is plotted between the neighborhood vehicles and the time interval which will help in determining congestion. Due to
lack of features in the dataset, the author has not used deep learning and genetic algorithms in the proposed model.

The previous models used logistic regression for predicting congestion. The machine learning based algorithm
provides an easier prediction of congestion for a particular road network. The suggested model’s accuracy was
compared to various other algorithms for the same dataset, to find the algorithm which has the better accuracy and
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has a better performance. The algorithm used had constant complexity hence making it usable in devices with less
computation capability and with less resources.

One of the previous models uses the vehicle location to predict the traffic flow congestion at selected road network.
Deep learning approach is used for the prediction of congestion. With multiple approaches taken to calculate the
average speed of the vehicles for a particular road network, this data is provided to the deep learning model for
predicting the traffic congestion for a particular road network. Due to multiple approaches taken in the model, the
performance of the model is not. The model used predicts the traffic congestion for a road network with multiple
intersections. The Hidden Markov Model is used to predict the traffic congestion at the intersection based the flow of
vehicles for a particular period. The flow of vehicle is calculated based on the vehicles entering and exiting the
intersection and the count is compared to the previous period for prediction of congestion. The proposed model had
better error tolerance and performance compared to SVM. The models performance increased with the increase in
the features and size of the training data. The predicted result was similar to the forecasted result.

One of the models proposed a system for real-time traffic analysis and prediction. Analysis of the Twitter data
includes extraction of tweets from Twitter and then classifying the tweets based on location. The tweets are classified
into different categories based on the hashtags used on the tweets by the user. The model performs a sentiment
analysis on the list of relevant tweets and the traffic is predicted using the majority vote rule. The model uses random
forest algorithm for prediction due it’s better performance with big data and avoiding overfitting of the model.
Alternative routes are also suggested for a given source and destination.

From the literature survey we were able to infer that the accuracy of the proposed algorithm is high and the deep
learning approach provides easier analysis of the big data and this approach has a wider scope due to the increase in
the autonomous vehicles and driver assistance systems. The proposed algorithm provides better solution to the big
data issues compared to other algorithms and reduces the complexity of the dataset. The practical application of the
deep learning and genetic algorithms based on current datasets is difficult. The deep learning approach provides a
more accurate traffic prediction given large and complex data.

Proposed Work
Architecture

In the suggested model, the original dataset containing the large traffic data is split into training set and test set. Later
the data is sent for pre-processing and data cleaning. After pre-processing the dataset is given to the system for
analysis.

In the system the large dataset is divided into small numbers of data sets. Later the system uses Random Forest
algorithm on the data sets to analyze the data and predict the output. Then a conclusion a decided using the output
obtained from the system.
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Figure 1. Architecture Diagram

Methodology

The pre-processed data is retrieved from the original dataset and is divided into training and test datasets. After
training and testing, the data is divided into N numbers of dataset randomly with the help of random forest algorithm.
Each dataset is processed individually using decision tree algorithm. After all the results are obtained, the best result
in voted and classified and hence, an output is obtained.

Algorithm

The proposed model uses the Random Forest algorithm to predictcongestion for a given road network. Random
forest algorithm generates‘n’ number of decision trees and the results of these decision tree’s are combined to
provide a more precise overall result. Due to the abundance of traffic data present in smart cities with the help of
sensors, the decision tree algorithm will face with the overfitting issue i.e., the decision tree generated from the
model will be generated to its complete depth. But Random Forest algorithm overcomes this issue and provides with
a low bias, low variance model. The accuracy of the Random Forest algorithm will not be affected with the change in
the dataset, hence making the model flexible. Random forest algorithm provides row sampling and feature sampling
which are provided as inputs to the decision trees and helps in determining the key features in the given dataset.

Implementation

The proposed model uses the Random Forest algorithm to predictcongestion for a given road network. Python and
Jupyter Notebook are used as the platform for performing the required analysis and model prediction. Various
python libraries are used to perform the various functions, which are part of Jupyter notebook. Pandas library is used
for the data analysis and manipulation of the data. Matplotlib is used is the data exploration part of the project.
Sklearn is used for splitting the dataset into train and test data as well as is used to train the model with the suggested
algorithm.

The implementation of the proposed system was done by first pre-processing the data. We first try to identify any
inconsistent or null values in any of the features present in the data. The pre-processing stage of the data lead to the
discovery of some features having inconsistent data, which were identified and replaced with the appropriate values.
The pre-processed data was used int the analysis part of the project. The various graphs plotted were used to identify
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the peak congestion periods for a single day. With the help of sklearn library, the data is dividedbetween training
and testing data in the appropriatesize. The training data was used for training the Random Forest model with the
number of decision trees being set to default and the model accuracy was also identified after the model was trained
with the testing data. The accuracy of the suggested model is also calculated for comparison with that of other
suggested models.

Results
The suggested model’s accuracy for the given data and compared with another model is depicted below:

Table 1.Accuracy Results

Algorithm Accuracy
Decision Tree 83.5%
Random Forest 88%

The confusion matrix for the suggested model is depicted below:

Figure 2. Confusion Matrix

The graph plotted for the confusion matrix depicts:

Test

Predicted

Figure 3. Scatter Plot Graph
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Discussions

The test results shows that the accuracy of the decision tree is 83.5% whereas the accuracy of the RF model is 88%.
Due to the abundance of traffic data in smart cities, the suggested problem falls under the category of a big
dataproblem. Decision tree algorithm tend to face overfitting because the tree is generated to its complete depth. This
issue is overcome by the use of Random Forest algorithm as it has low bias, low variance. The algorithm also has a
better accuracy than the decision tree algorithm. The change in thedataset will not affect the accuracy of the model.
Due to the generation of multiple decision trees by Random Forest algorithm, there is an increase in the time taken
for predicting the congestion. The deep learning approach overcomes this issue but based on current data, this
approach is not viable.

Conclusion

The increase in the number of vehicles in the cities has caused a steep rise in the congestions which is a cause of
multiple issues. With the help of the current technologies, it is possible to predict such congestions with better
accuracy and tackle this issue. The model suggested in this paper can predict the congestion by taking into
consideration the average speed and the average flow of vehicles. The future work for the current model is to predict
for multiple roads and compare every road and suggest the alternate routes to the end user. With the help of smart
city data, the model can further be expanded into providing better solutions to the issues occurring due to traffic
congestions.

Limitations and Future Studies

We are planning for constantly training the data set for accurate predictions. The Applications will look forward for
improvements by collaborating with Road Traffic Management Authorities for obtaining the live data of the traffic.
We are also planning to incorporate more parameters in this system such as suggesting the alternate route to the user
or alter them about the possible traffic congestion in the future. These will be more useful for general public.
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