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HMM  Hidden Markov Model
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HR High Resolution
ITS Intelligent Transport System
LR Low Resolution

MAP Mean Average Precision

MLE Maximum likelihood estimation
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PCA Principal Component Analysis
ROI Region Of Interest

RNN Recurrent Neural Network

SIFT Scale Invariant Feature Transform
SR Super Resolution

SURF  Speeded Up Robust Features
SvD Singular Value Decomposition
SVM Support Vector Machine

VGG Visual Geometry Group

VMMR Vehicle Make and Model Recognition
VP Vanishing Point

YOLO You Look Only Once
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Abstract

In recent years, road cameras are used in most of the roads to monitor the vehicles. Due
to the increasing number of these cameras and large number of vehicles, using human
resources for these cameras, makes some problems in the future. So, it is desired to use
machine vision and image processing methods to estimate some parameters like vehicle
speed, vehicle class, and the number of passing vehicles. Previously proposed methods
have some limitations like non-automatic nature, shadow sensitivity, single-purpose, and

use of small and non-real datasets.

In this thesis we propose a method for speed and dimensions estimation of the vehicles.
This method must meet some objectives like: fully automatic calibration, shadow

resistance, multi-purpose, and provide us with a comprehensive dataset.

The proposed method is conducted as follows: In the first frames, vanishing points and
the hypothetical road surface are obtained based on the direction of vehicles’ movement.
A GMM based foreground detection and a new shadow removal algorithm is applied to

determine the bounding box of each vehicle and construct its 3D surrounding box.

To determine the metric coefficients, some popular vehicles are recognized in the first
frames. Then, metric coefficients are calculated based on the real dimensions of the
vehicles (in meter) and their corresponding dimensions on the road surface (in the pixel).
These steps, satisfies one of our goals, which is fully-automatic calibration. Finally, the
passing vehicles are projected on the hypothetical road surface, and their precise speed
and dimensions are calculated by tracking.

Robustness of the algorithm against shadow leads to the accurate bounding box
detection of each vehicle and reduces the errors of calibration, and speed and dimensions
estimation. In the shadow removal algorithm, in addition to the accuracy, the processing
time is important. So, we proposed a fast algorithm that its processing time is almost

negligible.

Currently, there is no standard dataset of videos including speed tags and the vehicles'
images, especially in Iran. Another objective of this thesis is to provide a dataset including
such information. For that, we prepared such dataset by simultaneous capturing of the

roads with IP and laser camera.



The calibration process needs to recognize some popular vehicles at first. Here a
powerful algorithm is presented by deep networks and image registration. According to
the installation of the road cameras in high altitudes, vehicle images are so small. A super-
resolution algorithm is used to produce high resolution images and improve the

recognition rate.

The other objective of this thesis is to be multi-purpose. Most of the existing ITS
algorithms are about speed estimation or vehicle type recognition. The dimensions
estimation and vehicle recognition in this thesis, along with the provided dataset of the
images and videos make it possible to recognize the passing vehicles by two criteria:
"recognition algorithm™ and "the estimated dimensions”. Hence, as the secondary
application of the algorithm, a method is presented to determine the type of passing

vehicles, in addition to the estimation of the dimensions and speed of the vehicles.

The average errors of speed and dimensions estimation are 1.2Km/h and 8%,
respectively. The results show the superiority of the proposed method against previous

methods in both criteria.

The processing speed of the proposed method is about 2.16 FPS using MATLAB 2016
on a computer with 16GB RAM and a 2.6 GHz Core i7 processor.

Keywords: vehicle speed estimation, vehicle dimension estimation, vehicle type

recognition, camera calibration, vanishing point.
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