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Abstract

Efficient traffic management is critical in today’s overcrowded urban environments. Thanks to modern satellite imagery, high
resolution images of current traffic conditions at regular intervals are easily available. In order to be able to respond to changes in
traffic conditions quickly, it is critical to have an efficient and accurate system for traffic analysis of the static imagery available from
these high resolution satellites. Two sub-problems are involved : detection of roads and detection of vehicles. A variety of
algorithms are already available for solving these problems individually. For road tracking, we have median filers, color box
segmentation, morphological processing, etc. There are algorithms like Bayesian background transformation, Blob extraction, and
other vision based algorithms for vehicle detection. The goal of this paper is to automate tracking of roads and vehicles together
from high resolution satellite images at any time statically, that is, without motion detection and leaving areas which are not roads
like parking lot, settlements etc. Doing so, key points can be formalized in urban planning like finding other routes, human health
factors, construction in endangered areas etc. By achieving the targeted objective and comparison with different algorithms, many

problem statements can be defined and can be worked upon towards developing asolution.
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. INTRODUCTION

To automate traffic monitoring from high resolution
satellite image and aerial photograph, an algorithm can
be developed for efficient traffic monitoring and
analysis. This will reduce time consumed in monitoring
of vehicles which are on roads. By monitoring traffic,
many long-term objectives in urbanization can be
achieved. The focus of this paper is traffic on roads in
high resolution satellite image to determine the traffic
condition or pattern by leaving parking lots and other
areas which are not roads [1]. Here, in this paper tracking
of roads was done through pattern recognition or pattern
matching algorithm which gave the flexibility to
recognize roads using vision based algorithm [2], that is,
if vehicles are in some regular pattern which forms a
rectangular pattern, then those areas are parking lots.

Irregular pattern of vehicles that don't form a rectangular
pattern and are not positioned together are part of roads. To
monitor traffic and leave areas which are not part of roads
like parking lot and which have similarity with roads like
grey coloured rooftop of settlements are left or removed
by sub-setting or masking data using GIS software. While
performing detection of vehicles on roads, there is a
possibility that some vehicles are not in motion and stand
still but those are on roads and this makes them part of the
traffic. The main goal is to develop an algorithm for offline
traffic marking analysis which is going to be based on
remote sensing techniques and there are mainly three
algorithms which are Median filter algorithm, Blob
extraction algorithm, and Vision based algorithm.
Counting blobs or vehicles on roads can be used for traffic
marking analysis by identifying choked points. It can be
used for road-network continuation and security in
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urbanization. These three algorithms are described as
follows :

& Median Filter Algorithm : The algorithm removes salt
& pepper noise from the image. It gives a filtered image
and preserves edges in the image. This enhances the
image and removes unwanted pixels from the image.

% Blob Extraction Algorithm : Blob extraction
algorithm extracts the blob from images like vehicles
from the image. This works on the principle of connected
component analysis. The goal is to extract blobs or
vehicles from the images or de-noising images for target
detection.

& Vision Based Algorithm : Vision based algorithm
detects vehicles from images and helps in forming
bounding regions around vehicles which count the
number of vehicles or blobs.

Il. BACKGROUND

Transportation and goods play a vital role in everyday
life. Traffic monitoring with an automation method in
satellite image helps us to identify important information
about day to day traffic planning in urbanization. Many
researchers have proposed vehicle detection using
different methods, traffic density measurement in aerial
video, and lane detection system using filters. Here we
are going to describe methods through which many
objectives have been achieved by researchers in roads
monitoring, traffic monitoring, and vehicle detection
in videos and images. Algorithms for roads and traffic
analysis are available like roads monitoring by applying
median filter in an image for lane detection system
to minimize frequency of road accidents [3]. Noise
reduction was done in roads by using median filter,
wiener filter, and hybrid median filter in different light
conditions [4]. Edge detection too has contributed a part
in lane detection system and finding road backgrounds in
different scenes. A system was presented to detect cars in
low resolution aerial images along road directions by
posing cars as 3D object recognition problem and
deciding boundaries for its recognition by psychological
tests. The information is represented in Bayesian
network which is used to integrate all features [5]. Blobs
are dark colored objects on light colored background or
the opposite, i.e. light colored objects on dark colored

background [6]. Color thresholder app allows us to
segment color images by thresholding the color channels
based on different color spaces [7]. The gradient of a
function is a vector function which represents changes in
the steepest ascent [8]. High resolution satellite imagery is
processed into accurate traffic parameters by conducting
field tests to determine flow rates from aerial photos and
various image processing approaches like background
subtraction using reflectance values were used on scanned
aerial imagery to simulate satellite imagery [9]. Some
road detection was done for detection and tracking of
vehicles by segmentation of blobs in a neural network
classifier and it produced real time operations [10]. Blobs
detection was done for identification of signs in roads
through support vector machines, color segmentation and
classification of shapes for identifying different shapes to
work nicely in tough situations [11]. Traffic parameters
were extracted for different behaviors under implicit and
explicit occlusions of vehicles like wrong way, slow,
normal travelling etc. [12].

Few researches were applied on high resolution
satellite images like vehicles detection by blob detection
algorithm for annual average day traffic with limitations
in counting vehicles [13]. Vision based algorithm was
applied on vehicle attribute with background scene and
unknown attributes for real time vehicles detection [14].
Vision based algorithm was applied for counting vehicles
in traffic density measurements by gradient vectors
processing from aerial images [15]. Vehicles were
identified by image subtraction and transformations in
reflectance in aerial images [16]. Vision based driver
support and assistance system was implemented by
vehicle detection for nearby vehicles through acquisition
of road scenes in daytime processing algorithm [17].
Vehicle detection and tracking for traffic surveillance
control and management was done by motion detection
using Bayesian background subtraction, feature based
tracking, and differencing methods in frame [18]. Survey
on road detection by lane detection, tracking and driving
support systems by texture supported road detection,
matching criteria, brightness variance etc. were done
using vision based algorithm [19].

Morphological operations are operations done on
images to enhance images for producing a desired output.
Morphological operations were used for text character
recognition on Indian vehicles number plates using
morphological processing like edge detection, connected
component retrieval by filtering operations [20]. Image
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segmentation was done using morphological operations
in medical roles like finding shape as well as structure of
human MRI by edge detection and using K-means
clustering and noise filtering for accurate results [21].

When talking about pattern matching, it reminds us of
first searching some content on the web. Pattern
matching is like searching some content on web and
finding results with same characters containing contents
related with same words. Here the searched content can
be some text, audio or video which is processed through
speech recognition, parsing texts or image recognition
for video. Here, all results came through some kind of
pattern recognition or matching of texts, image, voice
etc. [22]. Pattern matching is also described as a
qualitative analysis where it might occur as a result or
conclusion of thought processes where some kind of
pattern matching happens in the data, whether it is made
explicitly known or not, result occurs due to presence of it
[23]. Pattern recognition is also known as a feature
classification system where selection of some variables
leads to pattern recognition results using filters,
wrappers, and embedded mechanism solutions [24].
Some have used pattern matching for finding the large
sequence of characters in finding DNA pattern matching
algorithms like Knuth-Morris-Pratt and Boyer Moore
algorithms [25].

1. MATERIALS AND METHODS
USED

% Materials Required : ENVI, ArcGIS, and MATLAB
softwares are required to subset, geo-reference, and
apply coding to the high resolution satellite images.

% STUDY AREA : Fig. 1 displays very high resolution

satellite image of Phoenix city, Arizona which was taken
as study area in which roads with vehicles, that is, large
data of traffic are present.

& ArcGIS : ArcGIS is a Geographic Information System
(GIS) software for working with maps and geographic
information In this project, ArcGIS was used to convert
the image downloaded from Google Earth to tif format
from jpeg format for further remote sensing processes like
geo-reference or subset the image where road structure is
complex in the available photographs to extract road
regions only [27].

% ENVI : ENVI (an acronym for "Environment for
Visualizing Images") is a software application used to
process and analyze geospatial imagery. It is commonly
used by remote sensing professionals and image analysts.
In this project, ENVI was being used to subset the data
using region of interest (ROI) where other features like
parking lot, settlements, vegetation etc. are present in the
images which has to be removed [28].

L MATLAB : MATLAB is a high-level language and
interactive environment for numerical computation,
visualization, and programming. In this paper, MATLAB
was being used for reading RGB images, conversion into
binary images, filtering images, making bounding regions
around blobs or vehicles detected, counting number of
blobs and writing the output images [29].

Here is the step-wise explanation of development of
algorithm in ArcGIS, ENVI, and Matlab for traffic
monitoring and pattern analysis from the data
downloaded from Google Earth.

& Step 1 : Searched the high resolution satellite image

Fig. 1. Very High Resolution Satellite Image, Phoenix City (Arizona)
Source : Google Earth. earth.google.com/web [26]
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Fig. 2. Methodology for Algorithm Development

from Google Earth which contains large data of traffic in
afamous city.

& Step 2 : Marked lat-long points in the image for geo-
referencing like P1, P2, P3, and P4.

& Step 3: Downloaded the Google earth data containing
traffic after marking four points in jpeg format.

L Step 4 : Opened the data in ArcGIS, geo-referenced it
for ortho-rectification

& Step 5 : Exported the image from jpeg format to tiff
formatin ArcGIS

& Step 6 : Opened the image in Envi and subsetted the
data containing roads and traffic with pattern matching or
vision based algorithm using rectangle ROl and saved it.
& Step 7 : Read RGB image in tiff format in Matlab and
wrote images in further processing.

L Step 8: Converted RGB image to grayscale image for
next level implementation and processing.

L Step 9 : Applied median filter for smoothing or
de- noising the image.

& Step 10 : Converted image to binary image by
thresholding grayscale values to detect blobs/vehicles
both light and dark colored.

& Step 11 : Complemented the image and filled holes in
the image for blobs/vehicles detection.

& Step 12 : Applied erosion and dilation for removing
lane markers and de-noised the image for blob/vehicles
extraction.

% Step 13 : Plotted boundary around extracted
blobs/vehicles using vision based algorithm.

% Step 14 : Counted blobs on roads for monitoring
traffic.

& Step15: Algorithm development was done in Matlab.

L Step 16 : Time delay calculation in developed
algorithm and comparison with separate algorithms was
done using Matlab software.

& Step 17 : Tracking of roads and vehicles and
performance analysis were done with developed
algorithm for traffic monitoring.
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Fig. 2. displays the methodology flowchart for algorithm
development with proper steps.

IV. RESULTS AND DISCUSSION

Fig. 3 consists of road regions, light and dark colored
vehicles, and one over-bridge. Shapes of the vehicles are
mostly rectangular with a bit curvilinear shape.

Fig. 4 displays the converted gray-scale image
from Fig. 3.

Fig. 5 displays the median filtered image for

de-noising. It smoothens the image and removes the salt &
pepper noise.

Fig. 6 displays the image on which blob detection was
being done using binary conversion with thresholding to
detect both light and dark colored vehicles.

Fig. 7 displays the complement image of Fig. 6 for
further operations to be done.

Fig. 8 displays the image in which holes inside all
detected blobs were being filled for connected component
analysis.

Fig. 9 displays the output of erosion and dilation

Fig. 3. Sub-Setting of Satellite Image to Extract Road Regions

Fig. 4. Gray-Scale Conversion

Fig. 5. Median Filter Applied on Gray-Scale Image
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Fig. 6. Blob Detection in Binary Image

Fig. 7. Complement of Fig. 6

Fig. 8. Filled Holes in the Blobs

Fig. 9. Blobs Identification After Applying Erosion and Dilation to Filter Lane Markers

operation done for vehicles detection after filtering the & Validation of Vehicles Detection : After deducing one
lane markers. blob from counting which is shadow of the over-bridge

Fig. 10 displays the output of vision based algorithm, and clearly visible in the final image, total count for
that is, boundaries around the detected blobs for counting  vehicles was validated with the original image by manual
vehicles. After applying Matlab coding in Fig. 10, total counting. It was found to be correct with very slight
number of blobs were found to be 96. difference which is while filtering the lane markers, one
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Fig. 10. Boundary Around the Vehicles

vehicle nearby lane markers got split into two and
vehicles under shadow of over-bridge were not being
detected in blob detection. Total number of vehicles in
the original RGB image was found to be 97 leaving
vehicles under shadow of over-bridge while total number
of vehicles found in the image of the final algorithm
development was found to be 95 after deducing the over-
bridge blob from total counting.

Fig. 11(a) and Fig. 11(b) display the cross-checking
and validation of vehicles counting with the original
image and final image after the application of the
algorithm respectively.

% Comparison of Developed Algorithm with Earlier
Algorithms : The target to make a single algorithm by
mixing three algorithms defined earlier and remote

sensing techniques to track traffic was achieved.
However, comparison of the mixed algorithm with
separate algorithms will reveal performance analysis of
the developed algorithm. Here, if we apply Median filter
algorithm separately on satellite image which removes
salt and pepper noise from image, then the output will
preserve edges in the image which will detect roads only
by detecting lane markers. It takes time delay of almost 5
seconds. The second algorithm which is Blob extraction
algorithm when applied separately to detect vehicles will
detect either light colored vehicles or only dark colored
vehicles and without applying Median filter algorithm it
will detect lane markers as blobs too. We won't be able to
count by automation and time delay will be 20-30 sec.
Vision based algorithm when applied separately to plot
bounding regions will plot too many bounding regions

Fig. 11(a). Original Image

Fig. 11(b). Validation of Vehicles Counting of Final Image with the Original Image
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without applying blob extraction algorithm .This will
raise the counting of traffic to hundreds which is not true.
The time delay will be 10-15 sec. Here other mentioned
algorithms which are Color box segmentation, Gradient
vector, Bayesian background transformation,
morphological operations etc. when applied didn't reach
the stated goal. Color box segmentation was able to
detect roads only. Bayesian background transformation
and Gradient vector were able to detect vehicles in
motion, that is, in videos only by image registration in
extracted frames of videos. Thus, by mixing above
mentioned three algorithms in targeted objective and
applying morphological operations on satellite image,
we saved time in execution of the program which is 10 —
20 seconds and the goal was achieved to monitor traffic
efficiently.

V. CONCLUSION

Tracking of roads and vehicles together was being done
with the developed algorithm and counting of vehicles
was cross-checked and validated with original image by
manual counting. There was a minor difference in
number of vehicles which was found to be around 3 — 4
vehicles of the algorithm that is leaving those vehicles
which were under the shadow of over-bridge and under
shadows of trees.

Limitations were found in the algorithm development
was while filtering the lane markers using erosion
and dilation, there is possibility that vehicles which
are nearby bigger lane markers may split into two
blobs. Shadows of bigger obstacles like over-bridge or
trees coming above roads were also getting detected
as blobs while converting to binary image. Vehicles
which are under shadows of over-bridge or trees were
not getting detected. On an average, total time delay
found while running the developed algorithm in Matlab
code for satellite image was found to be 10 — 20 sec.
Code efficiency was quite good for high resolution
satellite image.

For traffic monitoring, counting of vehicles made the
algorithm efficient at a given time and at a given point.
This makes the algorithm useful for traffic pattern
analysis if averaged over a day, over a month or over a
year for traffic monitoring programs. Limitations found
in the developed algorithm can be removed by image
registration in 3 — 4 consecutive images of vehicles on
roads, that is, by motion detection. Image registration

will validate the road alignment and one-to-one vehicle
detection for identifying unique vehicles.
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