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ABSTRACT 

 

 

Offshore pipelines are vital infrastructure systems for oil and gas transportation. Statistics 

around the globe confirm that third-party threats, such as vessel anchoring, fishing, and offshore 

construction, contribute the most to offshore pipeline damages and are the number one cause of 

death, injury, and pollution. This research studies satellite imagery and its application in 

automating vessel detection for the purpose of offshore pipeline protection. Current methods of 

relying on high-resolution satellite images lead to a high implementation cost and less efficient 

image processing. This paper proposes a method of utilizing lower resolution satellite images for 

vessel detection in offshore pipeline safety zones. It applies a combination of cascade classifier 

and color segmentation method as well as a unique “color-coding” scheme to achieve an accurate 

and efficient satellite image processing procedure. The proposed method was tested on 150 

Google Earth satellite images with an average detection rate of 94% for large and medium 

vessels and an average false alarm rate of 19%. 
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Chapter 1: Introduction 

1.1 Background 

Offshore pipelines are vital infrastructure systems that play an important role in 

transporting gases and liquids over long distances across the ocean. These critical infrastructures 

must be regularly and accurately operated and controlled to make sure that their safety, 

efficiency, and performance are in an acceptable level. Offshore pipelines generally transport 

perilous pressurized products over extensive long distances in hostile ocean environments. As a 

result, offshore pipeline management requires more serious regulations compared to onshore 

pipelines. The mentioned above hostile environment includes waves’ impact and current 

dynamics, geo-hazards, and third-party threats such as offshore construction or vessel anchor 

impact. One can understand that any damages, eruptions, or cracks in such huge pipeline 

networks lead to serious economic failure, service disruption, and can also cause disastrous 

problems for public and environment.  

There are several causes of offshore pipeline damages including construction damages, 

operation flaws, design inaccuracy, material weaknesses, pipe corrosion, ground movements, and 

third-party damages. In particular, third-party damages refer to accidental damages caused by 

activities not associated with the pipeline operations, including vessel anchoring, collision, 

fishing/trawling, dredging, offshore construction, and dropped objects. According to a UK study 

(MacDonald 2003), 51% of offshore pipeline accidents are caused by third-party damages. 

Moreover, third-party maritime activities are also recognized as the second major cause of 

offshore pipelines failure (Woodson 1990). Past studies also confirmed that third-party damages 

are the number one cause of death, injury, damage, and pollution (NRC 1994). 



 
 

1.2 Problem Statement 

Previous research on oil and gas pipelines monitoring has focused on the pre-failure and 

leak detection techniques using sensing technologies, such as fiber optic, acoustic, ultrasonic, 

and magnetic sensors, or in-line inspection methods (e.g. smart pigging). However, they are 

reactive in nature and only confirm damages after the fact. Traditional pipeline patrolling (e.g. 

spot check on vessel or aircraft) is costly and tedious due to the spatial distribution of pipeline 

networks. Gatehouse (2010) developed a third-party vessel tracking technique based on 

Automatic Identification System (AIS). AIS is an automatic tracking system used on vessels for 

identifying and locating vessels. Vessels equipped by AIS transponders communicate data 

electronically with other nearby vessels and AIS base stations. Its primary purpose is to avoid 

collisions in poor visibility situations, but it can also be used for proactively monitoring vessels 

activities in pipeline safety zones. When a vessel is approaching or entering a pipeline safety 

zone, the operator can be notified and warned if the monitoring system detects a violating 

behavior. The detection algorithm is based on heuristic rules obtained from experts. However, 

two limitations were noted: (1) data from vessels far away from shore are not available due to 

limited coverage of AIS stations; and (2) vessels may not be equipped with tracking devices, thus 

tracking data is unavailable. 

Satellite sensing can complement to AIS because of its global coverage and the capability 

to identify vessels not equipped with AIS transponders. Over one thousand satellites fly over our 

planet every day. They provide global coverage of earth surface activities, including weather 

conditions, land movements, and traffic (onshore and offshore). Remote sensors attached to 

satellites collect data by detecting the energy that is reflected from earth including radio, 

microwave, infrared, visible optical light and multispectral signals. Surface objects (e.g., vessels 



 
 

and fishing boats) can be detected and classified by analyzing these sensory data. Furthermore, 

image processing and computer vision techniques can be applied to automate the identification 

of third-party entities. A sampling of their presence, frequency, and traffic density can 

supplement AIS data for pipeline risk management. 

1.3 Objectives 

The long-term goal of this research is to integrate AIS and satellite imaging for pipeline 

safety zone monitoring (Figure 1). The objective of this study is to develop a cost-effective 

method to automatically identify vessels from optical satellite images. Current methods of 

relying on high-resolution satellite images lead to a high implementation cost and less efficient 

image processing. This paper proposes a method of utilizing lower resolution satellite images for 

vessel detection. Along with AIS, this method will provide third-party activity statistics to 

support more accurate new pipeline route design and prioritization of maintenance effort. The 

section below describes related works. It is followed by the proposed methodology and its 

implementation and testing.   



 
 

 

Figure 1: Schematic objective illustration  

The yellow circle in the illustration is showing the offshore pipeline location on the 

seabed. A safety zone is considered for the pipeline, which could be from 100 feet up to 500 feet 

at each sides of the pipeline, depending on the user input. Once a moving object such as a vessel 

or a ship is approaching ahead to the safety zone of the pipeline, the satellite detects the ship in 

the satellite image, and informs the moving object and land-based receiver station 

simultaneously. As a result, both of them are informed about the situation of that moment. The 

moving object will be noticed to either stop where it is, or change its direction in order to prevent 

probable damages to the pipeline.  

  



 
 

 

Chapter 2: Literature Review 

2.1 Satellite Imagery Definition 

Satellite imagery analysis consists of taking images of Earth or other planets by artificial 

satellites, and analyzing images’ information for different purposes such as agricultural studies, 

geology (geomorphology), forestry, urban studies, landscape, environmental researches, 

cartography, aerology, climatology, oceanography, military, intelligence, and war fare 

(Wikipedia, 2014). 

2.2 History of satellite imagery 

The Sub-orbital space flights were the first method for taking satellite images form the 

Earth.  In this method a spacecraft reaches space, and its trajectory meet the atmosphere but it 

does not complete one orbital cycle. For example, the path of an object launched from Earth that 

reaches 50km above sea level, and then falls back to Earth, is considered a sub-orbital 

spaceflight (Wikipedia, 2014). 

The Explorer II balloon mission in 1935 with a peak point of 22km was the first example 

of Sub-orbital space flight imagery method. In 1946 U.S launched V-2 flight with peak point of 

105 km, took one image every 1.5 seconds, which was from five times higher than the first one. 

In 1959 the first satellite photographs (imagery) of Earth were made by the U.S Explorer 6. In 

1972 the Blue Marble photograph was taken by the crew of Apollo 17 spacecraft, at a distance of 

about 45,000 km, and it became the famous photograph of the Earth. Also in 1972 the Landsat 

program was started by USA, which was the largest program for acquisition of imagery of Earth 

from space. The first real time satellite imagery was taken by the USA’s KH-11 satellite system 

http://en.wikipedia.org/wiki/Image
http://en.wikipedia.org/wiki/Earth
http://en.wikipedia.org/wiki/Artificial_satellites
http://en.wikipedia.org/wiki/Artificial_satellites
http://en.wikipedia.org/wiki/Spacecraft
http://en.wikipedia.org/wiki/Outer_space
http://en.wikipedia.org/wiki/Trajectory
http://en.wikipedia.org/wiki/Atmosphere
http://en.wikipedia.org/wiki/Orbit
http://en.wikipedia.org/wiki/Earth
http://en.wikipedia.org/wiki/Sea_level
http://en.wikipedia.org/wiki/Photograph
http://en.wikipedia.org/wiki/Earth
http://en.wikipedia.org/wiki/Landsat_program
http://en.wikipedia.org/wiki/Landsat_program


 
 

in 1977. Finally, the most recent Landsat satellite was launched in 2013, and it’s called Landsat 

Data Continuity Mission (Wikipedia, 2014). 

2.3 Satellite Imagery Analysis Theory 

The goal of satellite image processing is to identify specific objects and isolate the 

understandable parts of the water bodies, surface, and atmosphere. For instance, to recognize, 

detach, and distinguish the natural surfaces and urban areas, the terrestrial areas and water 

bodies, soil and rocks, the vegetation and the soil, the clouds and the storm cells, the smoke and 

the cloud, etc. In other words, satellite image processing helps to analyze the pixels of the 

satellite images and provides a set of logical information for interpretation. Visual and digital 

methods are two ways of satellite images interpretation. In visual processing, interpretation 

happens in a manual way. However, in digital method most of the analysis is being done by 

computers and huge number of algorithms (THEORETICAL PRINCIPLES OF SATELLITE IMAGE 

PROCESSING, 2014) 

2.4 Visual (analog) interpretation 

In visual (analog) interpretation, objects in the picture can be identified based on one or a 

group of persons’ knowledge and their own eye. In this method the number and the accuracy of 

detected objects depends on sharpness and experience of the analyst’s eyes. 

Advantages 

The human brain takes into account a considerable number of factors and 

specifications during the analysis and decision-making, and this feature leads the analyst 

through the better results in problematic cases compared to any other methods.   

http://en.wikipedia.org/wiki/Landsat_Data_Continuity_Mission
http://en.wikipedia.org/wiki/Landsat_Data_Continuity_Mission


 
 

 The PC’s with relatively low capacity are able to perform well in this method, because 

running complicated calculations and algorithms is not necessary in this method. In other 

words, the old-style visual interpretation can be done on printed satellite images as well. 

Disadvantages 

This method could be very biased and the result of the analysis largely depends on the 

skill and experience of the analyst, and even on his or her temporary concentration as well. In 

particular, results of such a method prove that everyone sees things in different ways from the 

same picture.  

In this method analyst must analyze every detail of the image. As a result this method 

requires considerable amount of time, specifically in the images covering a large area.  

2.5 Digital processing 

In this method mathematical and statistical procedures and computer algorithms are 

employed to determine the coherent and similar parts of the surface.  

Advantages 

The processing depends less on the analyst’s individual experience. As a result, anyone 

can get the same results by applying the same mathematical and statistical steps.  

  This method is faster compared to visual analysis. However, high-performance computers 

are the necessary aspects of this method. The speed of the processing is relative and depends on 

the size and quality of the image. So that, processing of high-resolution images or images 

covering large portions of the surface can take longer time. 



 
 

Disadvantages 

Digital processing procedure requires considerable number of calculations, 

specifically for high-resolution images. As a result, this method requires powerful and high-

performance computers.  

The arrangement of the parameters, the setting up of the algorithms, the employment 

of different software, and the assessment of the reliability of the results require specialized 

knowledge and skill, and some professional practice. 

The focus of this research study is on digital image processing as a state-of-the-art 

method. Furthermore, digital image processing provides the opportunity for much more complex 

algorithms. It can offer both more practical performance at simple tasks, and the implementation 

of multiple methods which are impossible by analog methods. 

Digital image processing fields of use are as follow:  

 Classification 

 Feature extraction 

 Pattern recognition 

 Projection (Boundary Detection) 

 Multi-scale signal analysis 

Following are some examples of different techniques in this method (Wikipedia, 2014):  

 Pixelation 

 Linear filtering 

 Principal components analysis 

http://en.wikipedia.org/wiki/Statistical_classification
http://en.wikipedia.org/wiki/Feature_extraction
http://en.wikipedia.org/wiki/Pattern_recognition
http://en.wikipedia.org/wiki/Graphical_projection
http://en.wikipedia.org/wiki/Multi-scale_signal_analysis
http://en.wikipedia.org/wiki/Pixelation
http://en.wikipedia.org/wiki/Linear_filter
http://en.wikipedia.org/wiki/Principal_components_analysis


 
 

 Independent component analysis 

 Hidden Markov models 

 Anisotropic diffusion 

 Partial differential equations 

 Self-organizing maps 

 Neural networks 

 Wavelets  

2.6 Software and Algorithms 

A considerable number of algorithms are available for image processing, in general, and 

ship detection, in particular. The saliency method is one of the ideas that have been used in a 

number of applications for various algorithms and definitions. Saliency is defined as the sum of 

the absolute value of the local wavelet decomposition of the image. Previous approaches of 

detection based on saliency focused on low-level local contrasts such as edges, boundaries, 

colors, and gradients.  These contrasts are more considerable than local zones in the image (Li, 

2013). 

 

Based on Li’s (Li et al., 2013) studies a context is needed for saliency detection of ship 

targets to be meaningful. They detected saliency not at isolated pixels, but at pixels’ surrounding 

block, which gives a direct background. Li’s detection algorithm composed of four parts: (a) 

Pyramid of image is used to decrease the complex computation for high-resolution images; (b) 

Image partition for context consideration; (c) Histogram analysis for each block of image to find 

the salient candidates and create the spatial distribution of the image; (d) a simplified context-

saliency detection. 

http://en.wikipedia.org/wiki/Independent_component_analysis
http://en.wikipedia.org/wiki/Hidden_Markov_model
http://en.wikipedia.org/wiki/Anisotropic_diffusion
http://en.wikipedia.org/wiki/Partial_differential_equations
http://en.wikipedia.org/wiki/Self-organizing_map
http://en.wikipedia.org/wiki/Artificial_neural_networks
http://en.wikipedia.org/wiki/Wavelet


 
 

Li’s studies consist of a combination of random saliency map and image pyramid. They 

used the saliency extraction in the high-level image in the image pyramid to deal with the time 

consuming problem in high-resolution images. Spatial distribution and local contrasts are 

considered in the algorithm. The algorithm resulted in an average detect rate of 83.2% for large 

and medium vessels and false alarm rate of 33.5%.  Focusing on fine saliency maps is the 

missing part of their study.  

Moreover, the Synthetic Aperture Radar (SAR) images are highly used for ship detection 

based on the common algorithms like constant false-alarm rate (CFAR). However, long revisit 

cycle of the SAR satellites prevent the real-time ship monitoring. Furthermore, these images do 

not provide high detail for ship information. The optical images can relatively overcome the 

shortcomings of the SAR images. Zhu’s (Zhu et al., 2010) concept for ship detection consists of 

two simple steps: 1) sea detection and 2) ship detection in sea. They employed ship detection 

from space-born optical images (SDSOI), in which several factors such as clouds, ocean waves, 

small islands are often detected as false ship candidates  (small clouds are the most difficult 

factors due to their random variation). A moderate variation of gray distribution exists in the sea 

region images. So a recognizable edge between the sea and ship due to a high ship frame is 

observable. As a result image segmentation with edge information and detection can be used to 

extract possible regions of interest. However, this procedure may include many false alarms such 

as ocean waves, clouds, and islands due to their similar edge characteristics with those of ships. 

Once the ship segmentation is done, shape analysis can be started. Every ship has its specific 

area, length, and width. As a result, very large or very small islands and clouds can be deleted 

from the image. Moreover, ships are generally long and thin, so clouds and islands with very 

small ratio will be eliminated as well. Zhu employed LPM, a new texture operator, besides 



 
 

regular features such as wavelet-based features, multi-scale Gaussian differential features 

(MGDFs), and simple texture features. They used support vector machine as the main classifier 

for ship classification and all samples classified as: 1) ship and 2) non-ship.  

The method consists of the following algorithms: 

1. Region-filling algorithm 

2. An algorithm based on Mumford–Shah model 

3. Fuzzy c-mean algorithm for feature clustering  

4. Ensemble methods learning algorithms for classification 

 

Region filling algorithm deletes the holes within regions, and morphological open and 

close operators with a three-pixel-diameter circle element which are generated by ocean waves 

for example. A coarse segmentation results may have edge localization errors. Second algorithm 

refined edge segmentation and facilitate boundaries detection. Third algorithm, fuzzy c-mean 

algorithm, determines the features of the objects (i.e. fingerprint analysis). Finally, classification 

methods are learning algorithms that combine the results of different component classifiers and 

improve the achievements of image processing. In this technique, an abstraction of base level 

classifiers facilitates the learning process for the algorithm, called meta-learning technique. 

Learning algorithms along with artificial neural networks are proper classification method for 

our study, which is capable of matching detected ships with their corresponding training 

samples. 

Zhu’s studies resulted in a sequential coarse-to-fine elimination process of false alarms. 

However, their study is not capable of detecting the ships that are partly covered by large clouds, 

ships adjoin a large island, or when the gray of neighbor is very close to that of the ship. To 



 
 

overcome this shortcoming, training samples of clouds, island, and similar features could be 

utilize in our proposed method. 

Qi’s (Qi et al., 2009) studies resulted in the object-oriented image analysis to detect and 

classify vehicles from satellite remote sensing images which contains the following steps: 

(1) Multi-segmentation under certain criteria, which makes image objects to build a 

hierarchical image object network; 

(2) Extract image objects features to constitute feature space for classification; 

(3) Execute classification algorithms to identify image objects in feature space. 

Classification algorithms are one of the most useful and important methods in majority of 

the image processing studies. Qi employed classification algorithm, and linked image objects 

with a class hierarchy. Using a certain classification algorithm, classification of each image 

object to a specific category (or unclassified) will be possible, according to the difference of 

features in various objects and components. Qi employed two fuzzy classification algorithms, the 

Conditions Combination for bright vehicle classification and the Nearest Neighbor algorithm for 

dark vehicles. Qi’s study focused on vehicle information extraction from high-resolution satellite 

images by using object-oriented image analysis. Orthorectified image date from QuickBird 

satellite with four spectral bands, including red, green, blue, Near IR, and panchromatic, were 

employed for this study. The shadow region of the vehicles (moving objects) causes main error-

classification in 10% of the processing times. The shadow problem seems necessary to be 

considered in our research study as well since vessel segmentation and boundary can be affected 

because of this obstacle.  



 
 

The shadow problems are solved in our research study. In fact, our samples include 

vessels or ships images with their exiting shadows around them. As a result, system is already 

trained to detect ships or vessels with or without the shadow of the objects around them. 

2.7 Equipment 

In Zhu’s study a PC with a Pentium 4 CPU 1.8 GHz with 1-GB memory was used. Their 

experiments involved 2 image data sets: 1) space-borne optical images of CBERS and SPOT, 

about 2000*2000 pixels in size, with a total of 232 images and a resolution of 5-20 m. 2) 1600 

typical ship candidate sub-images obtained by ship candidate extraction from Data set 1 

including 426 clouds, 204 islands, 203 coastlines, 423 ocean waves, and 404 ships. In their 

study, the average time consumption per image with a sea area of about 2000*2000 pixels is as 

follows: ship extraction time is 0.936 s, and feature extraction and classification (matching) is 

0.584 s (1.520 s in total) which is a relatively quick for real-time monitoring of the ships. This 

capability is a good candidate for time series images study.  However, current low temporal 

resolution of the satellites does not allow for fast and quick real-time monitoring. This feature 

can be used in the future for the satellites with a high temporal resolution. We will use an “i7 

3770k” CPU 3.9 GHz with 12- GB memory, which is almost 2.17 times faster in calculation of 

the data set and 12 times faster in transferring the data. This system increases the speed of whole 

detection and classification of the ships is imagery date and reduces the time down to less than 1 

second. The experiment results and pilot test of this research study will reveal the accurate 

calculation and classification time.  

Google Map images will be utilized in this research study. MATLAB software and 

MATLAB-based algorithms are the primary and fundamental tools in our study. Further 

information and experiment results will be provided in the following chapters.   



 
 

Chapter 3: Implementation 

3.1 Methodology 

The proposed method is providing an automatic proactive offshore pipelines protection 

system based on satellite imagery in MATLAB. This method works with either high resolution 

or low resolution images such as Google Map images. Satellite images are the inputs for the 

system. The system evaluates the visual information of the image, and detects objects such as 

vessels, ships, and boats in both the danger zones of the offshore pipelines, and the vicinity of 

those zones. Once an object of interest is detected by the system, a land-based receiver will be 

informed of the situation via the system. Consequently, the land-based receiver sends an alarm to 

the detected objects of interest, and asks them to either change their location, or stop where they 

are. As a result, system prevents possible hazards in a proactive way, and saves considerable 

amount of time, cost, and energy. AIS could be utilized as a complimentary system to increase 

the efficiency of the overall system.  

3.2 Steps in Color Coding method 

This method of automatic ship detection in the vicinity of offshore pipelines includes 5 

steps.  

1. Satellite images acquisition 

2. Making training samples of different ships and vessels  

3. Classification of the samples  

4. Specifying location of offshore pipelines in the satellite image 

5. Utilizing innovated ship detection algorithm  



 
 

 

Figure 2: Process Flow Chart  

3.3 Satellite images acquisition 

In this step we utilized the Google Earth program to get the satellite images for our 

locations of interest. Moreover, the Google Earth program is very useful for making a dataset of 

ships pattern, feature, and appearance in satellite images. We made a dataset of 755 ship 

samples. There are many commercial satellite imagery companies that provided images with 

high resolution images. However, in order to decrease the cost and increase the accessibility of 

the images, low resolution images are utilized in this study.  

3.4 Making training samples of different types of ships and vessels  

Once there is sufficient number of ship or vessel images the training samples 

could be made with Training Image Labeler (TIL) app in MATLAB. Initially, training 

of 40 samples started in this study, and then because of the lack of accuracy and 

detectability the number of samples raised up to 950. Based on the test runs, it was 

found that a dataset of 700 up to 900 samples is sufficient, no more no less. Because 

less than 700 lacks the accuracy, and more than 900 does not increase the accuracy and 

detectability level; in fact setting “False Alarm Rate” and “Number of Training Stages” 

are more effective in this situation.  By utilizing TIL application we can interactively 

specify rectangular Regions of Interest (ROIs).  In this study ROIs are the ships or 
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Generate training 
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Identify location 

of pipelines 

Cascade 

classifier training 

Vessel detection 

model 

Vessel object 

labeling 



 
 

vessels in the image. Supplying Positive and Negative samples are one of the most 

important steps in this method. The images and regions containing the objects of 

interest are called positive samples. We can make positive samples by specifying 

rectangular regions around the ships in larger images. Generating more positive 

samples is possible by adding noise or rotation, or by varying contrast or brightness on 

existing ones. In another word, if there is a data set of 200 samples, by adding noise 

there could be 400 samples this time. In a similar way, rotating every single sample in 

90˚, 180˚, and 270˚ provides 3 more samples of the same one. Now there is a dataset of 

1600 samples. Adding contrast, and brightness settings are playing the same role, and 

increase the number of dataset. Negative samples are user-supplied negative images 

that do not contain objects of interest. A dataset of 35 negative (or background) images 

utilized in this study.  

 

 

 

 

 

 

 



 
 

 

Figure3: Positive Sample 

 

 

 

 

 

 

 

Figure 4: Negative Sample 

 



 
 

 

Figure 5: Training Image Labeler App in MATLAB® 

3.5 Classification of the samples  

The cascade classifier is used in this method. This classifier “… consists of stages, where 

each stage is an ensemble of weak learners. The weak learners are simple classifiers called 

decision stumps. Each stage is trained using a technique called boosting. Boosting provides the 

ability to train a highly accurate classifier by taking a weighted average of the decisions made by 

the weak learners.  

Each stage of the classifier labels the region defined by the current location of the sliding 

window as either positive or negative. Positive indicates an object was found and negative 

indicates no object. If the label is negative, the classification of this region is complete, and the 

detector slides the window to the next location. If the label is positive, the classifier passes the 



 
 

region to the next stage. The detector reports an object found at the current window location 

when the final stage classifies the region as positive. 

 

Figure 6: Training Steps of Cascade Classifier (MATLAB®) 

The stages are designed to reject negative samples as fast as possible. The assumption is 

that the vast majority of windows do not contain the object of interest. Conversely, true positives 

are rare, and worth taking the time to verify. A true positive occurs when a positive sample is 

correctly classified. A false positive occurs when a negative sample is mistakenly classified as 

positive. A false negative occurs when a positive sample is mistakenly classified as negative. To 

work well, each stage in the cascade must have a low false negative rate. If a stage incorrectly 

labels an object as negative, the classification stops, and there is no way to correct the mistake. 

However, each stage may have a high false positive rate. Even if it incorrectly labels an object as 

positive, the mistake can be corrected by subsequent stages” (MATLAB R2014a Help). 



 
 

3.6 Specifying location of offshore pipelines in the satellite image by “Color Coding” 

concept 

Specifying the location of the offshore pipelines in the image require user input.  The 

novel idea for this aim is adding different color codes (Color Layers) with Photoshop or other 

similar graphical software on the original image. The main region that the algorithm needs to 

evaluate is the region that contains the offshore pipelines. There is a lot of graphical information 

such as bridges, coast, houses, and green areas in a satellite image. As the matter of fact, analysis 

of this information necessitates more time, more powerful systems, and more complicated 

methods and algorithms. As a result, simplifying the information in a satellite image is 

necessary. So that, the algorithm must only focus on the regions containing offshore pipelines, 

and get rid of the regions that are not containing the pipelines. Red color code is the region not 

containing the pipelines. On the other hand, green color code is the region containing the 

pipelines. Dark green area is illustrating offshore pipeline’s danger zone, and light green area is 

illustrating the vicinity of the danger zone. This techniques increases speed of the process and 

saves a lot of time for other required steps of detection and analysis. 



 
 

 

Figure 7: Color coding offshore pipeline location  

Two safety zones are considered for the offshore pipeline. There are some moments that 

a moving object is getting closer to the pipeline, but it’s still in a safe location. For this situation 

the Vicinity of the Danger Zone (VDZ) is defined as the first safety zone, which is shown with 

light green color. On the other hand, the Danger Zone (DZ) is for the times that a ship or vessel 

is exactly located in the danger area, which is shown with dark green color. The width of these 

zones depends on the user input and information from industry experts. The width in the picture 

above is hypothetical only for academic purposes.  

 

 

 

 



 
 

3.7 Utilizing innovated ship detection algorithm  

This algorithm is a package of different programing codes in MATLAB. Once we run the 

code it will detect the ships or vessels in predefined offshore pipelines area (Green Color Coded 

Areas), and mark detected objects with yellow rectangular labels around the object. This process 

contains following steps: 

1. JPEG to PNG convertor: converts image’s original format into PNG format  

2. Color Segmentation: segments the image to create different layers of colors (red, dark 

green, and light green)  

3. RGB to BW convertor: converts RGB images into BW (Black and White) images, and 

increase the contrast of image 

4. Cascade classifier: provides multistage samples training, and learns specific features of 

the samples  

5. Feature detection: detects the features of trained samples in the test image  

6. Object labeling: labels detected objects of interest   

3.8 JPEG to PNG converter 

This algorithm automatically converts the format of JPEG files into PNG. Low resolution 

JPEG images do not carry sufficient graphical information. So that, image analysis algorithms 

work improperly with these kind of images. As a result, there should be method to keep the 

resolution constant, and increase the graphical vision details of the JPEG images. Converting 

JPEG images into PNG images solves this problem. 



 
 

3.9 Color Segmentation 

First step in color segmentation for Color-Coded image is detecting red color spectrum in 

the image, and deleting it. Second step is detecting light green color spectrum in the image. And 

finally, the final step in color segmentation is detecting the dark green color spectrum in the 

image. 

 

Figure 8: Steps in color segmentation 

 

3.10 RGB to BW convertor 

Converting RGB (Red, Green, Blue) images into BW (Black and White) images increase 

the contrast and accuracy of the images, and makes the detection easier for the algorithm. Once 

the algorithm detects the light green color spectrum, a BW format of this region is produced by 

the algorithm. The algorithm runs the evaluation and analysis on the BW image. This process 

repeats for the dark green color spectrum as well. 

3.11 Cascade Classifier 

Cascade classifier makes more samples from user provided ones in every training stage. 

It might misclassify positive samples as negative samples. In the succeeding stages the cascade 

classifier reclassifies the misclassified samples. The user specifies the training samples. 5 stages 



 
 

up to 10 stages are applied in this study, depending on complexity, graphical information, and 

detection on different color spectrums.  

3.12 Feature Detection 

Feature detection is part of the classifier. Once, the classifier is trained it can distinguish 

between ship and non-ship, based on the information in dataset.  

3.13 Object Labeling 

The algorithm labels the detected ship in the image with a yellow rectangular. Two labels 

are designed for ship detection. Detection in the Vicinity of the Danger Zone (VDZ) of the 

pipeline, and detection in the Danger Zone (DZ0 of the pipeline are the labels specified in this 

study.  

3.14 Advantages of Color-Coding Proposed Method 

1. Completely free (No need for purchasing images from commercial satellite imagery 

companies) 

2. Working with low resolution images (even Google Map Images) 

3. High rate of detection (considerably high rate compared with the competitors) 

4. Quick and accurate detection 

5. User-friendly and easy application settings 

6. Minimal user input 

7. Providing two different out puts:  

1) Detection in the Vicinity of Danger Zone (VDZ)  

2) Detection in the Danger Zone (DZ) 



 
 

(a)  

(b)  

(c)  

                              

Figure 9: (a) Original image, (b) Detection in VDZ area, (c) Detection in DZ area 



 
 

 

Chapter 4: Results and Conclusions 

 

This project studied satellite imagery and its application in offshore pipelines protection 

system in a proactive way. Higher cost of high resolution satellite images, lack of a proactive 

offshore pipelines protection system, and lower true detection rate of previous methods were 

identified as problem areas. Low resolution of satellite images was cited as one of the major 

factors contributing to detection inaccuracy, and lower true detection rate.  “Cascade” classifier 

and “Offshore Pipelines Location Color Coding” concept were implemented in this method, 

which improved true detection rate. This innovative method greatly reduced the time required to 

analyze and evaluate satellite images, which allowed users to utilize even low resolution satellite 

images. The proposed algorithm was tested for 150 Google Map images with an average 

detectability of 94% for large and medium vessels and false alarm rate of 19.75%. Li (Li et al., 

2013) presented an algorithm for large and medium vessels detection, and experimental results 

show that average detectability was 83.2% and false alarm rate was 33.5%. 

 

Figure 10: Results Chart 
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This project shows how low resolution satellite images can be utilized in offshore 

pipelines protection system through an experimental study. The proper number of samples can be 

between 700 up to 900, and more samples do not necessarily increase the accuracy or true 

detection rate. Evaluating and analyzing low resolution images require the PNG format of the 

images instead of JPG, BMP, etc. Moreover, gray-scale images provide higher contrast, and 

allow the system to detect the objects in a quicker time. Future research should study the GPS 

information of detected objects in the satellite images, and producing interfaces for computerized 

operating systems like Macintosh, Windows, or android-based smartphones and iPhone.    
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