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Abstract- Obstacle detection is one of the key features of an unmanned surface vehicle (USV). Research on real time obstacle 
detection gains momentum these days. Horizon detection is one of the fundamental support factors when performing real-time 
obstacle detection. Precise detection helps to improve the efficiency and accuracy of obstacle detection becausethis eliminates 
irrelevant areas as much as possible. In this paper, three different algorithms are applied on three different sequences of images 
that were taken on the open sea. This paper focuses on the success rate and time efficiency of horizon detection. By applying 
four different algorithms, includingProbabilistic Hough Transform, Least Square Optimization,  Random Sample Consensus 
(RANSAC) and Generic line detection method, we extract the horizon from the images. The experimental results show that 
different methodshave different time efficiency and accuracy for horizon detection. By comparing the advantages and 
disadvantages of each algorithm, it is possible to determine which algorithm is more suitable under given constraints. 
 
Index Terms- Horizon detection, Image rectification, Sea surface estimation, Sea surveillance. 
 
I. INTRODUCTION 
 
Sea surveillance attracts more and more the attention 
of naval research in recent years. An unmanned 
surface vehicle(USV) has a great potential to play an 
important role in sea surveillance in the near future, 
such as controlling boat maneuvers in a harbor, 
detecting obstacles, support ofmarine rescuing 
operations,protecting ships and coast line from 
anykind of attack (e.g. of pirates), or the detection of 
smuggler ships[1,2,3]. An USV requires an on-board 
logic to observe the surrounding, detect potentially 
dangerous situations, and apply proper route 
modification. One of the essential tasks of an USV is 
to accurately and fast detect and track moving objects 
on the sea. To detect and track moving targets on the 
sea undervarying conditionsis a rather challenging 
mission for vision-based systems. An open sea 
environment defines difficulties for stereo camera 
calibration, which needs a reliable calibration 
solution.There is typically one important line in the 
recorded image, and this is the horizon that is anoften 
defined by a visible separation between sea and 
sky[3,4].The horizon is a very important feature when 
we deal with detecting and tracking moving objects on 
the sea surface[1] as well as it may be a dominant 
features for camera calibration or sea surface 
estimation[2].Figure 1 shows an open sea scene 
recorded by our stereo cameras, the scene is rotated as 
obvious by the shown horizon. If the image is not 
rotated around the Y axis, the horizon should appear 
horizontally in the image. In other words, the angle θ 
that is the angle between the horizon and a horizontal 
line is related to the rotation of the image about the Y 
axis. We aim atcorrectly obtaining the angle between 
horizon and a horizontal line. Then, we can rotate the 
image to turn the horizon intoa horizontal line, this 
rectifies the images. 
In addition, the horizon also provides 
geometricinformation about the whole image, 

whichhelps to reduce the processed area so that we 
increase the efficiency and accuracy. 
 

 
Fig 1. Used sea scene: an ideal horizontal location in red color 

and the actual horizon on open sea in blue 
 
The challenge of detecting sea horizons is that 
ahorizon appears at different locations in every single 
frame due to sea and USV movements. The approach 
of finding lines is constraint under conditions of 
dynamic noisy backgrounds, such as boats in the scene 
occluding the horizon partially, or along the 
horizon,light reflections on the water;such events 
substantially distract from finding correct parameters 
of the line that approximates the horizon.  
We refer in this paper to three different image 
sequences taken by high-resolution cameras on the 
USV. By using fourdifferent algorithms, including 
Probabilistic Hough Transform, Least Square 
Optimization, Random Sample Consensus 
(RANSAC) and Generic line detection method.We 
extract the horizon from each frame of the three 
sequences. By comparing the time complexity and 
failure rate, we derive a conclusion about the use of 
which for horizon detection in a given case. 
 
II. DETECTION ALGORITHMS 
 
Before starting to detect the horizon by different 
methods, our detection methods perform commonly a 
few pre-processing phases. The input original images 
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are resized to a more compact resolution for increasing 
the processing speed. For further simplifying the 
images, we use a threshold to differentiate different 
scale ranges.Thresholding is a method that used to 
segment an image by setting all pixels whose intensity 
values are above a threshold to a foreground value or 
equal to a bright pixel value, and all the remaining 
pixels to a background value or equal to a dark pixel 
value.The threshold value is defined by the mean of a 
neighborhood area. Then we use an edge operator to 
find the step-edges in the image.In this experiment, the 
region of interest is applied according to the methodfor 
a more precise detection. 
 
A. Hough Transform 
The Hough transform is the basic line feature 
extraction technic used in image processing and 
computer vision. The purpose of the technique is to 
find imperfect instances of objects within a certain 
class of shapes through a voting procedure[5,6].We 
recalls that there are two ways to represent a straight 
line in a 2D coordinate system.Any straight line can be 
described as y = mx + b, where m is the slope of the 
line and b is the intersection with the y axis. However, 
there is a limitation when the line becomes vertical. 
Therefore, polar coordinates have been introduced 
defined by a pair of parameters, denoted by r and θ. 
The parameter r represents the algebraic distance 
between the line and the origin, while θ is the angle of 
the vector orthogonal to the line and pointing toward 
the half upper plane. There are some limitations of the 
standard Hough transform (SHT) method[7]. The 
output of the SHT will not provide information about 
the coordinates (e.g. of end points) ofthe detected line. 
It is not convenient when we want to do some further 
research and calculations. Therefore, a more efficient 
implementation of the Hough transform has been 
developed. It gives us the information about the two 
end points of a line segment. Therefore we use a 
Probabilistic Hough Transform to detect line segments 
on the image. The probabilistic Hough transform 
(PHT) is an improved version of the standard Hough 
transform [8]which is more efficient than the standard 
Hough transform as it providesalso two end points of 
the detected line. In this case, we use these two end 
points to draw line segments as well as connecting 
different line segments if they are about collinear. 
With these coordinates, it is also possible to eliminate 
all those unwanted lines. Assume that the 
PHTprovides two end points of a line segment in the 
image, denoted byP1=(X1, Y1)andP2=(X2, Y2). We use 
the Euclidean distance (X − X ) + (Y − Y ) for 
calculating the length of every line segment. We select 
the longest line segment andtreat this segment as the 
prior for forming the horizon.  
 
B. Least Square Optimization 
For the least square method, we store every edge point 
into an array.  The method converts 2D points into a 
straight line. The output of this function gives us four 

elements, (Vx, Vy) which is a normalized vector 
collinear to the line, and (X0, Y0) which is a point on 
the line. We use these four elements to construct a 
straight line. 
The straight line is modelled as y = mx +c, with 

m = (1) 

c = − 	× X + Y (2) 

This is the equation in the region of interest. We have 
to embed the line into the original image. For the 
slopem, it will remain the same as the value in the ROI 
image since there is no shape change. The 
Y-intersection c is changed due to the change of the 
coordinate origin. Therefore,the new Y-intersection c 
becomes 
 

c = − 	× X −	 	× Y + Y + X      (3) 
 
whereXT and YT define the transformation vector from 
the original image to the ROIin the image. 
 
C. Ransac 
For the RANSAC method[9,10], we use any of two 
points on one edge in the image to form a straight line 
equation. If the two points P1=(x1, y1), and P2=(x2,y2) 
are given, we have that 

y = mx + c											                                (4) 
m =    (5) 

c = (( )	–	 	×( ))	  (6) 
Once the straight line equation is formed, we will 
calculate the distance between a point and the straight 
line we constructed.  
We set a threshold = 3.0. If the distance from the point 
to the straight line is over 3 pixels, this point will be 
treated as being an outlier. Those points with distance 
less than 3 pixels will be considered as inliers. We will 
count how many inliers the considered line has, and 
select that one with the largest number as being the 
best. Then, we select two other points to perform the 
same RANSAC steps again as above. The line with the 
most inliers is always selected as being the best line. 
Finally, we just plot the best line. 
 
D. Generic Line Detection 
In desired detection task,uniform intensity is 
represented by a border on bright skyand dark sea 
surface where likely horizon is. This feature,rather 
than using the intensity values of an individual 
pixel,adapts the change in contrast values between 
adjacent rectangulargroups of pixels. The contrast 
variances betweenthe pixel groups are used to 
determine relative light anddark areas. 
The process of classification using Haar-like feature 
confirms several regions based on the trained feature. 
We extract reference points from the confirmed 
regions in order to compute location of horizon. In the 
pulse signal analysis, the reference points can be 
extracted when the intensity of pixel along at a slop 
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drops down drastically. 
Given input image F results a set of regions, ROI by 
the classifier[1]. ROI is formally {Ri,Ri+1,…,Ri+n}, Ri 
denotes the ithregions fori = 1, ..., i + n, all being 
regions. Let P be a set of the reference points 
pijextracted from all regionsRij, p(x, y) denotes the xy- 
coordinates of observed points p by pulse analysis. 
The defined pulse signal function can be described as 
following: 

P = ∑ ∑ p (x, y) , if	d = 1											        (7) 
 

d = 	Ξ I − 	Ξ I (8) 
 

Ξ I = 0			0	 ≤ 	Ξ I < 1	
1		otherwise														

 (9) 

 
wheren is the number of detected regions, k is the 
number of extracted reference points. I(x, y) denotes 
the pixel intensity at location (x, y) in a region R. The 
defined Ξ function uniforms intensity of pixels in a 
region with a unit homogeneous intensity. By the 
described pulse signal anal- ysis, we obtain a set of 
points P. 
Regarding computing a generic line as a horizon, we 
perform a linear regression for fitting a straight line y 
= ax + b to those data P, calculated by least-square 
optimization. Finally a line representing the Horizon is 
computed by function ζ as following: 

ζ(p (x, y)) = ∑ y − ax + b             (10) 
 
III. EXPERIMENTS AND RESULTS 
 
In our experiments we use three different long 
sequences of images for conducting practical 
experiments. The data sequences are taken by a 
camera on an USV.Each sequence has 600 frames in 
total. The size of each input frame is1000 by 800 
pixels, and it is given in .ppm format. The first 
sequence includes a big boat on the horizon, and small 
boats travel from left to the right. The second sequence 
includes a big boat, traveling small boats, and a shore 
in the background. The third sequence includes a 
speed boat and water waves caused by the speed boat. 
By using the four different algorithms, including the 
Probabilistic Hough Transform, Least Square 
Optimization, RANSAC and our proposed detection 
method, we extract the horizon from each frame of the 
three sequences. Four methods are implemented in 
C++ and OpenCV.  By comparing the time 
consumption and the success rate, we give a fair 
conclusion about which is the better method for 
horizon detection. 

 
(a) Seq #1 by method 1 

 
(b) Seq #2 by method 2 

 
(c) Seq #3 by method 3 

 
(d) Seq #3 by method 4 

Fig 2.Detection results (in blue) by four different methods 
 
Figure 2 shows the detected horizon (in blue) with 
different challenges detected by the four methods. 
Method 1 is with PHT algorithm, method 2 is with 
Least Square, method 3 is with RANSAC and method 
4 is with Generic line detection. 
Figure 3 shows the processing time difference for the 
different algorithms on the selected three 
sequences.The Probabilistic Hough Transform takes 
the shortest time in processing, as seen from the 
figures; it only takes 0.01 seconds to process one 
frame. It is around 10 times faster than the method 2 
and method 3. Method 4 shows improved processing 
time than the method 2 and method 3. 
The RANSAC and the Least Square algorithm are 
almost identicalwith respect to processing time. 
However, there is onemore property we need to 
consider in this experiment. The accuracy is another 
important factor that can be considered to be more 
important than time efficiency. 
 

 
(a) Seq #1 
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(b) Seq #2 

 
(c) Seq #3 

Fig 3.Comparison ofprocessing time onthree sequences 
 
Table 1 shows comparison of horizon detection rate by 
four methods.Themethod 2 is not really good in 
providingline detection based on selected edge points. 
However, we found a solution to improve the results 
for this method. For this experiment using edge points 
in defined ROI, it all depends on the quality of the 
edge points. Image noise really affect the detection a 
lot.  Method 4 shows more correct detection and rate.  
 

Table 1. Comparison of horizon detection rate 

 
 

 
Table 2.Comparison of average time computation 

 

Table 2 shows comparison of average time per frame. 
Method 1 is faster than others and method 3 is the 
worst. 
 
CONCLUSION 
 
The proposed generic line detection method provides 
reasonableresults for all considered situations, and is 
of good time efficiency and correct rate. The 
RANSAC method provides the best results in general, 
but it is time consuming. The least square method has 
about the same time complexity as the RANSAC 
method, but fails often if detected edges are impacted 
by image noise.  
We recommend to apply the generic line method, but 
also the RANSAC method in cases where the generic 
line method fails for several frames to detect any 
horizon. 
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