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Abstract. This paper makes use of the hierarchical bounding box 

method to efficiently detect collisions between slender marine 

structures, namely risers and mooring lines. An implementation in the 

C++ programming language, using resources of high performance 

computing and object orientation, is presented. Details of the strategy 

are shown as pseudo codes and figures, along with the functionalities 

given by the tool. The implementation is validated through 

comparisons with the brute force method for collision detection for a 

few chosen examples, which were simulated in a consolidated 

software. Results show small computational times and good fidelity 

of detections. 

Index Terms - deep water; high performance; C++, risers; mooring 

lines. 

1  INTRODUCTION 

Over the last years, the need for petroleum has been 

compelling companies to explore underwater reservoir on 

increasing marine depths, from which greater technological 

challenges emerge. On that scenario, one aspect that needs 

careful consideration is the analysis of slender marine 

structures, namely risers and mooring lines (Chakrabarti, 

2005; Rustad, 2007; He and Low, 2012). 

Those types of structures, which will be further referred to 

as ‘lines’, present both a highly nonlinear mechanical behavior 

and a great variety of environmental phenomena associated 

with their movement, making appropriate analysis and 

simulation a very important and complicated issue for 

designers to address. Among the phenomena related to 

dynamical excitation on marine lines, waves, currents, vortices 

and the displacements prescribed by the floating unit can be 

cited. The nonlinear interaction between several possible 

variations on those parameters is part of the reasons why 

proper analysis of offshore lines is so critical (Wu, 2003; 

Chakrabarti, 2005; Rustad, 2007; He and Low, 2012). 

The level of complexity to be dealt with and the 

importance of more precise and refined tools to enable 

exploration on deep water, along with the growth of the 

industry, motivated the development of softwares, frameworks 

and computational systems of all kinds. Emphasis is given to 

DYNASIM (Nishimoto et al., 2001), a framework used by 

PETROBRAS for FPSO simulation. 

Further inside the context of slender marine structures 

dynamic analysis, the occurrence of collisions between lines, 

especially risers, is problematic. Issues caused by line clashing 

include plastic deformations on pipes, fatigue, acceleration of 

corrosive damages, among other (Wu, 2003; Bai and Bai, 

2005; He and Low, 2012).  

To address complications arriving from line clashing, 

design guides for the petroleum industry usually limit or even 

forbid the occurrence of such events. When allowed, proper 

mechanical modeling of the stresses originated is required 

(Chakrabarti, 2005; DNV, 2009). Many commercial software, 

like Orcaflex© (Orcina, 2015), one of the markets references, 

are equipped with such tools of collision detection and 

modeling. 

However, even though clashing is a very important event 

to be considered, adaptations of collision detection strategies 

are not well documented for offshore engineering use, neither 

free, open source implementations were found. 

Aiming at those deficiencies, this paper presents a high 

performance, open source, free and documented object 

oriented implementation that is well suited to efficiently detect 

offshore line chasing. The C++ programming language is used 

for such purpose (Meyers, 2014; Stroustrup, 2014). 

2 DETECTION STRATEGY 

Computational systems used to analyze slender marine 

structures, which are much longer in one direction than the 

others, usually present information about their dynamics as a 

series of coordinates of discrete points along the lines axis. 

Thus, the lines and their curved geometry are essentially 

represented by a series of line segments, in a very simplified 

manner. To detect collisions between the discretized lines, one 

idea that comes to mind is to simply test the distance between 

every pair of line segments, which will be furthered referred to 

as ‘elements’. This method is known as the brute force 

method. 

However, despite being very simple and direct, brute force 

methods could turn out to be very slow and expensive as the 

number of elements analyzed increase, since they carry 

collision detection in quadratic complexity (Ericson, 2005; 

Ketchel and Larochelle, 2005; Berg et al., 2008). Such 
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characteristics of high computational cost and complexity may 

turn the brute force method to be impractical for deep-water 

scenario, as will be shown later. 

To reduce the time needed for detection to an acceptable 

level, one may use filters to fast and efficiently eliminate 

impossible collisions. One of those filters, in which this paper 

is based on, is the hierarchical bounding box method.  

The method consists of involving the desired object, 

usually of complex geometry, with a simple shape, and then 

progressively refining it. In this paper, we consider the 

analyzed lines, under nonlinear dynamics, framed by a box 

oriented with the coordinate axis, abbreviated as AABB (Axis 

Aligned Bounding Box), than progressively refine the 

encapsulation to better fit the geometry (Ericson, 2005; 

Ketchel and Larochelle, 2005; Berg et al., 2008).  

 This method is specifically applied by firstly fitting 

lines in an initial AABB and testing the boxes against each 

other to detect superposition. If a pair of boxes do not 

superpose, collisions between any pair of elements in the lines 

they cover are impossible and so do not need to be tested (Fig 

1).  

 
Figure 1. Illustration of two non-superposing initial AABBs. 
 

 If, on the other hand, those initial boxes superpose, the 

lines they involve are divided and encapsulated by smaller 

boxes (since they do not need to cover the entire line any 

more), which are again tested for superposition in a 

continuous process (Fig 2). This hierarchical behavior, which 

acts like a binary tree, is carried out until a pair of superposed 

boxes contains only a single element, where collision 

detection between line segments is finally tested.  

 
Figure 2. Illustration of the hierarchical process of divisions and 
superposition tests. 

 

The algorithm works well because AABBs superposition 

tests are very cheap and the number of needed tests, due to the 

hierarchical filter, is much smaller than in a brute force 

approach, for example. 

The idea of fitting line elements inside bounding volumes, 

as to reducing the number of tests necessary to detect 

collisions among risers, was used by Bernardes Júnior (2004). 

However, his implementation is restricted to post-processing 

applications, as it determines enveloping capsules to frame 

each segment of each line for all time steps in the simulation 

and later tests collisions between all pairs of elements inside 

superposing capsules.  

Even so being restricted to post-processing and using time 

coherence to fasten out detections, this approach can be 

significantly slower than the strategy proposed by this article, 

since the brute force method is still used to detect 

superpositions between the defined enveloping capsules. For a 

larger number of lines and segments, as shown in simulations 

carried out in this study, brute force approaches can turn out to 

be orders of magnitude slower, three in one of the examples 

presented. As so, a large number of time steps would be 

needed for this strategy to match the hierarchical AABBs 

performance.  

However, as the number of time steps gets larger, one can 

also expect larger enveloping capsules and a bigger number of 

superpositions, results in more unnecessary tests between pairs 

of elements. 

Another aspect in favor of the hierarchical AABB’s 

approach, other than not being limited to post-processing, is 

that it could have been used to replace the brute force method, 

defining bounding boxes to fit the enveloping capsules and 

carrying their division and superposition tests until capsule-

capsule detection. This would result in very little modification 

to the code used, since line segments are already represented 

as capsules in the proposed implementation. 

Another author that used a brute force method to detect 

collisions between risers was Senra (1998). This shows that, 

despite the fact that collision detection and modeling is an 

important issue, efficient open source, well-documented 

algorithms properly adapted to offshore engineering use are 

not easy to find. 

3  COMPUTATIONAL IMPLEMENTATION 

Once the collision detection strategy was defined and adapted 

to the offshore lines context, the implementation was carried 

out. The C++ programming language was chosen for the task, 

both for its recurrent use in high performance computing and 

its object orientation support (Meyers, 2014; Stroustrup, 

2014), resources largely used in the code.   

Following the principles of object orientation and code 

readability, a class named Boxes was created for encapsulating 

the collision detection tool and every individual and concise 

task required for the strategy to properly work was 

implemented in its proper short method. Since the 

implementation is meant to be open source, this approach, 

along with proper comments on the code, makes it easier for 

users to extend the developed tools, optimize individual 

methods and incorporate the strategy to their on 

implementations. 
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This section presents details of the Boxes class and some 

of its variables and methods are presented in the form of 

pseudo codes, figures and descriptions 

3.1 The Boxes Class 

The Boxes class takes three parameters to initialize, which are: 

the number of lines to be analyzed, given by an integer; the 

number of nodes discretizing each line, given by an integer 

array; and lastly the tolerance for the detection, as an array of 

doubles. Such tolerance may be defined as a distance added to 

the lines central axis during the box superposition and element 

collision tests, which can be the lines radius or other higher 

given value. So, the class’s constructor can be declared as: 
Boxes(int num_lines, int* num_nodes, double* tol); 

The constructor is responsible for properly initializing the 

internal variables used inside the implementation and 

acquiring the memory needed for it to run, being this memory 

later released by the destructor. 

Once the initialization is done, to detect collisions, a call to 

the public int test_collisions(void) method, which returns the 

number of collisions detected, is required. Then, test_collisions 

accesses two private methods declared as void 

first_collision_test(void) and void carry_on_superposition_tests(void). 

Those methods are respectively responsible for defining the 

sizes of the initial boxes and testing the superposition between 

all pairs of them and carrying the binary tree hierarchical 

process down to element collision tests, storing positive results 

in the process. Pseudo codes for both, on a simplified way, can 

be written as: 

 
void first_collision_test(void){ 
    //define initial boxes' sizes; 
    for(int i=0; i<number_of_lines-1; i++){ 
        for(int j=i+1; j<number_of_lines; j++){ 
            if(/*initial boxes of lines i and j superpose*/){ 
                // Store superposition;          
            }                
        }    
    } 
} 

     
 

void carry_on_superposition_tests(void){     
    while(/*there are superpositions to be tested*/){ 
        for(/*each i box superposed*/){ 
            if(/* the ith box has not been yet divided*/){           
                // divide it and redefine its size; 
            } 
            for(/*each j box superposed to it*/){ 
                if(/* the jth box has not been yet divided*/){           
                    // divide it and redefine its size; 
                } 
                if(/*Boxes contain merely one element each*/){ 
                    // Test element collisions and store positive results 
                }else{ 
                    // Test superpositions between divided  
                    //boxes and store positive results; 
                }            
            }        
        }    
    } 
} 

 

Inside those methods, several others are called in order to 

perform many individual tasks (divide the boxes, registry 

collisions, defined the boxes sizes based on the elements 

currently on it, etc.), so as to make code readable, modular and 

encapsulated. For the sake of brevity, those methods will not 

be deeply detailed. 

It is worth noting, though, that some selected methods are 

carefully declared as inline. The inline command is a hint for 

compilers to try replacing function calls by the code inside 

them, as to eliminate function call overhead. Since many 

methods used in collision are short, commonly performing 

compact and low cost single tasks, they are good candidates 

for the inline directive, which represents much more 

significant overhead reduction when applied to those types of 

functions, rather than ones that are naturally more expensive. 

Another relevant characteristic of Boxes methods is that they 

tend to appear inside loops, another reason for the use of the 

inline directive, which caused a reduction of almost 50% in 

the time spent in collision detection for the implementation.   

Another relevant aspect of discussion is the way the 

information about the lines is passed and stored by Boxes, as 

well as how to read it appropriately. Those can be respectively 

set on two small methods implemented in the class’s header 

file, declared as void set_coordinates(/*user defined*/) and double 

L(int line, int node, int xyz). The former works on a type defined 

by the user to store the information containing the positions of 

the points along the lines central axis (more adequately 

thought as some kind of memory address, like a pointer). The 

latter must define a way of returning a double, which represent 

the value associated with a particular node (of the 

discretization) of a particular line in one of the three possible 

Cartesian Coordinates in 3D space: x, y or z, respectively 

represented as 0, 1 or 2. Those two methods act as a layer of 

abstraction so that users can pass information to Boxes in 

ways that better fit the format of their own data structures. 

3.2 Superposition and Distance Tests 

The criteria used to verify superposition between AABBs 

is very simples: if the xmax of a box is smaller than the xmin of 

the other, or, similarly, the first box’s xmin is bigger than the 

second’s xmax, there is no superposition. The same procedure 

is applied to the y and z coordinates, resulting in a total of 6 

tests. If all tests fail, the boxes superpose. This kind of simple, 

fast and efficient one-dimensional approach is made possible 

by the box’s alignment with the axis.  

The element collisions test, on the other hand, is slightly 

more complex and computationally expensive. It is based on 

writing the normalized parametric equations of both line 

segments so that the parameters, named t and s, are defined 

inside the [0, 1] domain for the elements images. The pair of 

points associated with the smallest distance between the two 

infinite lines that contain the elements is defined as the one for 

which the vector connecting them is simultaneously parallel to 

both the lines direction vectors. If both points lay inside the 

domain of their respective elements, they already define the 

smallest distance between them. If not, since points of equal 

distance draw ellipses on the s-t plane, the edges of the 
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domain must be checked, as they contain the pair of smallest 

distance points (Fig. 3). 

 
Figure 3. Illustration of distances and minimums on the s-t plane. 

 

It is worth noting that it is not necessary to always test the 

4 edges. Depending on where the global minimum is found, it 

can only ‘see’ at most two of them, a property used in the 

implementation. To find the local minimum inside the edges, 

one needs simply to derive the distance function with respect 

to the parameter used for defining them (since the other is 

fixed). More details about this approach can be found in 

Ericsson (2005). 

4 NUMERICAL TESTS AND CODE VALIDATION  

In order to validate the implementation, two numerical 

examples were defined, corresponding to hypothetical line 

arrangements for deep water petroleum exploration. Those 

arrangements were simulated in the Laboratory of Scientific 

Computing and Visualization of the Federal University of 

Alagoas (LCCV-UFAL). 

Both examples compare the computational cost and 

detection fidelity between the implemented tool and the brute 

force method.  

4.1 Example 1  

The first example consists of a typical FPSO. Risers (in green) 

assume the shape of catenaries and mooring lines (in blue) are 

tensioned as to reduce movements in the floating unit (Fig. 4).  

 
Figure 4. First line arrangement analyzed. 

 

Water depth in this example is 2,100 m, being 

characterized as ultra deep. The arrangement consists of 67 

lines, being 24 mooring lines and 43 risers. Mooring lines are 

discretized by 206 elements each, while the risers use 100 

elements. 

The arrangement was simulated using DYNASIM and a 

dynamical history of 200 time steps of 0.5 s each was 

obtained. The implemented strategy was then used to analyze 

the data obtained. The same was done using the brute force 

method. Results for different tolerances, representing the 

distance bellow which a collision is considered between any 

pair of elements (twice the constant distance added to every 

line through the tolerance array) can be seen in Table 1. 

 
TABLE 1. RESULTS FOR THE FIRST ARRANGEMENT 

Tolerance 

Distance (m) 

 Hierarchical 

Bounding Boxes (s) 

Brute Force 

Method (s) 

1.0 0.18 108 

2.0 0.19 108 

3.0 0.22 108 

4.0 0.22 108 

5.0 0.23 108 

 

Results clearly show the efficiency of the implemented 

strategy as extremely reduced computational demanded times 

were observed (approximately 1 µs for each simulation time 

step). The brute force method, on the other hand, proved to be 

three orders of magnitude slower. This difference can be 

attributed to the complexity presented by the methods: while 

the hierarchical bounding box approach, which behaves like a 

binary tree, has a logarithmic complexity, the brute force 

method behaves quadratically, resulting on a steamily high 

(and fast growing) computational cost for a larger amount of 

segments, as is the case. It is worth noting that this property of 

logarithmic behavior makes the implemented strategy very 

well suited for heavy simulations, since time spent on 

detection grows slowly as the number of elements analyzed 

increase (Ericson, 2005).  

It is notable that the time spent by the strategy carries some 

dependence on the tolerance used. This behavior is expected 

as the box sizes are increased by the given distance, so to not 

incorrectly filter possible collisions. Those increased sizes 

make it easier for superpositions to happen between pairs of 

boxes, carrying more tests through the analyses. The brute 

force method, on the other hand, shows no dependency on this 

distance, since all elements are tested against each other either 

way.  

Collisions detected by booth methods are strictly the same, 

meaning that no inappropriate clashing event is detected by 

the implemented strategy, neither is contact incorrectly 

discarded. This result proves the implementation also precise 

and reliable. 

4.2 Example 2 

In order to account for a more robust test, a second arrange 

was analyzed using a much larger number of time steps 
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(50,000) of 0.2 s each. This configuration, corresponding to a 

total of 130 lines (between risers, in green, and mooring lines 

in blue) contains some buoys to relief the high stresses on the 

top of the risers due to the elevated water depth (of about 

2,100 m, as before), as shown in Fig 5. 

 
Figure 5. Second line arrangement analyzed. 
 

In this arrangement, lines discretization vary largely, with 

30, 31, 42, 98 or even merely 5 elements per line. This poor 

and inhomogeneous discretization represents a critical 

scenario for the algorithm’s performance, since boxes 

containing longer elements remain significantly large even 

though they have already reached their final divisions. These 

larger sized boxes more easily superpose to others, elevating 

the number of tests needed. Such problem is reinforced by the 

fact that many boxes in their final divisions states have to 

‘wait’ for the others to carry on their divisions, since element-

element collision is only tested after the superposition of a box 

pair containing a single element is detected. The particular 

geometry created by the buoys can also negatively affect 

performance. Results for that particular example are presented 

on Table 2.  

 
TABLE 2.  RESULTS FOR THE SECOND ARRANGEMENT 

Tolerance 

Distance (m) 

Hierarchical 

Bounding Boxes (s) 

Brute Force 

Method (s) 

1.0 81.4 4918 

2.0 81.5 4915 

3.0 102 4916 

4.0 102 4930 

5.0 102 4929 

 

Results show, once again, extremely reduced 

computational times (of 2 µs at most for each time step) for 

the proposed implementation, especially when compared to 

the brute force method, though slightly greater than before for 

the reasons presented. It is worth noting that this 

computational cost is irrelevant when compared to what is 

needed to properly simulate the nonlinear mechanical behavior 

of offshore lines, especially if finer, more appropriate meshes 

are used. In spite being a coarse and inhomogeneous example, 

time spent to detect collisions on this arrangement represented 

less than 1% of what was needed in order to simulate it in 

DYNASIM. The same property is believed to be true for other 

software as well. 

Again, a perfect agreement is observed in relation to the 

detections made by both strategies, further validating the 

implementation. 

Results were generated using a DexPC desktop with 4GB 

of RAM and a Core i5 processor of 3,0 GHz by Intel. The 

C++ compiler of the GNU Compiler Collection (GCC) with -

03 optimization level was also used. 

5 CONCLUSIONS 

The proposed strategy proved to be very efficient, performing 

collision detections in less than 2 µs per time step even for the 

worst case scenario analyzed. It was also shown that its 

detections present high fidelity, neither improperly eliminating 

collisions nor accusing false positives. 

Although DYNASIM was used to make the tests, the 

implementation is platform independent and can be easily 

coupled with several other softwares, frameworks and 

computational systems, mainly because of its easy of use and 

expand philosophy, modularization and encapsulation. The 

few steps needed to merge the code with other 

implementations were described. Applying the same 

procedures to DYNASIM showed no complications 

whatsoever. 

Authors believe the implemented tool to nicely fill out the 

gap between the need for efficient, open source, well 

documented collision detection implementations specifically 

built for the offshore petroleum industry and the lack of such 

code outside commercial, closed software.  
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