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Abstract 

Marine growth can substantially affect the hydrodynamic properties of subsea infrastructure. The ability to accurately quantify this 

growth is essential for designing and maintaining subsea structures. Traditionally, quantifying marine growth has been done by 

applying simple ratio equations putting in relationship the known distance of an object and its length observed in the image to the 

length of an unknown object only observed in an image. This method is very sensitive if measurements are not taken in the same 

plane. Hence, this study aims to establish a method for creating a 3D model of a subsea pipeline segment based on Structure from 

Motion (SfM). The proof of concept is done using a case study. For this study, Remotely Operated Vehicle (ROV) footage from a 

2019 inspection survey is utilised. The scenario in which the procedure is tested represents a difficult, but realistic test case. Despite 

the lack of metadata, video quality and obstructions (e.g. watermarks), meaningful results were produced. The SfM workflow 

included masking obstructions (e.g. watermarks), and an iterative camera alignment procedure to generate 3D models, enabling the 

measurement of marine growth using either the models or ortho images created. While the resulting models were sufficiently 

accurate to provide meaningful measurements for harder growth types, the method faced challenges in accurately modelling softer 

growth types, suggesting the need for further refinement. Nevertheless, SfM was proven to be a more reliable method of measuring 

biofouling than the ratio approach that been traditionally used. 

1. Introduction

Marine growth, also known as biofouling, typically describes 

the process in which aquatic organisms settle and develop on 

artificial structures and is a serious issue for many maritime 

industries (Maduka et al., 2023). The development and 

inhabitation of marine organisms on underwater infrastructure 

gradually led to substantial implications for engineering, 

affecting both maintenance and design aspects. A greater 

understanding of marine biofouling is a priority for researchers, 

and with the continued growth of maritime industries, it has a 

global relevance (McLean et al., 2020). 

Maintenance, inspection, and repair activities for subsea 

infrastructure, including wells, jackets, mattresses, and 

pipelines, are frequently conducted using remotely operated 

vehicles (ROVs). Previous studies have used structure-from-

motion (SfM) to map and measure marine growth and subsea 

structures (Kikuzawa et al., 2018; Bayley and Mogg, 2020; 

Lange, 2020; Rofallski et al, 2020). However, the data capture 

for these studies has been carefully planned and undertaken in 

near-ideal situations. Part of the challenge of this study was to 

adapt the methods developed previously to a far more 

challenging scenario as we are dealing with legacy data. 

Globally, these inspection campaigns generate millions of hours 

of footage, documenting the structures and their associated 

marine life. Leveraging this extensive footage to extract 

valuable data holds potential benefits for both, the industry and 

the scientific community (McLean et al., 2020). An issue with 

historical footage is that some metadata (such as position 

information) may no longer be available or was not collected as 

part of the original survey. 

In this study, a survey designed to observe and document 

spanning is being adapted to model marine growth. In using 

archival footage, the scenario of not having ideal data would be 

common, and thus developing processes that can work in less-

than-ideal situations, would be important in allowing the 

utilisation of vast stores of footage. 

This study aims to prove the concept that photogrammetry can 

be used to harness archival ROV footage of a pipeline and to 

measure the growth of biofouling on the pipeline. As part of this 

study, three-dimensional models from the footage were created 

which consequently allowed for measurements of the marine 

growth present on the pipeline. The genesis of this study 

originated from an industry-driven need to quantify marine 

growth more accurately and to model its impacts on the 

hydrodynamics of the pipeline. 

The paper is structured as follows. First, in (Section 2) the 

background section, we present the existing workflow to 

measure biofouling on pipelines, and will show how Structure-

from-motion (SfM) can enhance the existing method. Next, in 

Section 3, the dataset used for this proof-of-concept study is 

introduced. Our method for the processing of the data is 

introduced in Section 4, and is followed by results (Section 5) 

and conclusions and discussions (Section 6).  

2. Background

Video capture are, and will continue to be, key elements in 

inspection surveys, but subsea photogrammetry differs from in 

air, additional factors including suspended particles in the water, 

random refraction and the effects of artificial lighting must be 

considered (Chemisky et al., 2021). Traditional 

photogrammetric methods need to know either the position and 

orientation of the camera(s), the coordinates of control points to 

reconstruct a scene, or use a camera calibration frame 

(Luhmann et al, 2014; Shortis, 2019; Mufti et al., 2023). In 
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comparison, the control and positioning of an ROV often being 

considerably more difficult than for a terrestrial camera 

platform. 

 

Quantifying marine growth using archival footage has been 

done so far by applying simple ratio equations. Close to the 

biofouling being measured, the distance of a known object in 

the images is selected. The ratio of the pixel distance which 

covers the known object and the known distance of this object 

in [m], is then applied to the pixel distance of the unknown 

object (the biofouling). An example is shown in Figure 1. The 

diameter of the pipe is known, and its pixel distance is observed 

in the image (white line in Figure 1). Then, the distance of the 

biofouling (black line in Figure 1) is selected and its metric 

distance is derived. 

 

Figure 1. Old method of measuring using ratio of pixel distance. 

 

However, this method is prone to errors if the two distances are 

not located in one plane. In this case, the displacement in the 

image (Δr) will depend on the off-plane distance (Δh) as well, 

the distance to the image centre (r), as well as the distance of the 

camera to the object (h) as shown in equation 1 (Luhman et al., 

2014). 

 Δr = r / h · Δh (1) 

  

The displacement Δr should be considered when the ratio 

equation is applied. However, this is usually not done. 

 

The existing methods can be enhanced by 3D models derived by 

Structure-from-motion (SfM). SfM operates on a principle 

similar to stereoscopic photogrammetry, allowing for the 

creation of 3D models from overlapping images. The key 

distinction between traditional methods and SfM lies in the 

absence of control points in the latter. Camera positions and 

orientations are determined as part of an iterative bundle 

adjustment process based on features derived from the 

overlapping images. SfM is most effective when the entirety of 

the 3D scene can be captured from a wide array of positions or 

using a moving camera (Westoby et al., 2012). 

 

In SfM, extracted features are tracked between images, and 

these features are subsequently used to estimate the camera's 

position. This process is iteratively executed to refine the 

positions. Due to the absence of control points in SfM, the 

results lack scale and orientation, resulting in point clouds being 

created in object space. Key points are identified in each image, 

and the quantity detected heavily depends on image texture and 

resolution. The photograph's density, sharpness, and resolution 

will dictate the quality of the resultant point cloud. The 

minimum requirement for effective operation is for 

corresponding features to be visible in a minimum of three 

photographs (Westoby et al., 2012). 

 

 

3. Dataset 

The videos used for this research were captured during an 

inspection survey conducted in 2019 of the TasGas pipeline, 

which was installed in 2002, between northern Tasmania and 

Victoria, Australia. Video footage was obtained from three 

cameras mounted on the ROV capturing the right, left, and top 

of the pipeline. The cameras positioned on the left and right 

sides of the pipeline were standard definition (SD), while the 

camera situated above the centre of the pipeline captured 

footage in high definition (HD). Unfortunately, no information 

regarding the specifications of the cameras, their positions 

relative to each other, or their relationship to the ROV was 

provided. The only additional information available was 

positional data embedded in the video in the form of text, which 

contained easting, northing, kilometre point (KP), depth, and 

heading. 

 

 

4. Methods 

The SfM processing procedure is summarised in Figure 2, with 

the individual steps detailed in the sections below. For image 

processing, the Metashape software was utilised due to this 

project being an industry-led project.  

 

 

Figure 2. Structure-from-motion processing workflow. 

 

4.1 Importing of video  

The initial step in the workflow, involves importing the video 

into the Metashape software. Within this stage, the specific 

portion of the video is to be imported and the frame jump 

parameter can be chosen. The video was captured at a rate of 20 

frames per second for all three cameras, and to ensure adequate 

overlap between images, a frame jump of 5 was employed 

during the import process. Metashape subsequently converts 

and saves the video as individual images, from which the 

subsequent stages of the process are carried out. Should 

additional images be required, an additional segment of the 

video could be imported, and the resultant images incorporated 

into the existing dataset. 

 

4.2 Masking 

In this study, the ROV video footage frequently contained text, 

watermarks, or pieces of equipment within the image (Figure 3). 

These elements can pose challenges when attempting to 

construct a 3D model. The masking process was conducted in 

Metashape. The areas to be masked were manually outlined on 
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the image (Figure 3). The masking was performed manually as 

this research is a proof-of-concept paper only. This step can 

easily be automated. 

 

Two separate masks were created: one for the centre camera and 

another for the left and right cameras, as they exhibited different 

obstructions. Each mask was then saved to a file for easy access 

and application to images. The application of the masks occurs 

after the images are loaded into the project. The mask is 

imported and set to 'apply to all images', ensuring that every 

image in the set receives the mask. 

 

 

Figure 3. Example image used, and the masking is shown as 

shaded areas. 

 

4.3 Image Alignment 

The most critical phase of the procedure is the alignment of the 

images, which entailed estimating the camera parameters and 

their positions using a bundle adjustment. The absence of 

camera parameter information, coupled with a suboptimal 

geometry for their estimation, and variable image clarity, 

rendered image alignment particularly challenging. Efforts to 

align entire image sets frequently resulted in the 'spiralling' of 

camera positions (Figure 4), or sometimes only partial sections 

are being aligned successfully. Despite multiple attempts with 

different frame jumps and pipeline sections, the images could 

not be reliably aligned using large single sets of images. Effort 

was also made to utilise the embedded positional data; the data 

was manually written into a text format for a small section of 

pipe for a single camera and imported into Metashape. The 

alignment conducted using the reference data showed no 

measurable difference from those completed without it, so it 

was not used in further processing given the considerable time 

required to create the text file. 

 

Through experimentation, an incremental image alignment 

approach was utilised to achieve a more reliable alignment 

process that could accurately determine camera positions and 

parameters (Figure 5). This method commenced with the initial 

alignment of a small subset of photos, ranging from 10 to 20. 

Subsequently, additional photos were incrementally added, with 

10 photos being added in this study (as the total number of 

images in the set increased, a larger number of images could be 

added at each step). The masks were applied to the newly added 

images, and the entire photo set was aligned without resetting 

the initial alignment results. A gradual selection process, similar 

to that employed by Lange and Perry (2020), was implemented 

to eliminate tie points with high reprojection error. Given that 

the total number of points in the point cloud was lower than in 

previous studies to use this approach, the selection process was 

more conservative with only 10-15% of points being selected 

and removed. Following the removal of these points, the camera 

calibration was optimized again, before adding in another set of 

images. This procedure was iterated until the entire area of 

interest was covered. 

 

 

Figure 4. An example of an incorrect alignment of pipeline data. 

 

 

Figure 5. Iterative alignment process. 

 

Figure 6 illustrates the resulting camera positions from the 

alignment of the left camera, which more closely mirrors the 

path of the ROV, signifying a successful resolution of the 

bundle adjustment. This process was carried out for each of the 

three cameras along the area of interest. At this point a camera 

report can be generated inside the software to check the quality 

of the alignment. 

 

 

Figure 6. Successful image alignment of pipeline data. Clearly 

showing the three cameras (one centre and two to each site) 

installed on the ROV. 

 

4.4 3D Model Creation 

The image alignment process creates a sparse cloud of tie 

points, from these tie points several 3D models can be 
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computed. The first model made was a dense point cloud 

(Figure 7). This model is likely the most useful in 3D analysis 

of the pipeline and the growth, as individual points can be 

picked to quantify the growth. The next model that was created 

was a textured mesh (Figure 8), which overlays the images onto 

a mesh created from the dense point cloud. While the textured 

mesh is useful for visual analysis of the pipe, the interpolation 

used to create the mesh lessens the level of detail available 

compared to the dense point cloud, due to the complexity of the 

data. Perhaps the most useful output for this study, was the 

creation of orthoimages, as these allowed for the 3D 

measurement of the growth. 

 

 

 

Figure 7. Dense point cloud of the pipeline. 

 

Each of the cameras was processed separately up to the creation 

of the dense point cloud, at this point, to make a full model 

using all three cameras, the chunks that each camera was 

processed in must first be aligned and then merged (Figure 9). 

The alignment can be completed using a combination of either 

the tie points, dense point cloud, mesh, or markers. Markers in 

Metashape act as a control point within the object space, 

markers can be manually picked at common points between the 

images for one camera or between cameras. 

 

Figure 8. Textured mesh of the pipeline. 

 

 

 

Figure 9. Combined model: Top: Right side of the pipe. 

Bottom: Left side of the pipe. 

 

4.5 Scaling and measurements  

Given there were no control points or scale bars present on or 

around the pipeline, the 3D models created have no metric 

scale, nor are orientated to the real environment in which they 

were captured. As orientation was not important for this study, 

the focus was on scaling. The scaling was completed using a 

scale factor that scales the entire model by the same factor. For 

this project, the scaling can be completed because of the known 

diameter of the pipe of 432mm. Further distances can be 

calculated between two cameras from the positional data 

displayed in the images. The model was scaled until these 

distances matched the reference distances (Figure 10). The 

scaling in Metashape was limited to only the whole model 

scaling using a scale factor (see Figure 10). 

 

 

Figure 10. Scaling using Metashape. 

 

For this study, measurements were made of the same sponges 

and algae in all three models. The measuring of the marine 
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growth could be done either on the dense point cloud, textured 

mesh or orthoimages. Measuring in Metashape is done by 

picking two or more points on the model and is a simple 

process. Attention was paid to where the previous studies had 

measured from as this is an obvious source of error in the 

measurements, the picking of these points was far easier on the 

photos given they had not been distorted at all to fit the 3D 

models and showed the greatest level of detail. Measurements 

taken using the dense point cloud returned almost identical 

results, although picking the points to measure from was more 

difficult, as the level of detail was not as great as in the photos. 

Any difference between the two measurements is likely due to 

human error in picking the two points to measure between. 

 

 

5. Results 

The main challenge for the evaluation is missing reference data 

as we deal with legacy data. Instead, we have performed first a 

qualitative analysis (visual assessment) followed by the 

comparison of measurements derived from the traditional 

method with the new proposed method.  

 

5.1 Qualitative Assessment 

Looking at the models created, it was clear that the scene had 

been correctly reconstructed, as there are no major errors with 

the point cloud. It did, however, show some weaknesses in the 

models. In all models created, a slight bending of the pipe was 

present. Overall, the bend was gradual, the greatest extent of it 

is present at either end of the area modelled. The bending is a 

known issue, and is caused due to a weak estimation of the 

camera calibration parameters due to the lack of control or 

being able to change the configuration in which the images have 

been taken (Griffiths, D. and Burningham, 2019). While this 

bend will impact any measurements performed along the 

pipeline, it should not, or only very little, impact the 

measurements perpendicular to the image path. Hence, it is 

likely not to have a significant effect on the marine growth 

being assessed.  

 

The visual inspection of the models also shows “empty” areas 

behind marine growth. This is a result of the camera angle and 

the path of the ROV. Essentially only one face of the sponges 

could be observed, meaning accurate volumetric analysis is 

prohibitive.  

 

Another visually apparent result, was the effect of the soft algae 

growth. Firstly, tie points were not able to be extracted from 

image areas showing soft alga. This was caused by the algae 

moving between image frames and missing distinct features. In 

contrast, areas of seabed or hard growth had far more tie points 

found.  

 

Lastly, looking at the combined model of the entire pipe the 

bending previously mentioned has resulted in some, small 

offsets between the three cameras. This was again most 

prominent at the ends of the area modelled. The alignment 

between the left and centre cameras was more difficult to 

achieve given the left side of the images from the centre camera 

was masked due to the embedded text and the ROV frame, thus 

the available number of tie points was far fewer. 

 

5.2 Quantitative Assessment 

The quantitative analysis compares measurements taken using 

the traditional method and measurements derived from the 3D 

reconstruction. As introduced in the background section, the 

traditional method is done simply by scaling the pipe and 

marine growth from the 2D image using basic ratio equations 

(Figure 1).  

 

The measurements in Metashape are taken using the results 

from the creation of 3D models. Given the quality of the 

models, it was found to be easier to take measurements on the 

images themselves in which the marine growth is present. These 

images are orthoimages and distances are assumed to be in 

object space. An example is presented in Figure 11 which 

shows a digitate sponge (Sponge 1).  

 

 

Figure 11. Derived measurement of a digitate sponge using an 

ortho-image. 

Two sponges one algae were measured using the traditional and 

the SfM method shown here for comparison (Table 1). The 

difference between the two methods was small for the sponges 

(maximum of 2.5 cm). Whereas, the measurements of the algae, 

showed a much larger difference between the two methods. The 

traditional method gave a distance of 18.6 cm, and the SfM 

method a distance of 27.5 cm. The suspected reason behind the 

difference is the issue related to the algae’s movement in the 

currents. Consequently, the point cloud around the algae is far 

sparser and more inconsistent. However, the movement of the 

algae could also impact the measurement using the traditional 

method, due to the movement in and out of the optical plane to 

perform the measurements. Analysis of the video would suggest 

the algae was no longer than the digitate sponge (sponge 1). 

Thus, an error is more likely to be present in the measuring of 

the algae using the SfM based method.  

 

 Traditional 

Method (cm) 

Method based 

on SfM (cm) 

Difference 

(cm) 

Sponge 1 24.8 22.3 2.5 

Sponge 2 24.9 27.1 2.2 

Algae 18.6 27.5 8.9 

Table 1. Biological growth measurements. 

 

Another way to assess the quality of the model is to look at the 

accuracy of the point cloud itself, Metashape can generate a 

processing report that includes such data. The ground resolution 

of the point cloud was 1.5 mm/pixel and the reprojection error 

was 0.481 pixels, these values indicate the point cloud closely 

matched the real scene. 

 

6. Conclusion 

The scenario in which the SfM procedure for measuring marine 

growth was tested, represents a difficult, but realistic test case. 

Given the lack of metadata, video quality and obstructions (e.g. 

watermarks), having been able to produce meaningful results 
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here shows its promise in future works. The results indicate that 

the procedure developed using SfM can provide suitable 

measurements of marine growth on subsea structures. This is 

true, especially for hard growth. Softer growth is more difficult 

to model due to matching challenges. Nevertheless, the use of 

SfM for measurement of biofouling is a more accurate approach 

than the traditional approach of applying simple ratio equations, 

especially if the scaling object and the biofouling to be 

measured are not in the same plane. Moreover, the error of the 

ratio method increases, as the separation in planes of the scaling 

object and the measurement target increases. 

 

The scope for future work in this area is large, specifically 

relating to this study. Further works that have access to camera 

details or positions could provide better results, different water 

conditions and camera orientations would also provide 

interesting studies. Additionally, evaluation of open-source 

photogrammetry software solutions (Vacca, 2020), would make 

this workflow more accessible. In a broader sense, the ability to 

create 3D models from legacy data could help the creation of 

digital twins, for CFD modelling, monitoring of changes to 

biofouling could also be aided by such development (Chen et 

al., 2022). 
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