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ABSTRACT

As the offshore sector moves to deeper waters, fiber ropes
have the potential to replace more traditional solutions such
as steel wire ropes for deep sea lifting and heave-compensated
operations. While steel wire ropes must account for their own
weight when determining the maximum depth that a payload
can be deployed, fiber ropes such as high modulus polyethy-
lene (HMPE), are more buoyant than their steel counterparts,
enabling payloads to be deployed at deeper depths using
smaller cranes. For this reason, companies are actively de-
veloping fiber rope cranes to be used in industry. The inher-
ent issue with these designs is monitoring the condition of the
fiber rope due the multitude of damage mechanisms and con-
dition indicators that exist, therefore determining the time to
rupture remains an unsolved problem. To this end, this pa-
per considers the use of computer vision to monitor the width
at discrete length sections and use that as a potential condi-
tion indicator. Furthermore, the paper describes in detail how
OpenCV is applied to detect the contour of the rope to find
the width, how the experiment has been performed, as well as
other practical experiences from testing a 28mm Dyneema R©

fiber rope. The experimental results show an exponential re-
lationship between the applied tension and the reduction in
width (which was reduced by more than 10% before rupture),
and it is believed that if the width can be monitored at discrete
sections along the rope over time, the width itself will prove
to be a good condition indicator.

1. INTRODUCTION

Fiber ropes have been used in a offshore context for a vari-
ety of purposes including mooring and general sailing. While
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the use of fiber ropes in the marine sector is not a novel con-
cept, the need to develop technology to adequately monitor
their condition is of paramount importance and has substan-
tial potential for progression. A particularly interesting alter-
native to steel wire ropes in offshore construction cranes that
is gaining increasing popularity, is that of fiber ropes. There
are already existing designs for fiber rope cranes by MacGre-
gor, National Oilwell Varco and Rolls Royce. The greater
buoyancy of HMPE fiber rope allows for smaller cranes to be
used while potentially reaching water depths between 3000-
4000m. Additionally this presents a saving in terms of mass
and vessel deck space required for offshore operations when
compared to steel wire rope designs. The inherent issue with
this however is the effect of heave compensation on the fiber
rope, which causes heat build up as it moves over the sheaves
to keep the payload at the same depth relative to the ocean
floor. This heat generation can lead to the ultimate degra-
dation of the rope through creep, therefore a suitable means
of monitoring the condition must be developed to judge the
remaining useful life (RUL).

In terms of industry standards, it is recommended by (DNV-
GL, 2005) that visual inspection of fiber rope is used to gauge
its condition. While this is accepted practice there is still the
distinct possibility for premature disposal of the rope due to
conservative limits on their use. The natural extension of a vi-
sual inspection routine is the use of computer vision for mon-
itoring purposes. Computer vision algorithms could be de-
veloped in order to automatically detect changes in the width
and elongation of fiber rope and could serve as a valid con-
dition indicator and lead to better understanding of the RUL
of fiber rope used in offshore operations. Width and elon-
gation measurements were chosen as the condition indicator
based on recommendation from industry expert Nick O’Hear.
Contributing factors towards inconsistent diameter measure-
ment in fiber ropes include cut strands, compression damage,
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Figure 1. Different kinds of rope damages. Cut strands (top
left), compression damage (top right), inconsistent diameter
(middle left) and pulled strands (middle right), heavy abra-
sion (bottom left) and melted fibers (bottom right). Repro-
duced with permission from Samson Rope Technologies.

pulled strands and heavy internal/external abrasion which can
be seen in Figure 1. In a recent patent (Van Der Woude &
Zijlmans, 2015) propose to correlate physical measurements
related to rope diameter, rope shape, elongation, creep, bend-
ing, tension and temperature to specific positions along the
rope to indication its current condition. Additionally another
patent by (Ilaka & Zerza, 2014) makes use of a clamp and
roller set up attached to springs to measure rope diameter.
The lower set of spring rollers in this device have rotary axle
where the measured diameter is transferred to a position sen-
sor. As a result, cross sectional changes can be monitored to
assess rope condition.

In general, condition monitoring of fiber ropes can be sepa-
rated into two different types; embedded and non-embedded
technologies. An example of embedded technology would be
the inclusion of a foreign material into the rope. Using this
approach it is possible to use magnetism, X-ray or terahertz
analysis to assess the rope condition as was demonstrated in
a patent by (Grabandt, Van Berkel, Oosterhuis, Mathew, &
Akker, 2015).

However for the purposes of this article only non-embedded
technologies will be considered. It is proposed that com-
puter vision will automatically monitor the changing width
and elongation through an algorithm formulated in OpenCV.
In terms of previous work in this field, computer vision for
condition monitoring has been researched using markings to
detect the length of wire. An example of this is a patent
by (Logan, Favrow, Haas, Stucky, & Baldwin, 2006) where
markings on load bearing members in elevators are used for
condition monitoring. The elongation between the markers is
measured but there is no mention of the width. (Logan et al.,
2006) also suggest the use of cameras as sensors for measur-
ing the elongation between the markers. There has been little

research into the use of monitoring the width of rope using
computer vision.

This work will document the application and results of an
OpenCV algorithm to detect the width and length changes
in a 28mm Dyneema R© fiber rope when subject to tension-
tension testing. The conclusions from these tests will be dis-
cussed and potential steps for future research to progress con-
dition monitoring of fiber ropes will be discussed.

2. COMPUTER VISION

Computer vision can be described as a computer understand-
ing the world in the same way as humans do through vision.
Through the use of digital images and videos, the digital sig-
nals can be processed through algorithms and interpreted as
useful information. Computer vision contributes to a number
of industries including manufacturing, medical diagnosis and
robot guidance. An example of computer vision being used
for condition monitoring purposes is in the agricultural in-
dustry. In their work, (Brosnan & Sun, 2002) used computer
vision in the inspection of fruit and berries to classify their
grade and quality.

The algorithm developed for this paper is based on color in-
terpretation, therefore the main concepts are discussed in the
following sections.

2.1. Software

The algorithm for width and elongation measurements was
developed using OpenCV with Python chosen as the pro-
gramming language. The versions used were OpenCV 3.2
and Python 3.6.

2.2. Color and Grayscale Representation

The outgoing digital signal from each pixel in an image is
usually represented by 8-bit of information for each sensor
in the pixel. If only one sensor is present in the pixel then
the signal is represented by 256 different values specified on
a scale where 0 is black and 255 is white. The computer
interprets these different shades of gray as a designated nu-
merical value for each pixel. In the case of color cameras,
each pixel has three sensors with one to represent each of the
primary colors (blue, green, red), known as ”RGB represen-
tation”. Incoming light to the camera is split into three dif-
ferent colors using optical filters and mirrors, where each of
the primary colors will be represented by a scale with values
from 0 to 255. This is equivalent to the possibility of 2563 =
16,777,214 different colors that can be assigned to each pixel.
Eq. (1) is the formula used by OpenCV when converting from
color to grayscale:

Y = 0.299 ·Red+ 0.587 ·Green+ 0.114 ·Blue (1)
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where Y is the optimised grayscale value in relation to human
perception of colors with regards to luminance (Moeslund,
2012). This will be used to turn the image of the fiber rope
into grayscale representation before further processing.

2.3. Thresholding

Thresholding is used to separate background noise from the
object of interest. In thresholding a value T between 0 and
255 is set, which will convert all pixel values under the thresh-
old to 0 and those that are over to 255. This relationship is
shown in Eq. (2) and Eq. (3):

if f(x, y) ≤ T then g(x, y) = 0 (2)
if f(x, y) > T then g(x, y) = 0 (3)

where f(x, y) and g(x, y) are a specific pixel on an image
before and after the thresholding operation respectively.

2.4. Hue, Saturation, Value (HSV)

Hue, Saturation, Value (HSV) is another method of represent-
ing colors in an image. Hue is the pure color represented by
the dominant wavelength in the perceived light with a given
value between 0 and 360 degrees, for example red, green
and blue all have Hue values of 0, 120 and 240 degrees re-
spectively. The Saturation and Value parameters represent
the brightness and darkness of the colors used respectively,
both of which can be denoted by a value between 0 and 255.
HSV representation makes focusing on a specific color (i.e
the color of the fiber rope) easier. As a default, OpenCV
makes use of Blue, Green, Red (BGR) representation and
must be converted to HSV representation. Conversion from
RGB to HSV is performed by Eqs. (4), (5) and (6).

V = max(R,G,B) (4)

S =

{
V−min(R,G,B)

V if V 6= 0
0 otherwise

(5)

H =

{
60(G−B)/(V −min(R,G,B)) if V = R
120 + 60(B −R)/(V −min(R,G,B)) if V = G
240 + 60(R−G)/(V −min(R,G,B)) if V = B

(6)

2.5. Border Method

In order to follow the outline of the fiber rope in the image, a
border following algorithm is employed. OpenCV makes use
of a contour finding method specified in work by (Suzuki &
Abe, 1985), where a raster scan is applied to an input binary
image. Essentially the algorithm follows pixels of the same
intensity or color to find the contour of the fiber rope in the
image.

Figure 2. Example of splice and eyelet at the end of a fiber
rope speicmen.

2.6. Green’s Theorem

Green’s Theorem is applied in OpenCV to the find the mo-
ment of the enclosed area made by the contour. It describes
the relation between the line integral around the closed curve
C, and the double integral over the plane D which C has en-
closed. If L and M have continuous first order partial deriva-
tives on D and the path of integration is anticlockwise, then
this can be represented as the mathematical expression shown
in Eq. (7):∮

C

(Ldx+Mdy) =

∫ ∫
D

(
∂M

∂x
− ∂L

∂y
)dxdy. (7)

3. EXPERIMENTAL SET-UP

The experiment consisted of multiple tension-tension tests
on different HMPE fiber rope specimens. The tests were
recorded and the video data was analysed using the OpenCV
algorithm to detect width and length changes in the fiber rope
specimens.

3.1. Equipment

The tension-tension testing was performed using a Wolport
tensioner machine, which is capable of delivering a maximum
load of 1000 kN. The fiber rope was secured into the machine
using two 25 ton rated shackles attached to eyelets located at
either end of the rope.

A 28mm Dyneema R© fiber rope consisting of 12 strands each
with 14 yarns was used. Eyelets for securing the rope into the
tensioner were made through splicing performed in house at
the University of Agder. The splice chosen was a modified
version of the Tuck-Bury eye splice in order to make the rope
specimen short enough to fit into the tensioner. It is worth
note that if this type of splicing is performed correctly, the
areas were the unspliced rope meets the spliced portion will
experience a 5-15% reduction in strength. As this is a modi-
fied version of the splice, it is expected that this strength re-
duction will be at least 15% or higher in this splice transition
zone. An example of the splice is shown in Figure 2.

The area where the width and length measurements will take
place is the portion of the rope between both splice transition
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Figure 3. The area where width and length measurements
were taken

Figure 4. Experimental set up. Here a fiber rope is secured
into the tensioner.

zones highlighted in Figure 3. Blue markers are placed on
this portion at roughly 100 mm apart for purposes of detect-
ing length measurement in the OpenCV algorithm. Creep is
a behaviour that occurs locally, therefore discrete measure-
ments at different portions of the rope will be of interest.

The experiments were recorded using a Logitech C922 1080p
web camera with a 1920x1080 resolution. Additionally the
camera was full HD and recorded at 30 frames per second
(fps). The camera was mounted so that it focused on the area
of interest where measurement occurred. This video was then
analyzed by the OpenCV algorithm.

A white backdrop was erected behind the tensioner rope in
order to distinguish the colors of the rope and markers from
background interference. The experimental set up is shown
in Figure 4.

3.2. OpenCV Algorithm

3.2.1. Length Measurements

The markers were applied to the rope in the area to be tracked
by the OpenCV algorithm. Blue was chosen as it contrasts
the colors of the yellow rope and white background. The al-
gorithm was programmed to measure the distance between
these two markers.

To detect the blue markers every frame of the video is con-
verted from RGB to HSV colour representation. The formula
for the transformation process for each pixel is highlighted by
Eqs (4), (5) and (6).

Once converted, a suitable search band has to be adjusted for
the algorithm to detect the color blue. OpenCV uses a slightly
different scale for the Hue portion of HSV representation as
previously highlighted. OpenCV uses a scale of 0 to 179 for
Hue, with blue to be equivalent to 120 in this range. Therefore
the search band values (including Saturation and Value) are
set with a lower band [90, 50, 50] and an upper band [150,
255, 255].

The contour is then detected around the marker sections using
the border method in the black and white binary image. In
order to avoid noise from smaller contours on the edge of
the markers, a threshold is applied so that only the large blue
areas in the range are detected. The area of interest in the
rope along with the binary image after this process is shown
in Figure 5.

Figure 5. Area with markers (left) and the binary image after
HSV conversion and thresholding (right).

The image detected essentially works as a coordinate sys-
tem. The centre point of both markers are found and given
as points (x1, y1) and (x2, y2) for points 1 and 2 respectively.
The distance between these points is used for the length mea-
surements, which are highlighted in Figure 6.

3.2.2. Width Measurements

The width measurements took place in the area between the
two markers. Three separate width readings were taken from
this area and were denoted as regions of interest (ROI).
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Figure 6. Measurement area with mid points of markers. The
distance between these points are used for length measure-
ments.

Figure 7. Areas with markers (left) and the binary image after
HSV conversion and thresholding (right).

The same conversion from RGB to HSV conversation occurs,
however in this instance the color of the rope is used. As the
rope is yellow the search bands for HSV thresholding are set
as a lower band [0, 50, 50] and [50, 255, 255]. The measure-
ment area in the rope along with the binary image after this
process is shown in Figure 7.

The contour is then found through the border method used
for the length calculation. The green contour is then applied
to the white portions of the binary image. Each pixel in the
contour around the rope has an assigned coordinate. For each
frame, the coordinates of each point in the contour are stored
in two separate arrays for the left and right sides of the rope.
This is performed for all three ROIs. The distance between
each point on the left and each point on the right is calculated
and the shortest distance is returned. This shortest distance
represents the smallest width recorded in each frame and is
show as a red line in Figure 8.

3.3. Method

Three different tests on separate rope specimens were per-
formed with width and length measurements taken in the area
between the markers applied to the rope. For all experiments

Figure 8. Measurement area with the three separate ROIs
highlighted. The red line in each section denotes the short-
est width measured during each frame.

the markers were applied at approximately 100mm apart. The
common aim in each test was to stretch the rope in the ten-
sioner until failure. Differences in terms of the markers used
and loads applied are detailed in the following sections.

Experiment 1: A permanent marker pen is used to draw
markers on the rope to be evaluated by the OpenCV algo-
rithm. There was a pre-load phase were the tensioner holds
the rope at 0.4kN and was steadily increased until 338.8kN
before stopping the test.

Experiment 2: Blue markers were used for length mea-
surements and to denote the area for the ROIs for width
measurements. There was a pre-load phase were the ten-
sioner holds the rope at 0.4kN and was steadily increased un-
til 310kN before stopping the test.

Experiment 3: Blue markers were used for length mea-
surements and to denote the area for the ROIs for width
measurements. There was pre-load phase were the tensioner
holds the rope at 1.5kN and was steadily increased until
290kN before stopping the test.

4. RESULTS

Three different experiments were performed using the de-
scribed setup. In the following results, a moving average filter
with window-size 50 has been used to smooth the width mea-
surements, while the length measurement is smoothed using
a filter with window size of 200.

In the first experiment the load was applied linearly from a
pre-tension up to 338kN from where the rope ruptured in the
splice above the region of interest. Figure 9 shows the exper-
imental results, where it is evident that the width of the rope
goes from 25.6mm down to 22.9mm at 150 seconds.
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Table 1. Comparison of results.

Time Exp 1 Exp 2 Exp 3
Load at rupture 338kN 310kN 295kN
Width reduction 10.5% 13.6% 11.2%
Length increase N/A N/A 1.9%

In the second experiment, the load is applied over a shorter
time (100 seconds). Figure 10 shows the experimental results,
where the width goes from 26.5mm down to 22.9mm right be-
fore rupture (from 140 seconds the width decreases linearly,
which might be the initial stage of rupture). Pay special atten-
tion to the exponential shape of the reduction in width, which
become apparent from this experiment. Going back to Fig-
ure 1, the same exponential relationship can be observed, but
with a much larger time-constant.

While the intention for the two first experiments was to also
measure the length using external markers, this proved to be
somewhat more challenging than anticipated as the marker
moved relative to the rope during the experiments. In the
third experiment, this issue was remedied and these results
therefore also contain the increase in length during the exper-
iment. Further, the load is here increased in a step-wise man-
ner up to 295kN, instead of linear increase, and over a much
longer time. Figure 11 shows the applied load, the width of
the rope together with the increase in length at the region of
interest. In this experiment, the width goes from 25.8mm to
22.9mm, while the discrete length increases from 100mm to
101.9mm right before rupture. The increase in length is mea-
sured by fixing two markers placed 100mm from each-other.
This means that the discrete length increases by 1.9%.

Table 1 shows a summary of the three experiments where it
can be observed that the width of the rope decreases in the
range of 10.5 - 13.6% before rupture, while the length in the
third scenario increases by 1.9%. It is evident that the width
and length of the rope changes during use, and as such can
be good condition indicators. All three test-samples ruptured
at 22.9mm, such that by monitoring the width and defining
a minimum value might serve as a way forward. The differ-
ences in width reduction from the three experiments are due
to sensor-noise and the fact that ropes are slightly different
based on tension, temperature, construction, etc. This means
that it is the change in diameter that should serve as a condi-
tion indicator, and not an absolute value based on the defined
diameter of the rope.

5. DISCUSSION

In all three experiments there was an exponential decrease
in the width measured as each load was increased. It is also
worth note that the separate fiber rope specimens used all rup-
tured at a width of 22.9mm. Additionally the width measure-
ments across all three experiments vary as there are different

Figure 9. The first experiment where the load was increased
linearly until rupture.

Figure 10. The second experiment where the load was ap-
plied (almost) linearly with a shorter duration than the first
experiment.

starting widths from slight differences in each rope prepara-
tion routine. When each fiber rope specimen is prepared, a
splicing process takes place and no two routines will be ex-
actly the same, causing discrepancy in the measurements be-
tween each test. The ruptures that occurred during testing
all came at the splice due to the reduction of the strength in
this portion of the rope. In addition to this, as creep is a lo-
cal phenomenon and will not act the same across the whole
length of the rope contributing to varying results. The results
do indicate that computer vision is a valid method of tracking
the width of fiber rope during tension-tension tests. However
in terms of length measurements a new method of attaching
markers to the rope has to be found as the previous method
led to invalid results from the first two experiments. The
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Figure 11. The third experiment with a step-wise load curve
and a longer time-period.

length measurements from the third experiment indicate that
it is possible to monitor the length but an improved method is
required. Finally the overall results from the tension-tension
tests conducted cannot be directly compared to the behav-
ior of rope under long term creep at lower magnitude loads,
however it has been demonstrated that changes in width mea-
surements are detectable by applying this method and could
be monitored over a longer period of time.

6. CONCLUSION

The overall results indicate that it is possible to monitor the
width and length measurements of a fiber rope under tension-
tension testing. They also indicate that there is potential in
using these measurements as condition indicators to evalu-
ate the state of a fiber rope. However, the application that
is of most concern is the effect of heave compensation on
fiber rope. In the future, it is proposed that this technology
is applied to fiber rope undergoing a cyclic-bend-over-sheave
(CBOS) regime to simulate the effects of offshore lifting op-
erations. There is also the possibility that computer vision
could be extended to monitor the rope for other damage such
as cut and pulled strands affecting the outer geometry. Addi-
tionally, it is desirable to combine this with other technologies
such as thermography, CT scanning and embedded conduc-
tive threads in the rope to monitor the condition of the rope

and improve estimates of RUL by considering other damage
mechanisms. It is hoped that with this potential combined
technology approach, it will be used to log the conditions
experienced by the fiber rope during offshore operations, of
which width and elongation measurements detected by com-
puter vision will form a constituent part.
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