'.) Check for updates

Hindawi

Journal of Sensors

Volume 2020, Article 1D 5609168, 14 pages
https://doi.org/10.1155/2020/5609168

Hindawi

Research Article

Geometrical Properties of Spilled Oil on Seawater Detected
Using a LIDAR Sensor

JungHwan Moon® and Minwoo Jung

CARNAVICOM Co., Ltd., R&D Center, 21984, Republic of Korea

Correspondence should be addressed to Minwoo Jung; jungminwoo80@gmail.com

Received 10 October 2019; Revised 18 November 2019; Accepted 17 December 2019; Published 1 February 2020
AcademicEditor: Xavier Vilanova

Copyright © 2020 JungHwan Moon and Minwoo Jung. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work
is properly cited.

We report on a small-size light detection and ranging (LiDAR) sensor, whiefs the possibility of being used in theld during

oil spill incidents. In the present study, we develop an algorithm that can distinguish between seawater and oil through the use of a
laser at 905 nm wavelength. We investigate the ability of the sensor to detect tereatddil types (light crude, bunker A, and

bunker C) through experiments and analyze thesdénces between the types and volumes of spilled oil (1, 5, 10, 15, 20, 25, 30,
35, 40, and 50 mL). The results showed that our algorithm for detecting oil spills over seawater was successful: the LIDAR sensor
was able to detect dérent oil types and volumes. Spilled oil area coverage ranged by more than 50% of the detected area, and
the viscosity of bunker C oil reached up to 73%. In addition, the experimental oil spills were mainly formedno$ oif 1 mm

and 2 mm thicknesses, which camed geometrical properties. Follow-up research should further investigate the characteristics

of oil slick thickness measured by the LIDAR system and undertigests to assess the feasibility of using the LIiDAR system

in pollution incidents.

1. Introduction tion and for verifying predictions of the movement and fate
of oil slicks at sea [3].

Economic development generally results in an increase At present, oil spills are observed using satellites and
in volume of marine transportation, which subsequentlyaircrafts, and their diusion paths are subsequently pre-
increases environmental pollution of the ocean [1]. In partic-dicted using computer simulations. However, satellites are
ular, oil spills from vessels can cause disastrous pollution arekpensive to use and only provide very limited information.
can result from incidents that are a consequence of variousurthermore, computer modeling of the spread of the oil
factors including weather conditions and human error. Suctspill is associated with uncertainties since the results are
incidents can in turn lead to social and economic damage asased on the input conditions for the environmental and oil
well as environmental pollution. In the case of oil spills, it isspill parameters.
therefore very important to respond quickly to the vessels A variety of techniques have been investigated for detect-
involved. Historical incidences of oil spills have highlightedng marine oil spills, including a mass analysis method of oil
the need for a method that can quickly recognize informatiortypes and components [4], ultraviolet (UV)uorescence
on the spilled oil in order to facilitate prompt, active responsemeasurement with detection of electrical properties of water
activities. In 2017, there were 250 small incidents in Koreand oil [5, 6], measurement of volume changes in silicone
(<1KkL), which accounted for 92.3% of the total incidents [2].rubber against oil [7], and detection using €liences in

At the outset of an incident, reports relating to variousabsorbance [&L1].
conditions are vital to establish the nature and scale of pollu- Cameras relying on visible light are widely used to record
tion. Gaining an understanding of the spilled oil amount is anthe distribution of oil on the sea surface; however, they are
important element of an ective response to most oil spills, a ected by it being either day or night. The most commonly
both for assessing the location and extent of oil contaminaemployed combinations of sensors include side-looking
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airborne radar (SLAR) and downward-looking thermal 905nm wavelength. We further investigate theedénces
infrared (IR) and ultraviolet (UV) imaging systems. Other between the types and volumes of spilled oil through experi-
systems such as forward-looking infrared (FLIR), microwavenents and analysis of the results.

radiometers (MWR), laseruorosensors (LF), and compact

airborne spectrographic imagers (CASI) may also provid® Materials and Methods

information [3].

UV, thermal IR, FLIR, MWR, and CASI are passive sen2.1. Measurement Methdd. the present study, the LIiDAR
sors that measure emitted or exted radiation. With the system (a three-channel scanning method) using a near-
possible exception of MWR, they are unable to penetratafrared 905 nm wavelength laser was designed to sense oil
cloud cover, fog, haze, or rain. MWR can provide informa-on the surface of seawater.
tion on the thickness of oil on the sea surface but are unable The LIiDAR sensor was originally developed in the 1960s
to do so if oil has emulsed. Radar systems can penetratefollowing the invention of laser and distance measurement
cloud and fog, during the day or night, and can operate undetechnology. Since the 1970s, the LIiDAR sensor has been
most conditions, although they are lesgive both in calm developed and applied to variouslds, and its scope has
conditions and in strong winds. However, radar imagerybeen expanded to applications such as aerial mapping, ship
often includes a number of anomalous features or false posilesign and manufacturing, and meteorological observation,
tives, which can be mistaken for oil, such as sea ice, algas well as having been installed in spacecraft and explora-
blooms, wind shadows, and rain squalls, and thus requireson robots.
expert interpretation [3]. LiDAR is a remote detection and ranging method that

Furthermore, while advances in technology have reducediorks much like radar, emitting infrared light pulses instead
the size of equipment, many remote sensing systems aoé radio waves and measuring how long they take to come
bulky and can only be used from dedicated aircraft in whictback after hitting nearby objects. The time between the out-
they are installed. Many of these methods also require thgut laser pulse and the rected pulse allows the LIiDAR sen-
development of additional functions such as an activatiorsor to calculate the distance to each object precisely, based on
source and image processing for detection. In additionthe speed of light. LIDAR captures millions of such precise
existing methods often require extra equipment, for exameistance measurement points each second, from which a
ple, a frequency generator, a spectrum analyzer, and a cap@® matrix of its environment can be produced. Information
itance meter. Although it is possible to detect water andn objects position, shape, and behavior can be obtained
spilled oil using the aforementioned methods, technical limfrom this comprehensive mapping of the environment [37]
itations (i.e., equipment size, data processing functions, ar(@igure 1).
extra equipment) occur when they are applied in situto real The e ciency of the radiating and receiving beams
spill incidents. depends on the optical path. The LIDAR uses a laser diode

The LiDAR involves the use of a laser that is mounted orto shoot from a point light source, and beam collimation is
an aircraft, drone, ship, or otherxed platform in various enhanced with a reective optical system, as opposed to a
water environments including the ocean, coasts, rivers, aneéfractive optical system. Figure 2 shows the design of the
estuaries. LIDAR can be applied to various situations, fooptical path based on a recting optical system. In the
example, for obstacle detection for spegdarameters [12, design, the laser beam is radiated horizontally by a scanning
13], estimation of oater concentrations on the surface oceanmethod. Each triangular mirror is designed with angles of -1
[14], veri cation of satellite measurement data [15-17],0°, and 1. By implementing dierent mirror angles, three
observations of vessel circumference/object detection, amtiannels can use a single laser diode.
the development of algorithms for recognizing and tracking  The LiDAR used in this paper senses the range of 120
the position of ships [1&0]. horizontal FOV and 2vertical FOV in 3 channels by 30 Hz

The LIDAR is able to operate normally in cloud cover,scanning frequency (Table 1).
fog, haze, or rain, during the day and night [21-26], and When sensing a surrounding area, the LIDAR receives
has been miniaturized sweiently to allow it to be installed data returned from the target among each point of the shot
in a small-size drone or boat [27, 28]. The detected data imser. The received laser points are displayed in real time
also intuitive upon viewing such that that expert interpreta-according to the reected time and position, and each point
tion is not required [2936]. The LIiDAR sensors have a much can subsequently be displayed in either 2D or 3D, as illus-
higher measurement distance and special resolution in contrated in Figure 3.

parison to microwave equipment. In addition, iteys the In this study, a laser beam is exted or refracted when
advantage of being able to measure 2D and 3D spatial disthey come into contact with the surface of seawater and oil;
butions in real-time detection. some of them return to the LIDAR and allow the distance

In this study, we aimed to address the limitations ofto be measured. To measure the thickness of an oil slick,
weather conditions, expert interpretation, device size, anthe sensing conditions of the seawater surface wst@na-
cost by using a small-size LiDAR, which can potentially bdyzed. The distance between the LIDAR and the seawater sur-
used quickly in the eld during oil spill incidents and @rs  face was then calculated as theedence in the oil thickness
the possibility of being installed in various types of equip{Figure 4). The LIDAR continuously senses the seawater sur-
ment. We outline an algorithm that we developed to distin-face. When an oil slick is detected, theedience in distance
guish between seawater and oil through the use of a laserthiat the LIDAR measures between the surface of the slick and
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Ficure 1: Principle of LiDAR.
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Ficure 2: Optical path based on a mcting optic of LIDAR: (a) drawing data; (b) rendering data; (c) three-channel laser beam by a

rotation mirror.
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Tasire 1: The three-channel LIDAR specation.

Items Description Product
Channels 3 channels

Light source 905 nm

Horizontal FOV and resolution 120/0.125

Vertical FOV and resolution 2

Scanning frequency 30Hz (max.)

Input voltage DC 1032V

Detection range Up to 100m

Dimension (mm)

127(W) x 66(D) x 70(H)
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Figure 3: Sensing a surrounding area with LiDAR.

@ (b)

Ficure 5: lllustration of the LIDAR (light detection and ranging)
sensor experimental set-up for (a) seawater only and (b) the set-
up using di erent oils (bunker C oil, bunker A oil, or light crude
oil) on seawater.

Oil slick Sea surface / LiDAR sensor
©)

Sea water

Ficure 4: Oil thickness is determined from laser beamecéed by
an oil slick; red lines indicate rected beams, and yellow lines
indicate absorbed beams.

Data

the surface of the surrounding seawater is used to determine PIOGesSIng
the slick thickness. Because LIDAR data may bected on computer
the seawater surface, the spilled oil is idexttiby the detec-
tion algorithm.

The LIDAR system was used to sense seawater only /| Water tank

Sensing
case

(Figure 5(a)) and then seawater plus one of the three types
of oil that are the major oils involved in oil spills caused
by ships: light crude oil, bunker C oil, and bunker A oil
(Figure 5(b)). Three separate experiments were carried Ficure 6: Test jig set-up used in this study.
out using 20mL of each oil to investigate oil thickness.
Then, experiments were carried out for each oil at increas-
ing volumes (1, 5, 10, 15, 20, 25, 30, 35, 40, and 50 mL) 2. Spilled Oil Detection Algorithimorder to determine the
order to investigate oil dusion. The experiment was con- correct continuity of oil spilled on the seawater surface in the
ducted in an environment where normal exposure to sunlighexperimental set-up, a laser point was projected in a two-
and exposure to an electric lamp were set up to mimidimensional space in the viewer program. We judged the
natural conditions. projection of the laser beam based on information such as
A test jig was made to carry out and record the LiDARdistance and angle from the position matrix. This method
measurements (Figure 6). The LIDAR system wasl to  would not be suitable for real-time clagstion because it
the upper part of a sensing case, and the water tank wagould require large computational and resource require-
placed in the bottom. The LIDAR system was maintainednents; hence, we classd the distances between the points
at a distance of 1.03m above the water tank surface. Thmeasured by the LIDAR laser using trigopnometry. We then
test sensing time was 10 seconds, and sensing measucemputed the distances between the LIDAR device and the
ments were taken 8 times per second, thereby allowing for@oints to establish an algorithm for determining the continu-
total of 180000 measurements (i#0Q points/1 channel x 3 ity of oil spillage. The LIDAR system used in the present
channels x 8times/s x 1D's study had a horizontaleld of view (FoV) of 120and was
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@ (b) (©

Ficure 7: Default settings for the sensing test: (a) LiIDAR data measured the sensing case inside, (b) LIDAR data with a measured empty
tank the sensing case inside, and (c) LiDAR data with measured seawater in a water tank the sensing case inside.
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Figure 8: 20 mL spilled oil measurement experiment over time: (a) light crude, (b) bunker A oil, and (c) bunker C oil.
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Ficure 9: Spilled oil distribution by level and thickness: (a) light crude oil, (b) bunker A oil, and (c) bunker C oil.

able to measure 750 points. The distances between the poiqsint were calcaulated. For this purpose, each point measures
and the angles between them can be calculated using the range of 12(from the origin of the LIiDAR device.
The coordinate value of poin{P,) is de ned as®,;, P,,)

: 5 5 when measuring the distanég from an arbitrary pointp,
Dy = \/(Dj xsin (£;))°+ (D;=D;xcos(2;))% (1)  measured with a horizontal spatial resolution of 0.Tée
x-value decides whether the measured data ai-theosi-
. . . . . tion is symmetric. In order to process the data quickly and
whereD, is the distance from point D;; is the distance from -, jetermine the measurement position, the values were sym-
pointi to j, andz; is the angle between pointand. metrical (+, — ) based on 60 They-value ofP, was calcu-

If two calculated points exist within a certain distance, theyated in the same way as thesalue as shown in
are considered to have continuity and are added to the matrix of
consecutive points. However, the determination of continuity  P,; = D, x cos( 0) x sin ((|i - 375 x 120/750),
isa ected notonly by euentbutalso by clutter that is rected . ) .
from the sea surface. Thus, the continuity determination is £y = Di  €0S( 0) x sin ((|i - 375 x 120/750 ),
deferred even if the distance between two points is not satis-

ed. In this case, continuity is determined by comparing thavhereD; is the distance from the LiDAR to pointandi is

distance between the previous point and the next postponeiie number of data.
point of the deferred point. However, if there is a situation in ~ From the position matrix obtained by calculatingP(;,
which it is necessary to defer it again, the distance betweeh,;) data from the rsttoi-th data, a solution for minimizing
each point and the LIDAR system are compared as a meawsc — b can be found in order to estimate the linear regression
of determining whether the points exist at similar distancesmodel as shown in

To minimize noise and verify continuity in a continuous

point matrix of the LIDAR data, a linear regression model Py Py

was used. We used PythsiPygame library to examine the

implementation of the model. The minimum line and the Ax=b, whered= Po Po ' (3)
estimated trend line that minimize the sum of the distances Ps P,

of the points were calculated. Each point was then projected
in a two-dimensional space, atdand Y positions of each
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Ficure 10: Spilled light crude oil measurement experiment over time: (a) 15mL, (b) 25 mL, (c) 35mL, (d) 40 mL, (e) 45mL, and (f) 50m

To obtain the solution of Equation (3), an upper triangular whereQ is the orthogonal matrix and is the upper triangle
matrix is calculated as Equation (4) through an orthogonamatrix.
matrix. Then,Q and R that satisfyA = QR are decomposed
to obtain respective values, and the result4xcf b are cal-

culated as shown in Equation (5). Q'A=R— QQ'A=QR—A=QR, (5)

QTA=R, (4) cAx=b—> QRx=b— Rx=Q"b. (6)
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Ficure 11: Spilled bunker A oil measurement experiment over time: (a) 15 mL, (b) 25mL, (c) 35mL, (d) 40mL, (e) 45mL, and (f) 50 ng
8

Q.

3. Results and Discussion water tank into the sensing case. The seawater was subse- §

] ] ) quently added to the water tank. Figure 7 shows the resultant
3.1. Baseline Detection Experiment (Seawater OMig). default LIDAR settings for the sensing case only, the empty
baseline experiment involved using the LIDAR to measurgyater tank, and then seawater in the water tank. Of the total
only seawater in the water tank. The characteristics of theg0000 sensing data measurements, we removed unnecessarys
LIDAR mean that it is limited for SenSing underwater; thUS,data such as the Sensing case and set 25680 data measure-&

the laser was only absorbed by the sensing case, seawater yénts as the valid range where the surface of seawater was
face, and water tank case. sensed.

This sensing range was camed by the LIDAR system
using an empty sensing case (i.e., no tank), and the sensiB8@. Spilled Oil Detection ExperimeRtem the comparative
range for the tank was then comed by inserting an empty  experiments that used 20 mL of each of the three types of oil
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Ficure 12: Spilled bunker C oil measurement experiment over time: (a) 15mL, (b) 25mL, (c) 35mL, (d) 40mL, (e) 45mL, and (f) 50m

(light crude, bunker A, and bunker C) on the seawater surthe images, whereas thinner oil appears as brighter pink,
face, we divided oil slick thickness into eight levels: level @&nd as mentioned previously, blue corresponds to seawater
as the surface (i.e., 0mm), level® Bs 0.01-0.1 mm, levels (Figure 8). 20 mL of three oil types was spilled, and the occu-
3-4 as 0.41.5mm, levels-%6 as 1.52.5mm, and level 7 as pied sensed oil area of the (i) light crude oil, (ii) bunker A oil,
>2.5mm. and (iii) bunker C was 40.49%, 58.91%, and 58.80%, respec-
Experiments demonstrated that érences in viscosity, tively, for the 10-second measurement time in the total area.
which depend on oil type, could be sensed using the small- The oil thicknesses were measured as levél$d8 all oil
size LIDAR of 905nm wavelength. The resultant measurdypes. In general, the most commonly distributed oil thick-
ments are shown in the viewer program as blue for watenesses were levels43 The area of sensed oil for the light
and pink for oil. Thicker oil slicks appear as darker pink incrude oil was measured to coveb0% of the total area,
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Ficure 13: Spilled light crude oil distribution by level and thickness: (a) 15mL, (b) 25 mL, (c) 35mL, (d) 40 mL, (e) 45mL, and (f) 50 mL

whereas the bunker oil covere®0% of the total area. Oil larly. However, due to migration and dision of the oil
thicknesses of 1 mm and 2mm were measured most freslick spilled into the water tank, dérent characteristics
quently (Figure 9). We determined that the 905 nm wavewere exhibited.
length LIDAR could be used to measure the distribution The sensed oil areas of coverage were measured as fol-
and thickness of oil. The LIDAR were unable to determindows: 50-60% for light crude oil, 55-70% for bunker A oil,
thicknesses of0.01 mm or this was can not the capabilitiesand 60-73% for bunker C oil in the total area. The oil slick
of the sensed. thicknesses were distributed at levels.ZEven at the same
capacity, the higher the viscosity, the more nitely the
3.3. Spilled Oil Volume Detection Experim&he oil was coverage area is considered to be high. Level 2 was mainly
detected by changing the spilled volume (15, 25, 35, 4@ssociated with the light crude oil, whereas the high-
45, and 50mL) and type (light crude oil, bunker A oil, viscosity bunker oils (A and C) formed at level 3 and above
and bunker C ail), and the thicknesses were subsequent(ffigures 13-15). Therefore, through the experiments con-
measured (Figures 10-12). We expected that as the spillddcted in this study, the presence of oil and the thickness
volume increased, the detection range would increase regaf oil could be measured using the LIDAR of 905nm
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Ficure 14: Spilled bunker A oil distribution by level and thickness: (a) 15mL, (b) 25mL, (c) 35mL, (d) 40 mL, (e) 45mL, and (f) 50 mL.

wavelength, and the geometrical characteristics of the didneously due to the changes in oil properties andiglbn

slick could be corrmed. by volume.
Depending on the oil type and viscosity, both the distri-
4. Conclusions butions of the detected oil slicks and the oil thicknesses were

di erent. The LIDAR could comm the thickness of dierent
In this study, we propose an algorithm for a LIDAR using aoils by using the algorithm presented in this study.
905 nm wavelength laser for detecting spilled oil on seawater. Spilled oil di uses with varying thicknesses on the sur-
We used an experimental set-up that mimicked natural lighface of seawater as a result of changes in oil properties
conditions for the sea and measured three oils that are typicahd weather conditions. In our experiment, spilled oil area
for oil spill incidents. Light crude oil, bunker A oil, and bun- coverage ranged by more than 50% of the detected area,
ker C oil were spilled at various volumes into seawater imnd the viscosity of bucker C oil reached up to 73%. In
a tank: 15mL, 20mL, 25mL, 35mL, 40mL, 45mL, anchddition, the experimental oil spills were mainly formed of
50 mL. When sensing spilled oil, our experiments ecored  oil Ims of 1mm and 2mm thicknesses, which coned
that the thickness of several stages could be measured simgeometrical properties.
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Ficure 15: Spilled bunker C oil distribution by level and thickness: (a) 15 mL, (b) 25mL, (c) 35 mL, (d) 40 mL, (e) 45mL, and (f) 50 mL.

2.5
2.0
r1.5
r 1.0
0.1
r0.01

Average

} Maximum
Minimum

2.5

50 1
40 1
30 1
20 1
10 1~

r 2.0
r 1.5
r 1.0
+ 0.1
+ 0.01

Maximum
} Average
Minimum

2.5
2.0
r1.5
r 1.0
0.1
r 0.01

Level
Maximum
{ Average
Minimum
(e)

Spilled oil thickness (mm) Spilled oil thickness (mm)

Spilled oil thickness (mm)

60
50
40
30
20
10

Sensed area (%) (bar graph)

Sensed area(%) (bar graph)

Sensed area (%) (bar graph)

Journal of Sensors

25 E
3 g
3 . 20 <
: 1.5 &
IR 1.0 2
Y=
0.1 =
0.01
; A
0 1 2 3 4 5 6 7 @
Level
Maximum
{Average
Minimum
(b)
25 E
i g
i : 20
: r15 2
Lo
=
: : : : ro0.1 =z
r0.01 g
. Z
1 2 3 4 5 6 7 @
Level
Maximum
{Average
Minimum
(d)
25 E
g
20 <
1.5 5"
Lo 2
0.1 =
001 g
'.?,_3:*
w

Average

{ Maximum
Minimum

®)

Hence, we conclude that our small, low-cost LiDARConNflicts of Interest

using 905 nm wavelength and its algorithmeothe possibil-

ity for detecting oil spills on the surface of seawater as anh€ authors declare that there is no can of interest
alternative to larger, more expensive equipment currentlyegarding the publication of this paper.
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order to incorporate the ects of waves and tidal currents Acknowledgments
and assess in situ feasibility for oil slicks on the seawater
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