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Abstract—Underwater, plankton@nne of the most basie¢
components in the marlne ecosystem. The community structure
and population change of plankton are important ecological infor-

mation te reflect the enwrenmental—srtuaﬂerk As—t-he—fund-amental

9

- In this paper,
we propose a real-time and adaptive algorithm for calculating
plankton size spectrum of the underwater plankton video, which
is captured by high-resolution and high-speed optical camer-
a. Firstly, this algorithm screens the high-resolution plankton
images to ensure that every plankton is counted once with
the clearest frame. Secondly, edge detection and morphological
methods are performed to get plankton areas. Further, we
perform several simplifications that each particle is handled as
ellipses-shape to calculate the volume to obtain the size spectrum.
Moreover, in order to facilitate the biologists to research plankton
subsequently, we record region of the clear area containing each
plankton to build a plankton database.

Index Terms—underwater vision, clarity index, screening, seg-
mentation, ROI, particle size spectrum

I. INTRODUCTION

Plankton—n—maring are the floating communities of plants
and animals living in large—waters Irt—ls—maml-y—eempesed

ofplankton—belonging—to—primary
belenging—tg secondary productivity [1]. Plankton lack the

ability to move effectively in wnderwater; so they, typical-
ly free-float with—watey currents.

eh&raeteﬁsﬂes—weh—&asmall individuals, large species, large
quantlty andiw1de d1str1but10n

[2] [3] kton
represent-the-bottom-fewlevels of the food chain thaorts
commercially-mpertant-fishers-and play an indispensable role
in the biogeochemical cycles any important chemical
elements, including the carbon@gxygen production cycles
of oceans [4] [5]. Thus, the research on plankton is vital
for the stability and biodiversity of marine ecological system.
Monitoring the status of the plankton in aquatic environments

thqchmate change or t-he quahty efwater, but—a}se—eentﬂbute

&nel—hfe. How to graspAlts characterlstlcs, populatlon structure,

abundance and size distribution quiekdy—and-effeetively is an

urgent technical problem to be solved.

Corresponding author: wangnanseu@ 163.com .

Previously—in-erder to-obtain information gf-marine plank-
ton, peeple—esuld—only—ebtain—biclogienl—samples—by—oen-

site—sampling [2], sseh—as Multiple Opening/Closing Net,
Environmental Sensing System (MOCNESS) [6], Bedford

Institute of Oceanography Net, Environmental Sensing System
(BIONESS) [7], MuiltiNet [8] and Gulf-V [9] ete. Although
these methods can obtain the morphological features of plank-
ton, the shortcomings of them are pbvious. They all rely
on experienced experts to observe and analyze under the
microscope on board or at the lab. Microscopic observation
is a very time-consuming process. Thus, a method which

can monitor the plankton automatically peed—+te—be—propesed
urgently .

Newadays, optical technology has been applied to study
underwater plankton, which provides a useful method for
obtaining the ecological information of plankton quickly and
accurately. Optical Plankton Counter (OPC) was originally
designed by Bedford Institute of Oceanography as a remotely
towed sensor providing continuous real time information in
size and quantities of plankton [10] [11]. However, it also
has some limitations. This method may produce “coincidence”
phenomenon that two or more particles present in the beam
simultaneously and they are counted as one big particle [12].
To solve this problem, Herman developed a new generation
of the OPC, that is, the Laser OPC [13]. However, they can’t
provide the visual information. To obtain more information
on the living status of plankton, people combine plankton
research with image analysis techniques, such as Video Plank-
ton Recorder (VPR) [14] and Underwater Video Profiler
(UVP) [15], shadowed Image Particle Profiling Evaluation
Recorder (SIPPER) [16], Zooplankton Visualization System
(ZOOVIS) [17], in situ Ichthyoplankton Imaging System (ISI-
IS) [18], Scripps Plankton Camera (SPC) [19], electronic
Holographic Camera (eHoloCam) [20], Flow Cytometry, Mi-
croscopy (FlowCAM) [21] [22] [24] and Imaging FlowCy-
tobot (IFCB) [23]. FlowCAM [25] is a classical technology
of plankton research, which is developed in recent years and
has great advantage. By combining with flow cytometry and
microscope, this system can obtain the image information of
plankton and_equnt plankton automatically. However, Jeeking
throueh thlopment of the plankton monitoring, we-can
find although the imaging technique gets adot-ef progress; the
eefrespeﬂd-l-ngsoftware w—h-}eh—e&n—h&nd-}e—t-he—redﬂﬂd-aﬂt—d&t-a
i is lacky
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In this paper, we propose a video-based zooplankton count-
ing algorithm, which can process high-resolution and high-
speed plankton video in real time. The rest of this paper is
organized as follows. Section II presents the experimental
system, including the data sample and optical system. We
describe the plankton analysis algorithm in section III. The
experimental results are given in section IV. In section V, we
present the conclusion and discussion.

II. EXPERIMENT SYSTEM
A. Data sampling

Our experimental water samples are collected in Plymouth,
England. Plymouth Marine Laboratory sets several obser-

vation stations around the—area, shown as Fig. 1. In this
paper, we use the waterected i 5 tonR—i§

50°15.00' N, 4°13.02'W.
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B. Plankton video acquisition system

Our video acquisition system is mainly composed by a
portable Color USB 3.0 camera manufactured by EO company.
The size of this camera, 29mm x 29mm x 29mm, makes it to
be possible to use in in-situ plankton monitoring, which is our
further object. The resolution of the camera is 2048 x 2048.
The corresponding object lens is a Mitutoyo Plan Apo Infinity
Corrected Long WD Objective with the amplification of 10x.
Its resolving power is 1.0um, and the working distance is
33.5mm.

The high resolution and amplification of the whole opti-
cal system can meet the demand of clearly imaging micro-
plankton(> 20pm). In order to make the system fit to work
in the in-situ situation, different from FlowCam, the imaging
system in this paper don’t use the flow cytometry framework.
The most significant problem of the optical system in this pa-
per is the lack of Flow cell makes it impossible to maintain the
object plankton sample be located at the fixing plane, which
leads to the abundant defocused and blur images captured.

By the above video acquisition system, we can get the
video information of the sample. The shooting speed is 80
frames per second. Each image is supposed to be about 800kb.
Thus, the camera may record almost 4.7Gb data, which makes
it hard to be analyzed in real-time. Moreover, according to
the defocus, many duplicate and useless information is also
recorded. Several original images are shown in Fig. 2. It is
clear in Fig. 2 (a) ~ (c) that except the red box area, the other
parts of the images contain nothing important. Moreover, the
whole image of Fig. 2 (d) is useless, which can be deleted to
reduce the use of storage.

(a) (b)
(c) (d)

Fig. 2. Several selected original images

III. PLANKTON ANALYSIS ALGORITHM

The framework of our algorithm is shown in Fig. 3. In
this paper, our work is mainly divided into three steps.
In the first step, the plankton images with high-clarity are
selected via screening the video with clarity index (discussed
in detail in the next subsection). In the second step, the edge
detection and image segmentation are applied to the selected
original plankton images. We crop the original image with
the coordinate values of the outer rectangle of each plankton’s
connected domain to obtain the required image part with clear
plankton. Atdastwe-ean draw the size spectrum of plankton in
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this video based on the morphological information of plankton
segmented from the second step.

Video acquisition block

Video —— »  Original images

i

h. 4
Screening block

Restriction of Restriction of

maximal points threshold
A 4
Image processing block
Edge detection ———  »  Segmentation
h 4
Results block
Screening high- ROI
claity crop Size spectrum
Fig. 3. The framework of our algorithm

A. Screening

In this paper, we use clarity index (CI) to indicate the clarity
of one image. Image clarity refers to the sharpness of each
detail of the image and its boundary, which is an important
index to measure the quality of image. It ean—eerrespend-to
people’s—subjective—{feelingsbette, The low clarity of image

shows the blur of image. In signal processing, the most direct
way to distinguish image sharpness is to calculate the fast
Fourier transform of the image and observe the high and
low frequency components in the image. If there are a small
number of high frequency components in the image, this image
will be considered as blurred. In this paper, we firstly transform
the two-dimensional image function by Laplace transform,
which is defined as Eq. 1, then calculate the variance of the
gradient map to get the CI of each image by the Eq. 2.

V2f(x,y):f(:c+1,y)+f(x—1,y)+f(:c,y+1) (1)
+f(z,y71)74><f(x,y)

)= fitey) iy @

Where, f(z,y) is the original image function, [(z,y) is the
transformed image function by Laplance, with average value
written as I(z,y) .

Due to the optical system structure, the same target will
appear in the obtained video in many continuous frames. we

hope that each plankton is counted only once. That is, it is
only counted in the clearest frame. However, it is hard to set
a threshold defining which is the most clear frame in prior.
Because in some sequential frames, the CI of images is very
close, as shown in Fig. 4. As we can see in those figures, they
are so similar that we can not tell which one is much better.
In addition, even if we find a suitable threshold during this
period, it is not the optimal threshold for another time period.
Thus, we should use an adaptive method to select the needed
frame. In this paper, the adaptive screening is performed with
the following two restrictions.

..
i
(a) (b)
 riges 4
bl
(c) (d)
-
: 4
(e) (f)

Fig. 4. (a), (c), () are the 152t", 153", 154" original images, respectively.
(b), (d), (f) are the corresponding edge gradient images.

(1) We perform Laplace transform on each original image
and obtain the CI of each transformed image. According to
the change of CI value of each image, we can draw a broken
line diagram, which is shown in Fig. 5. As we can see in this
figure, the broken line diagram presents the fluctuation change
with time. That is to say, the shooting process of underwater
plankton target is the process of clarity changing from low to
high and then to low. What we want is the maximal value of
the clarity, which is the clearest frame during the short period
of time. Therefore, we select all the maximal values of the
broken line diagram at first.

(i) Among the first selected maximal points in the first step,
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Fig. 5. The CI change of all frames in this video.

there are still many images with low clarity. This is because
the maximal points will be generated when no object exists in
the imaging field. Thus, we also set an CI threshold to further
filter the frames which has the clearest frame during the short
period of time. The maximal points below the threshold can

be seen as i extreme points. In this paper the threshold
is set as 3.9 irically. The threshold line is marked as red
in Fig. 6.
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Fig. 6. The threshold segment line ef-extreme—points,

B. Segmentation

After the adaptive screening, we get the clear frames con-
taining plankton in the video. Then, we need to detect the
edges of the selected frames and get their gradient maps.
Beeause; the images are al—with high quality now—Edge
detection is much easier. The gradient mapg=£—priginal images
are first changed into binary images and be processed
by a series of morphological processes, such as expansion,
corrosion and hold filling.

After the process of segmentation, we mark the connected
areas in the binary images and get the coordinate values of
outer rectangle of each connected area. According to these

coordinate values, we can cut out the ROI of plankton from
the selected original images corresponding with binary images.
However, there will be low-clarity plankton areas in the
screening high-clarity images, as shown in Fig. 8, they also
can be segmented. So we need to set a suitable threshold which
is 50 to screen all these areas. The area whose clarity value
is higher than this threshold is the clear target area that meet
the requirement.

Fig. 8.

Seme-gclected images,

C. Plot size spectrum

Particle size structure of marine plankton is an important
aspect of marine ecological community structure. It can predict
the metabolic rate, birth rate and mortality of a community
effectively, reflecting the structure and function of marine
ecosystem, providing dynamic information on the relationships
among the components in the ecosystem. Once plankton in the
video are accurately segmented byosed method, we can
use the information of each connected area in binary segment
ed images to count and compute the final size spectrum in this
video [26]. In this paper, in order to obtain the size spectrum,
we perform several simplifications that each particle is handled
as ellipses-shape to calculate the volume to obtain the size
spectra from the two-dimensional image[l]. The volume of
each particle (V') is calculated by the Eq. 3. Then we can plot
the size spectrum of the plankton in our video.

V= Zglmtbc 3)

Where, a is the length of the major axis of ellipse that has
the same normalized second central moments as the plankton
region, b is the length of the minor axis of ellipse that has
the same normalized second central moments as the plankton
region, and c is equal to b.

IV. EXPERIMENTAL RESULTS

The ROIs of plankton can be accurately cropped, some of
those are shown in Fig. 7. These ROIs are of great significance
for the establishment of plankton databases and the study of
community structure and biodiversity in nature. At the same
time, we get the clearest area of each plankton, which can
effectively improve the efficiency and accuracy of plankton
research.
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Fig. 7. A series of ROIs of plankton@

The plankton size spectrum results are shown in
Fig. 9(orange). In this figure, the z-axis presents the volume
of the plankton, the unit on z-axis is shown in the logarithm
of the volume and 2 is applied as a base. The y-axis presents
the number of the plankton. In order to verify the effectiveness
of this method, a comparative experiment was carried out. We
artificially segment all the clear plankton in this video and
every plankton is marked once, then we also plot the size
spectrum of labeled images, the ground truth can be shown in
Fig. 9(blue). As we can see in this picture, the size spectrum
show the double-peak in approximately 11(log,(mm)?) and
15(log,(mm)?3), that’s to say, the plankton, with the size
of approximately 11(log,(mm)3) and 15(logy(mm)3), are
predominant in the ecosystem.

V. DISCUSSION

In this paper, a real-time and adaptive algorithm for cal-
culating plankton size spectrum of the underwater plankton
video is proposed. In the algorithm, we use an adaptive method
to select the needed, frames, and edge detection and morpho-
logical methods are used to get plankton areas. Then several
simplifications are used to calculate the volume to obtain the
size spectrum. The remarkable advantage of this algorithm is
its real-time performance. Hewever; the, size spectrum spectra
calculated by our algorithm is slightly smaller than the ground
truth. This is because that some plankton are omitted from
the screening process. In the future, we will optimize our
algorithm to achieve higher accuracy and make—tused, in in-
situ plankton monitoring.

30 1
—— our method
—— ground truth
25 1
1
1
i
20 1 H
1
1
5 !
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:
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1
:
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1
1
0 1
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Volume(logz(mm?3))

Fig. 9. The size spectrum of this video calculated by our method (orange)
and ground truth (blue).
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