Automated video-image analysis for the analysis of the behaviour of deep-water
lobsters (Nephrops norvegicus)
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Abstract - In this study, we show the results of applying
automated data processing to a set of videos previously used to
manually monitor the period and the phase of activity rhythms of
the deep-water Norway lobster Nephrops norvegicus. Resulting
data are consistent with published findings on Nephrpos
norvegicus activity rhythms both in the laboratory and the field.
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INTRODUCTION

Video-image analysis can be used to disclose the period
and the phase of activity rhythms in relation to the day-
night cycle in laboratory controlled conditions [2]. In fact,
the expression of rhythmic behaviour can be considered as
the phenotype of biological clocks regulation (reviewed by
[3]). Biological clocks drive the internal biology of
organisms and the overt change in activity rate strictly
depends and hence coincides, with their mode of
functioning. In this sense, neuroethology studies behaviour
to understand the neuronal regulation and video-image
analysis can be a very efficient tool [4].

The traditional method of turning data into knowledge
relies on the manual analysis and interpretation [5], [6]. For
long-term monitoring applications, this form of proceeding
is inefficient and expensive. When data volumes grow
dramatically manual analyses become completely
impractical in many domains. Hence, analysis requires
automation [7]. The video-image analysis of footages

depicting the behavioural pattern of species in relation to
time is to date of growing interest for neuroethology and
biomedicine [1] but not yet fully exploited for the large
augmnt of frames it produces (from several-days
experiments). In this study, we show the results of applying
automated data processing to a set of videos previously
used to manually monitor the period and the phase of
activity rhythms of the deep-water Norway lobster
Nephrops norvegicus, a species of elevated commercial
fishery value. These data consist on video images taken
from above of clusters of tanks, where each specimen
remains isolated from the others.

METHOD 1: MOTION QUANTIFICATION BASED ON
BACKGROUND SUBTRACTION

The method exposed focuses on how to isolate objects
from the rest of the image. Because of its simplicity and
because camera locations are fixed in many contexts,
background subtraction (i.e. differencing) is the simplest
approach to quantify motion. In order to do it, we first must
configure a model for the background. Once configured,
that model is compared against the current image and then
the known background parts are subtracted away. The
objects left after subtraction are converted into a binarized
image, with background in black and foreground in white.
The subtraction of two consecutive binarized images
corresponds to the amount of motion of the foreground
object, the animal (Fig. 1, upper diagram).
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Fig. 1: Work flow of the two methods.
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Fig. 2: (left) Monitored activity for a single specimen, with the manual samplign and the automated methods. (right) Cross-
correlation of the manual (original) method with itself, and the manual method versus the automated methods.

METHOD 2: MOTION QUANTIFICATION BASED ON
BACKGROUND SUBTRACTION AND CONTOUR
FINDING

This method is similar to the previous one but in
addition, the binarized image is preprocessed, in order to
find the position of the greatest foreground object (which
should correspond to animals) by using contour finding
techniques and the computation of its summary
characteristics. The difference between the centre of the
objects of two consecutive frames corresponds to the
amount of motion of the object of interest (Fig 1, lower
diagram).

RESULTS

The main issues of the proposed methodologies are
allocated on the phase of background modelling. In
contrast to other motion detection applications such as
surveillance cameras, the background has a great variability
in time. Intrinsic phenomena from aquatic installations,
produced by moving water (e.g., bubbles), and illumination
(e.g., reflexes in superficial waves) increase the difficulty
for automated systems to distinguish background from
foreground objects.

Figure 2 (left) shows the results of the two automated
methodologies and the original manual sampling for a
given individual. In order to qualitatively appreciate the
activity periods, the automated data has been processed and
smoothed to a sampling rate of 30 minutes (the raw data
has a sample per frame, with a frame per 41 seconds).
Figure 2 (right) is the cross-correlation of the original
manual sampling with itself, and the two methods against
the original. Cross-correlation is a measure of similarity of
two waveforms, therefore can be used to validate the
methodologies and extract additional conclusions (e.g., the
periodicity of the autocorrelation is an indicator of the
periodicity of the original signal).

DISCUSSION

Present data are consistent with published findings on

Nephrpos norvegicus activity rhythms both in the
laboratory and the field (reviewed by [4]). The specie show
diel peaks of locomotion phased at night-time. The
observation that automated video image analysis reporpose
behavioural pattern similar to what observed by [2])
indicates the viability of the used automated protocol.

The implementation of automated protocols for the
processing of large augment of video information is to date
a challenging topic for the exploration of the sea.
Automated object tracking and object classification
developed in the laboratory represent important steps to
investigate poorly accessible environments.
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