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INTRODUCTION
We are developing a computer vision system

to automatically detect and track the social be-
haviors of sticklebacks, under laboratory condi-
tions.Our system provides automated quantita-
tive 3D and 2D measurements for researchers to
collect and analysis sticklebacks behaviors. The
system have ability to deal with large dataset for a
long period of time to facilitate studying the stick-
lebacks life cycle which are not possible using the
current techniques. Our current work consists:

1. Individuals are manually tagged using a
novel circular micro tag system [1]: a
tag with a unique pattern is attached
to the dorsal spine of each individ-
ual. Below are some samples of Tags.

2. Circular tags system used to identify indi-
vidual fish and estimate their 3D orientation
and position over a period of time.

3. The 3D orientation and position measure-
ments that our system provides are used to
model the fish behaviours (e.g. feeding, ag-
gression) and the fish social interactions.
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Gasterosteus aculeatus shoal dynamics." Journal of fish biology 84, no. 4 (2014).

SCHEMATIC REPRESENTATION OF ESTIMATION FISH ORIENTATION 3D ORIENTATION ESTIMATION
The problem can be simplified as finding a

plane with respect to the same reference frame
(e.g. camera frame) that intersects the cone in a
circle. Using this approach, the general equation
of the cone with respect to image frame (xyz) is
defined as:

ax2+ by2+cz2+2hxy+2gxz+2fyz+d = 0. (1)

and the homogenous representation of this equa-
tion can thus be written as XHXT .
Where X =

[
x y z

]T and the matrix H .

H =

 a h g
h b f
g f c

 . (2)

If the object plane where the circular feature lo-
cate (the intersection plane) is defined as:

lx+my + nz = 0, (3)

then, the problem of finding the coefficients of
the plane where the circular feature is located
can be expressed mathematically by determin-
ing the coefficients l, m, and n such that the in-
tersection of the cone surface with the following
surface: lx+my+nz = 0, where l2+ m2+ n2 = 1
is a circle.
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