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ABSTRACT OF THE DISSERTATION

Advanced Tracking Algorithms for the Study of Fine Scale Fish Behavior

by

Chad Eric Schell
Doctor of Philosophy in Electrical Engineering
(Applied Ocean Science)

University of California. San Diego. 2003

Jules S. Jatte. Co-Chair

James R. Zeidler. Co-Chair

Anadromous Salmonid populations have been declining in North America for
several years as the result of habitat degradation. over harvesting. and other factors
with several species now listed as threatened or endangered under the United States
Endangered Species Act. One major contributing factor in the decline has been the
construction of hydroelectric power generating dams on the rivers used for spawning.
To help alleviate the negative effects of the dams. various collection and bypass
systems have been installed in the hopes of routing fish safely around rather than
through the dams. To be effective. the systems must be both attractive to fish and safe
for fish passage. Meeting these goals requires an understanding of fish behavior at the
entrance to the bypass systems. but there are no currently established effective

methods for studying fish behavior at a fine scale in these environments. This thesis
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explores the use of tracking algorithms processing multibeam sonar data as a method
of observing fish behavior. An experiment using a sonar and stereo video camera
system to simultaneously record free-swimming fish motion was conducted for this
study. The video system provided a high-quality data set used as the "ground truth" to
compare the output quality of various tracking algorithms processing the sonar data.
Two algorithms are shown to be effective. a constant velocity Kalman smoother when
fish motion is approximately a straight line. and the Segmenting Track Identifier (STI)
when motion is more complex or in general when the measurement noise is small.
The STT algorithm. proposed by Linder [1], is developed into a practical tracking
algorithm. This development includes the re-parameterization of the motion model
used by the STI to be more general and robust. and development of a method of
generating a measurement prediction and associated covariance to allow the STI
algorithm to be used in common data association frameworks. An STI based
probabilistic data association filter is developed. and it is shown to perform well in
simulations of tracking a single fish in clutter and in simultaneously tracking multiple

fish from the video data.
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CHAPTER 1. Introduction and Background

The main goal of this research is to evaluate the use of tracking algorithms as a
means of extracting fine scale fish behavioral information from multibeam sonar data.
and to determine the choice of an appropriate algorithm for this purpose. Towards this
goal a lab experiment was designed and conducted to provide a data set for use in the
evaluation. The experiment consisted of recording the motion of aquarium fish in a
large tank simultaneously using a multibeam sonar and a stereo video camera system.
The more accurate video data. sampled at a rate almost eight times higher than the
sonar data. was used as the standard against which the output of various tracking
algorithms processing the sonar data was judged.

The qualities of an “ideal™ tracking algorithm for extracting tish behavior from
multibeam sonar data are proposed. and a set of performance metrics is created to
Judge how closely a tracking algorithm approaches this ideal. A curve segmenting and
fitting tracking algorithm. the Segmenting Track Identifier (STI). is proposed as a
good choice of tracking algorithms because of its ability to provide not only quality
tracking. but also to provide maneuver length information which could be useful in
ecological studies. The performance of this algorithm is compared against other more
traditional model based Bayesian state estimation tracking algorithms using the
proposed performance metrics.

A way of generating a measurement prediction and its covariance using the
STI algorithm. quantities it does not normally use or provide. is presented so that the
STI algorithm can be extended for use in the most common data association

frameworks. An implementation of a joint probabilistic data association filter
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(JPDAF) using STI as the underlying tracking algorithm is presented and evaluated
using both simulations and real world video data.
1.1 Background and Literature Review

This section presents background information and a review of the pertinent
literature for this problem. It begins with a discussion of fisheries acoustics and fish
behavioral studies. describing why these studies are important. and what methods
biologists are currently using to study fish and extract behavioral information. The
discussion then proceeds to a survey of the target tracking methods commonly in use
in fields outside biology. especially the aerospace industry. and how these methods
might be used for tracking fish.

I.1.1 Biology
1.1.1.1 Fish Studies and Measurement Techniques

Anadromous Salmonid populations have been declining in North America for
several vears as the result of habitat degradation. over harvesting. and other factors.
The declining populations have led to the listing of several species as threatened or
endangered under the United States Endangered Species Act.

One major source of habitat degradation that is believed to be a large
contributing factor in the decline of some salmonid populations has been the
construction of hydroelectric power generating dams on the rivers used for spawning.
These structures are believed 1o contribute to the decline in several ways. The most
direct is the increased mortality caused by the passage of fish though the dam turbines

as they return to spawn. Additionally the alteration of river flow conditions. increase



in water temperatures, and other effects of the dams are thought to contribute to
increased salmonid mortality.

To help alleviate some of these problems, various collection and bypass
systems have been installed on dams in the hopes of routing fish safely around rather
than through the dams. To be effective, the systems must be designed such that they
are both attractive to fish and safe for the fish to travel though. However, it is not
understood exactly how to design collectors to meet these goals as the behavior of the
fish at and in the bypass systems is not well understood. The lack of understanding
comes largely from difficulties in observing the fish in such a way that meaningful
information on their behavior can obtained.

Observing the behavior of fish in their natural environment is a difficult
problem. The methods available to the aquatic ecologists include capture and release
methods. where fish are tagged to allow tracking before release, optical systems
(cameras). and hydroacoustic systems.

Capture and release methods are generally not suitable for the measurement of
fine scale fish behavior, but rather are used to measure the areas over which fish range
or the motion of fish over several minutes. hours, or days. A variety of tag and release
methods exist. varying largely in the type of tags and the means of tracking the tags
after release. Almeida [2] used manually tracked ultrasonic tags to study thin-lipped
grey mullet (Liza ramada (Risso)). Fish were caught and tagged with acoustic
transmitters and released, and their position was then detected every 30 minutes using
a directional hydrophone on a skiff. with visual references used to specify the location

of the detection on aerial photographs. In [3], Magee et al. used ultrasonic tags



implanted in Atlantic Salmon (Salmo salar) to track their progress down a river at
several fixed locations to determine the survival of fish subjected to various
treatments. and in [4] Gowans et al. used radio tags to track Atlantic salmon
movements through a fish ladder at a hydroelectric dam. Three different tag and
release methods were used by Cooke et al. [5] to estimate mobility and activity levels
of smallmouth bass (Micropterus dolomieu). The three techniques were: manual
mark/recapture which consists of catching and tagging fish. then attempting to recatch
the same fish at a later date to determine how far they have travelled from release to
recatch: fixed location radio telemetry. where code activated tags are implanted in fish.
and the tags are then interrogated by fixed location antennae distributed at various
locations over several days to track the fish as they travelled from antenna zone to
zone: and finally electromyographic activity telemetry. which consists of implanting
tags containing a capacitor that is charged by the electrical activity in the fish's
muscles. When the capacitor is fully charged the tag transmits a radio signal. and the
time between signal pulses is used to determine the activity level of the fish. This
study showed that the mark/recapture and fixed location telemetry both significantly
underestimated total fish activity compared to the electromyographical telemetry
system. Several other variations of tag and release methods exist. but none of them
are suitable methods for observing fine scale behavior of fish.

Optical systems. though common in laboratory studies. are rarely used in the
field because of several limitations. including their limited observation volumes due to
light attenuation underwater. their inability to work in turbid water conditions. and the

possible alteration of animal behavior induced by the lighting required to operate an






