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A theoretical model for predicting steady boat drift for search and rescue missions is being extended in this work for
situations involving time-varying environments. The nature of a particular sea environment is addressed through uncertainty
analysis with interval mathematics and nonlinear programming. Two theoretical models are presented, and field experiments
that have been performed previously are described. Five sets of measured field data are selected to verify the presented
models. Predictions of both theoretical models are compared with the measured field data. The result shows that both models
can provide reliable drift regions for search and rescue.

INTRODUCTION

A valid theoretical framework is critical to a sound search-
and-rescue plan. Due to the vital importance of maritime search
and rescue activities, there is continual progress and much effort
is focused on improving search area prediction. Relevant works
include Breivik and Allen (2008), Allen and Plourde (1999),
Nash and Willcox (1985, 1991), Anderson, Odulo and Spauld-
ing (1998), Fitzgerald, Finlayson and Allen (1994), Allen (1996),
Allen and Fitzgerald (1997), Kang (1999), Su (1986), Allen
(2005), as well as references cited within. The present understand-
ing of drift at sea emerged over the years thanks to these works.
The search areas are based upon an evaluation of the last known
position of the target, surface current and leeway drift. Studies
mainly focus on the concept of leeway drift—the movement of the
leeway objects relative to the ocean’s surface caused by the wind.
Leeway is defined as the movement of an object through water
caused by winds blowing against exposed surfaces. Thus, the lee-
way velocity UL is defined as UB − UC , the difference between
boat velocity UB and the velocity of the surface current UC .

The studies of leeway drift based on statistical models rely
heavily on field tests to obtain coefficients using linear regres-
sion analysis. A recent study (Breivik et al., 2011) continued the
statistical-based approach with a new operational definition of the
wind and wave-induced motion of a drifting object relative to the
ambient current, known as the leeway of a drifting object.

In our recent study, we reported a theoretical drift prediction
based on the law of physics and nonprobabilistic analysis of
uncertainty (Ni et al., 2010). This previous paper assumes the boat
is in steady drift. In the present study, time-dependent sea envi-
ronments are included. This will also allow the predicted result to
compare with results from field measurements. As in our previ-
ous paper, interval analysis is used to account for uncertainty in
both the sea environment and the ship’s characteristics.
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The interval analysis method of uncertainty (Moore, 1979;
Alefeld and Herzberger, 1983) is commonly used for modeling
the uncertain parameters of structures in engineering (Qiu and
Elishakoff, 1998). Such a technique could easily be extended to
the present investigation.

The interval analysis method may be a superior choice when
compared to the probabilistic approach (e.g. Breivik and Allen,
2008), as it requires only the range of uncertainty of the vari-
ables as opposed to the probabilistic approach where an exten-
sive amount of data is required in order to obtain its distribution
function.

In mathematics, nonlinear programming (NLP) is the process
of solving a system of equalities and inequalities, collectively
termed constraints, over a set of unknown real variables, along
with an objective function to be maximized or minimized, where
some of the constraints or the objective functions are nonlinear
(Bertsekas, 1999).

Together with interval analysis, nonlinear programming the-
ory (Bazaraa et al., 1993) is used to solve the physical model
with the uncertainty modeled via the interval analysis method.
With the nonlinear programming theory, one can obtain the pre-
cise maximum or minimum of the objective function with certain
constraints.

Below, we first present 2 physics-based leeway dynamics mod-
els to establish a theoretical framework. Then, the solution process
of both presented models is discussed. Next, the interval analy-
sis method and nonlinear programming theory is used to analyze
the contribution of uncertainty of the various factors to the search
area expansion with time. The description of the field test and
the data for model verification follow. The theoretically predicted
boat displacements are then compared with results from actual
measurements taken in the field. Analysis of uncertainty further
provides the possible range of drift for each boat.

BASIC FORMULATIONS

Consider a boat in drift with velocity UB4t5, while subjected
to a forcing field with the wind velocity UW 4x1 t5 and the current
velocity UC4x1 t5, where x is the location of the drifting boat. The
boat is subject to a wind force on its body above the waterline
and a current force on its body below the waterline. The wind
force depends on the relative (apparent) wind flowing past the boat


