The  SMART  Filter  as  an  Eﬃcient    
Data  Assimilation  Method  in  Geophysical  Fluid  Dynamics	
1.

Peter

1
Grypma ,

Sam

1
Pimentel ,

Department of Mathematical Sciences, Trinity Western University, BC, Canada

1. Introduction
• Data assimilation (DA) is the process of
optimally combining observations and
model predictions to produce a best
estimate of a system
• DA is used extensively in geophysical
fluid dynamics, such as numerical
weather prediction1
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3. Kalman Filter and
Optimal Interpolation
The cost function can be minimized directly and
solved sequentially, such as is done with the
Kalman filter2:
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Optimal Interpolation approximates the Kalman
filter by keeping a constant Pf

where z = Mxk . and where
is the Kullback-Leibler distance between two
non-negative vectors. The SMART Filter is
outlined as follows, with the analysis being x∞ :
Where X0 is the background initial guess,
b
b
T
B0 = Ε[(x0 – x0 )(x0-x0 ) ] = background error
covariance matrix, Qk = Ε(εkεkT) = model error
covariance matrix, and Rk = Ε(δkδkT) =
observation error covariance matrix.

• We applied the SMART filter to a 1D linear advection problem
• The simulated assimilation uses 200 domain points, 20 spatial
observations, 400 time steps with 50 observation times.
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where xk denotes the model state, uk denotes
4. SMART Filter Solution
the inputs to the system at time k, fk is a
•
The
Kalman
filter
is
computationally
expensive
function for the evolution of the model state
•
Matrix
inversions
and
matrix-matrix
from time k to k+1, and εk represents the
multiplications
make
it
intractable
for
very
large
model error and observations, yk, related to the
systems
system states by
• The SMART filter was developed as an
alternative to the Kalman filter for use in medical
3
imaging
and
is
computationally
faster
where δk are measurement errors, then we
•
It
is
derived
by
minimizing
the
following
cost
seek to minimize, with respect to x0 the
function:
following cost function:

b

5. Results
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2. Statement of Problem
Given a discrete nonlinear system modelled by
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Blue=initial guess (background), magenta = Kalman and Optimal Interpolation analysis, green =
SMART analysis, black = true function, bottom lines = error between true function and the Kalman/
Optimal Interpolation and SMART analyses

• Computation times:
• 400 variable system: SMART filter-70 seconds, Kalman
filter-242, Optimal Interpolation-214
• 200 variable system: SMART filter-0.34 seconds, Kalman
filter-1.70, Optimal Interpolation-0.31

6. Conclusions
• The SMART filter’s computation time is over 3 times faster
than the Kalman filter
• The SMART filter’s computation time was also around 2-3
times as fast as Optimal Interpolation with sufficiently large
systems as well as converging to the true solution faster
• The SMART filter could be used as an alternative to the
Kalman filter when computational time is a concern, or as
an alternative to Optimal Interpolation for faster
convergence to solution
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