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Configuration

Dynamic time warping (DTW) is a technique designed for optimally
aligning two time sequences across their time points under certain
restrictions.

Given two time sequences,

X = x1, x2, . . . , xN

Y = y1, y2, . . . , yM

we define a non-negative local dissimilarity function between element pairs
xi and yj

d(i , j) ≥ 0
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Time normalised distance

We seek a warping function φ to remap the time indices of X and Y

φ(k) = (φx(k), φy (k))

where φx(k) ∈ {1 . . .N} and φy (k) ∈ {1 . . .M}

such that

D(X ,Y ) = min
φ

T∑
k=1

d(φx(k), φy (k))mφ(k)

/
Mφ
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Constraints

monotonicity

φx(k + 1) ≥φx(k)
φy (k + 1) ≥φy (k)

continuity

φx(k + 1)− φx(k) ≤ 1
φy (k + 1)− φy (k) ≤ 1

boundary conditions

φx(1) = 1; φy (1) = 1
φx(T ) = N; φy (T ) = M
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Step Patterns
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Warping Window

φx(k)− φy (k) ≤ T0
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Computational Performance

quite fast
4G RAM + 4G swap : 6000x6000 in 10s
larger problems : downsampling, breaking-up and interative matching,
etc.
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Wavelet Transformation

Let φ be the mother wavelet and her daughter wavelets can be constructed
via dilation and translation.

ψa,b =
1√
a
ψ

(
t − b

a

)

Wavelet transformation of a signal x(t) is defined as the inner product as
follows.

WT (a, b) = 〈ψa,b, x(t)〉
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Maximum Matching
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cw-DTW

Algorithm

Input s1, s2, r
Repeat DTW(WT(s1,r), WT(s2,r))
Until max matching
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