
calculation of root mean square difference

real number data , ax and bx
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ax

bx

with x = 0, ..., Na − 1

with x = 0, ..., Nb − 1

displacement of bx with respect to ax , d

d = D1, ..., D2 where 1 − Nb ≤ D1 ≤ D2 ≤ Na − 1

number of overlapped data , O(d )

O(d ) =

⎧
⎪
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎪
⎩

Nb + d

Nb

Na − d

when 1 − Nb ≤ d ≤ 0

when 0 ≤ d ≤ Na − Nb

when Na − Nb ≤ d ≤ Na − 1
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when Na ≥ Nb

Nb + d

Na

Na − d

when 1 − Nb ≤ d ≤ Na − Nb

when Na − Nb ≤ d ≤ 0

when 0 ≤ d ≤ Na − 1
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when Na ≤ Nb

sum of squared data , SS(d )

SS(d ) =
O(d ) − 1

x = 0
Σ
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( a2
x + b2

x − d )

( a2
x + d + b2

x )

when d ≤ 0

when d ≥ 0
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cross correlation of data , CC (d )

CC (d ) =
O(d ) − 1

x = 0
Σ
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ax ⋅ bx − d

ax + d ⋅ bx

when d ≤ 0

when d ≥ 0
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mean square difference of data , MSD(d )

MSD(d ) =
1

O(d )
⋅

O(d ) − 1

x = 0
Σ
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( ax − bx − d )2

( ax + d − bx )2

when d ≤ 0

when d ≥ 0

⎫
⎬
⎭

=
SS(d ) − 2 ⋅ CC (d )

O(d )

root mean square difference of data , RMSD(d )

RMSD(d ) = √⎯ ⎯⎯⎯⎯⎯⎯MSD(d ) for d = D1, ..., D2

calculation of SS(d ) and CC (d ) using discrete Four ier transfor m (DFT)

number of terms for DFT , M

M > max( Na, Nb ) + max( | D1 |, | D2 | ) → if d = 1 − Nb, ..., Na − 1 then M ≥ 2 ⋅ max( Na, Nb )

calculation of SS(d )

[SS1] for x = 0, ..., M − 1 set gx =
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x

0

when x < Na

when x ≥ Na
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+ i ⋅
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b2
x

0

when x < Nb

when x ≥ Nb
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[SS2] for u = 0, ..., M − 1 set Gu =
M − 1

x = 0
Σ gx ⋅ exp( − i ⋅ 2 ⋅ π ⋅ x ⋅ u / M ) ← DFT

[SS3] set p0 = Re( G0 ) ⋅ Nb + Na ⋅ Im( G0 )

for u = 1, ..., M − 1

set αu = exp ( − i ⋅ π ⋅ ( Na − 1 ) ⋅ u / M ) ⋅ sin( π ⋅ Na ⋅ u / M ) / sin( π ⋅ u / M )

βu = exp ( + i ⋅ π ⋅ ( Nb − 1 ) ⋅ u / M ) ⋅ sin( π ⋅ Nb ⋅ u / M ) / sin( π ⋅ u / M )

pu = 1
2 ⋅ ⎛

⎝
( Gu + G*

M − u ) ⋅ βu + i ⋅ αu ⋅ ( G*
u − GM − u ) ⎞

⎠

[SS4] for x = 0, ..., M − 1 set Px =
M − 1

u = 0
Σ pu ⋅ exp( + i ⋅ 2 ⋅ π ⋅ u ⋅ x / M ) ← inverse DFT

[SS5] SS(d ) =
1

M
⋅
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Re( PM + d )

Re( Pd )

when d < 0

when d ≥ 0
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calculation of CC (d )

[CC1] for x = 0, ..., M − 1 set hx =
⎧
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ax

0

when x < Na

when x ≥ Na
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+ i ⋅
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bx

0

when x < Nb

when x ≥ Nb
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[CC2] for u = 0, ..., M − 1 set Hu =
M − 1

x = 0
Σ hx ⋅ exp( − i ⋅ 2 ⋅ π ⋅ x ⋅ u / M ) ← DFT

[CC3] set q0 = Re( H0 ) ⋅ Im( H0 )

for u = 1, ..., M − 1 set qu = i ⋅ 1
4 ⋅ ( Hu + H*

M − u ) ⋅ ( H*
u − HM − u )

[CC4] for x = 0, ..., M − 1 set Qx =
M − 1

u = 0
Σ qu ⋅ exp( + i ⋅ 2 ⋅ π ⋅ u ⋅ x / M ) ← inverse DFT

[CC5] CC (d ) =
1

M
⋅

⎧
⎨
⎩

Re( QM + d )

Re( Qd )

when d < 0

when d ≥ 0
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