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akij > 0, ckij > 0

ck
11

< ck
12

(1) 1 2

xk(t), x
pos
k M ν si(t), s

pos
i

akij > 0, ckij > 0 (i, j = 1, 2)

2 si(t) Si(t, ω)

S2(t, ω) 2 Gk
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11
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(1)

Xk(t, ω) = ak
11
S1(t− ck

11
, ω) + ak

12
S1(t− ck

12
, ω) + ak

21
S2(t− ck

21
, ω). (3)

k, ℓ = 1, · · · ,M (k 6= ℓ) Q(tk, tℓ, ω)

Q(tk, tℓ, ω) :=
Xk(tk, ω)

Xℓ(tℓ, ω)

=
ak
11
S1(tk − ck

11
, ω) + ak

12
S1(tk − ck

12
, ω) + ak

21
S2(tk − ck

21
, ω)

aℓ
11
S1(tℓ − cℓ

11
, ω) + aℓ

12
S1(tℓ − cℓ

12
, ω) + aℓ

21
S2(tℓ − cℓ

21
, ω)

∈ C. (4)

S2(t, ω) (2)

If (tk, ω) ∈ Gk then

Xk(tk, ω) = ak
11
S1(tk − ck

11
, ω) + ak

12
S1(tk − ck

12
, ω) + ak

21
S2(tk − ck

21
, ω)

= ak
21
S2(tk − ck

21
, ω). (5)

(tk, ω) ∈ Gk ∩ (tℓ, ω) ∈ Gℓ

Q(tk, tℓ, ω) =
Xk(tk, ω)

Xℓ(tℓ, ω)
=

ak
21
S2(tk − ck

21
, ω)

aℓ
21
S2(tℓ − cℓ

21
, ω)

∈ C. (6)

tℓ = tk − (ck
21

− cℓ
21
) (7)
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Q(tk, tℓ, ω) =
ak
21
S2(tk − ck

21
, ω)

aℓ
21
S2(tk − (ck

21
− cℓ

21
)− cℓ

21
, ω)

=
ak
21

aℓ
21

∈ R. (8)

Q(tk, tℓ, ω) (4)

[11, 13] (7) spos
2

2

ck
21

− cℓ
21

(= tk − tℓ : const.) k, ℓ = 1, · · · ,M (k 6= ℓ)

ν spos
2

[10]

spos
2

xpos
k , xpos

ℓ ck
21

− cℓ
21

ν d2kℓ = ν(ck
21

− cℓ
21
) spos

2
xpos
k , xpos

ℓ

d2kℓ 3

2 4 3 spos
2

3 spos
2

xpos
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21
s2

s2 xk(t) s1(t)

ykℓ(t) [11, 13]

ykℓ(t) :=
ak
21

aℓ
21

xℓ(t+ cℓ
21
)− xk(t+ ck

21
)

=
aℓ
11
ak
21

aℓ
21

s1(t− (cℓ
11

− cℓ
21
))− ak

11
s1(t− (ck

11
− ck

21
))

+
aℓ
12
ak
21

aℓ
21

s1(t− (cℓ
12

− cℓ
21
))− ak

12
s1(t− (ck

12
− ck

21
)). (9)

[11] [12]

s1 ak
11
/aℓ

11
, ak

12
/aℓ

11
ck
11

− cℓ
11
, ck

12
− cℓ

11
spos
2

[10] spos
1
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s1(t), s2(t) [10, 11, 12, 13] 2

s̃1(t) = aℓ
11
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21
s2(t) (1 ≤ ℓ ≤ M) (10)

2 xk(t), xj(t) (k 6= j)

(
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11
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e−iωck
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(

ak
12
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11
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e−iωck
12

(
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21
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21
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e−iωck
21

(

a
j
11

aℓ
11
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j
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(

a
j
12
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11
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j
12

(

a
j
21

aℓ
21
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j
21
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ˆ̃s1(ω)

ˆ̃s2(ω)
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(11)

x̂k(ω) (11)
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12
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12

ν rk = νck
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1
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pos
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4.1

2 M = 4

5 44.1kHz

ν = 340m/s N = 131, 072step [14] (1)

xk(t) 6 s1(t), s2(t) x1(t)
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4.2

1, 2, 3 1

errk =

√

∑N

j=1
(sk(tj)− s̃k(tj))2

√

∑N

j=1
sk(tj)2

(13)

s̃k(tj) s̃1(tj), s̃2(tj)

err1 = 1.91× 10−6, err2 = 3.62× 10−8

2, 3

44.1kHz 1 step 8 mm

1:

Init. Val. Result Error Step Init. Val. Rslt Error

a
1

1,1 /a
1

1,1 1.000000 1.000000 0.0000E+00 c
1

1,1 367 367 0

a
1

1,2 /a
1

1,1 0.053183 0.053183 6.5270E-10 c
1

1,2 1834 1834 0

a
1

2,1 /a
1

2,1 1.000000 1.000000 0.0000E+00 c
1

2,1 1160 1160 0

a
2

1,1 /a
1

1,1 0.685994 0.685994 1.5302E-11 c
2

1,1 535 535 0

a
2

1,2 /a
1

1,1 0.056385 0.056385 -6.0474E-10 c
2

1,2 1764 1764 0

a
2

2,1 /a
1

2,1 1.228590 1.228590 -1.1470E-09 c
2

2,1 944 944 0

a
3

1,1 /a
1

1,1 1.264911 1.264911 1.9840E-11 c
3

1,1 290 290 0

a
3

1,2 /a
1

1,1 0.075659 0.075659 -1.2800E-09 c
3

1,2 1450 1450 0

a
3

2,1 /a
1

2,1 1.788854 1.788854 -2.6445E-09 c
3

2,1 649 649 0

a
4

1,1 /a
1

1,1 0.894427 0.894427 2.4141E-11 c
4

1,1 410 410 0

a
4

1,2 /a
1

1,1 0.103797 0.103797 2.6106E-09 c
4

1,2 1175 1175 0

a
4

2,1 /a
1

2,1 2.108185 2.108185 -1.9944E-09 c
4

2,1 550 550 0

Ratio

2: spos
1

, spos
2

s1x : X_coord s1y : Y_coord s2x : X_coord s2y : Y_coord

2.000000 2.000000 4.000000 8.000000

1.999104 2.002125 3.993970 7.999243

0.000896 -0.002125 0.006030 0.000757Error Error

S1  coordinate S2 coordinate

Initial Value Initial Value

Result Result

3: y = Ax+B
A (gradient) B (y-intercept)

0.000000 8.000000

-0.000173 7.999934

0.000173 0.000066

Average

Error

Wall (y = Ax + B)

Initial Value

5
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