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(pk cos 2πfkt+ qk sin 2πfkt) (1)
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Ax = y (2)
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As =

⎡
⎢⎢⎢⎢⎣

sin 2πf1t1 sin 2πf2t1 . . . sin 2πfKt1
sin 2πf1t2 sin 2πf2t2 . . . sin 2πfKt2

...
...
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sin 2πf1tM sin 2πf2tM . . . sin 2πfKtM

⎤
⎥⎥⎥⎥⎦

(5)

x = [ p1 p2 . . . pK q1 q2 . . . qK ]T (6)

y = [ y(t1)− ȳ y(t2)− ȳ . . . y(tM )− ȳ ]T (7)

[ ]T ȳ

ȳ =
1

M

M∑
i=1

y(ti) (8)

(2)

x

minimize
x∈RN

‖x‖0 subject to y = Ax (9)

‖ · ‖0 l0

A ai i =

1, 2, · · · , N
A = [a1 a2 · · · aN ] (10)

N = 2K

x[0] = 0, r[0] = y, k = 0

i[k] := arg max
i

〈ai, r[k]〉2
‖ai‖22

(11)

x[k] :=
〈ai[k], r[k]〉
‖ai[k]‖22

(12)

x[k + 1] := x[k] + x[k]ei[k] (13)

r[k + 1] := r[k]− x[k]ai[k] (14)

k := k + 1 (15)

ei i

‖ · ‖2 l2 〈·, ·〉
(11)–(15) k = Nitr

f |α(f)|

|α(fk)| =
√

p2k + q2k (16)

|α(f)|

3.

y(ti) =

N in∑
j=1

αin
j sin(2πf in

j ti + φin
j ) (17)

ti = (i− 1)Δt i = 1, 2, · · · ,M
M = 128 Δt = 0.02 [μs]

N in = 3

(17)
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Fourier fk
K = 128(= M)

Nitr = 256(= N)
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j αin
j f in

j [MHz] φin
j [rad]

1 2 4 0

2 1 5 0.5
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fmin [MHz] fmax [MHz] Δf [MHz]

case1 0 25 0.390625

case2 0 15 0.118110

case3 3 9 0.047244
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