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Gp(s) =
K

1+Ts e
−τs K T τ

ν s 1/s

1/sν Gc(s) =

KP + KI

sν 1/sν

1 < ν < 2 1/sν = (1/s) (1/sξ) 0 < ξ = ν − 1 < 1

1/sξ

KP KI ν



G(jω) = Gc(jω)Gp(jω)

KI TI TI = KP /KI G(jω) =
K KI [1+TI(jω)ν ]
(jω)ν [1+T (jω)] e

−jωτ u = ω T

G(ju) =
KKI T

ν
[
1 + TI (

u
T )

ν (C + jS)
]

uν (C + jS) (1 + j u)
e−j uτ

T

θ = π
2 ν C = cos(θ) S = sin(θ) G(ju)

|G(ju)| = KKI T
ν

uν

√
1 + 2TI (

u
T )

ν C + T 2
I ( u

T )
2ν

1 + u2

∠G(ju) = arctan

(
TI (

u
T )

ν S

1 + TI (
u
T )

ν C

)
− arctan(u)− θ − uτ

T

uB = ωB T uB

uB

uC ∈ [uB

1.7 ,
uB

1.3 ] uC = uB

1.5 |G(ju)|
uC

PMs PM = arctan
(

TI (
uC
T )ν S

1+TI (
uC
T )ν C

)
−arctan(uC)−

θ− uCτ
T + π TI PM = π− θ

TI =

(
T

uC

)ν uC + tan(uCτ
T )

S − uC C − (C + uC S) tan(
uCτ
T )

.

PM = π − θ ≡ PMs

PMs = (2− ν)π/2
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ν
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KI
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(uC
T
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I (uC
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sν ν ∈ R 0 < |ν| < 1

sν

s (−1, 1)

z

sν

approximant

s z

ν

ν
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α =

(
ωH

ωL

) ν
n

η =

(
ωH

ωL

) 1−ν
n

ωH ωL [ωL, ωH ]

ωu =
√
ωL ωH ωu = 1

ωL = 0.01 ωH = 100 s

GOus(ν, s) =

(
ωu

ωH

)ν N∏
k=−N

1 + s/ωzk

1 + s/ωpk

n = 2N + 1 N = log(ωpN
/ω0)/ log(α η) ωz0 = ωu α

−0.5 ωp0 = ωu α
0.5 2n

sν

ωz1 = ωL
√
η

ωpi = ωzi α i = 1, ..., n

ωzi+1 = ωpi η i = 1, ..., n− 1

ωzi+1
/ωzi = ωpi+1

/ωpi
= α η > 1

s z

GOus(ν, z) sν

1/T 1/T

ν = 0.3, 0.5, 0.7 n = 3

T = 0.01

GOus(ν, z)

GOus(0.3, z) =
3.6137z3 − 10.3572z2 + 9.8765z − 3.1329

z3 − 2.6919z2 + 2.3886z − 0.6967

GOus(0.5, z) =
8.4476z3 − 24.4973z2 + 23.6558z − 7.6060

z3 − 2.6010z2 + 2.2103z − 0.6094

GOus(0.7, z) =
19.5331z3 − 57.1436z2 + 55.6929z − 18.0824

z3 − 2.4901z2 + 1.9948z − 0.5047

(1, 0)



n = 3 T = 0.01

ν

GOus(ν, z)
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GOus(ν, z) T

ν T Δz% Δp%

(1, 0)

T 0.001 0.1
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T = 0.01 T = 0.001 GOus(ν, z)

(1, 0) T
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Vres = Vfs/(2
nb − 1) Vfs
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−1

K = 1.6862 T = 0.0583

τ = 0.025

Gc(s) = 0.114 +
1.6286

s1.333
.

n = 5
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T GOz Gcz

n = 5 ν = 1.333

T ze po

GOz

num ze 0.9991, 0.9942, 0.9639, 0.7920, 0.1545
den po 0.9983, 0.9893, 0.9343, 0.6470,−0.1498

num ze 0.9985, 0.9907, 0.9428, 0.6867,−0.0791
den po 0.9973, 0.9829, 0.8969, 0.4892,−0.3679

num ze 0.9980, 0.9873, 0.9222, 0.5932,−0.2341
den po 0.9933, 0.9766, 0.8609, 0.3591,−0.4969

Gcz

num ze 0.998, 0.989, 0.930, 0.758± 0.240i, 0.237
den po 1.000, 0.999, 0.994, 0.964, 0.792, 0.154

num ze 0.997, 0.983, 0.891, 0.607± 0.362i, 0.036
den po 1.000, 0.998, 0.991, 0.943, 0.687,−0.079

num ze 0.996, 0.976, 0.853, 0.451± 0.470i,−0.091
den po 1.000, 0.998, 0.987, 0.922, 0.593,−0.234
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