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Stochastic Identification of Minimum Set of Dynamics Parameters
that has Small Sensitivity for Control System
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Accurate identification of minimum set of dynamics parameters is required for high-precision or
high-speed motion control of robots. Although the Least Mean Square method is generally used for
the identification of these parameters, the identified values are not a consistent estimator because of
errors included in the experimental data. Instead of considering these errors, this study regards that
the minimum set of dynamics parameters fluctuates stochastically. Based on this idea, we propose a
stochastic identification method to obtain identified values that have small effect on the control even
when there is such fluctuation. The effect of minimum set of dynamics parameters on the control can be
considered by calculating the sensitivity to the state equation including the controller. The simulation
and experimental results show that the proposed method provides identified values that have small effect
on the control.
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1 ͸͡Ίʹ
ϩϘοτΛߴ଎ɾߴਫ਼౓Ͱ੍͢ޚΔͨΊʹ͸ɼಈྗֶϞσϧʹ

ίϯτϩʔϥ͕༻͍ΒΕΔ͜ͱ͕ଟ͍ͨͮ͘ج [1][2]ɼͦͷར༻
ͷͨΊʹ͸࣭ྔ΍ॏ৺Ґஔͱ͍ͬͨಈྗֶύϥϝʔλΛਖ਼֬ʹ೺
Ѳ͢Δඞཁ͕͋Δ [3]ɽಈྗֶϞσϧ͔ΒҰҙʹಉఆՄೳͳ࠷খ
খಈྗֶύϥϝʔλ࠷ͷύϥϝʔλ͸ݶ [4]ͱݺ͹ΕɼϩϘοτ
ͷӡಈํఔࣜ͸࠷খಈྗֶύϥϝʔλʹؔͯ͠ઢܗͳํఔࣜͱͳ
ΔͨΊɼ͜ͷಉఆʹ͸Ұൠʹ࠷খೋ৐๏͕༻͍ΒΕΔɽ͔͠͠ɼ
֯౓σʔλͳͲͷ؍ଌྔʹ͸ࡶԻ΍ϞσϧԽ͞Εͳ͍ಈಛੑͷӨ
খಈྗֶύϥ࠷খೋ৐๏Ͱಉఆ͞ΕΔ࠷ͳͲؚ͕·ΕΔͨΊɼڹ
ϝʔλʹ͸઴ۙόΠΞε͕࢒ΓɼҰகਪఆྔʹ͸ͳΒͳ͍ [5]ɽ͜
ͷͣΕ͸ಘΒΕͨ஋ʹ͍ͯͮجίϯτϩʔϥΛઃࡍͨ͠ܭʹѱӨ
ͱ͕͋Δɽ͜͢΅ٴΛڹ
ҰํͰ੍ޚͷͨΊʹίϯτϩʔϥΛઃ͢ܭΔͱ͸ɼಈྗֶϞσ

ϧʹ͍ͯͮجঢ়ଶۭؒʹ੍ޚͷ໨తΛୡ੒͢Δ৔Λੜ੒͢Δ͜ͱ
Ͱ͋Δͱ͑ݴΔ [6]ɽैͬͯ࠷খಈྗֶύϥϝʔλ͕ਅ஋͔Βͣ
Ε͍ͯͯ΋ɼಘΒΕΔ৔͕͚ۙΕ͹ɼ੍ࣗޚମ΁ͷӨڹ͸খ͘͞
ͳΔͱ͑ߟΒΕΔɽ͜ͷ࠷খಈྗֶύϥϝʔλͷͣΕ͕৔ʹ༩͑
ΔӨڹ͸ɼϩϘοτͷӡಈʹ͓͚Δײ౓ղੳ [7]͕ར༻͠΍͍͢ɽ
ຊڀݚͰ͸ɼ࠷খಈྗֶύϥϝʔλ͸֬཰ม਺Ͱ͋Δͱଊ͑ɼ

ઃ͞ܭΕ੍ͨ࡞͕ܥޚΔ৔΁ͷӨ͕ڹখ͘͞ͳΔΑ͏ʹɼ࣮ݧ
σʔλ͔Β࠷খಈྗֶύϥϝʔλͷಉఆΛ͏ߦख๏ΛఏҊ͢Δɽ
֬཰తʹมಈ͢Δ࠷খಈྗֶύϥϝʔλͱ৔ͷؔ܎͸ɼײ౓Λ༻
ݧΔɽ·ͨɼఏҊ๏ͷ༗ޮੑΛγϛϡϨʔγϣϯͱ࣮͢ࢉܭ͍ͯ
Δɽ͢ূݕͯʹ

2 ༗རͳύϥϝʔλಉఆํ๏ʹޚ੍͍ͨ༺౓Λײ
2.1 খೋ৐๏ʹΑΔಉఆ࠷খಈྗֶύϥϝʔλͷ࠷
ϩϘοτͷӡಈํఔ͕ࣜྻߦੑ׳ MɼίϦΦϦྗɾԕ৺ྗɾ

ຎ߲ྗࡲ Cɼॏྗ߲ K Λ༻͍ͯɼ

M(θ)θ̈ + C(θ, θ̇) +K(θ) = u (1)

ͱද͞ΕΔͱ͢Δɽͨͩ͠ɼθ͸ҰൠԽ࠲ඪͰ͋Γɼu͸ೖྗΛ
ද͢ɽ͜͜Ͱɼ࠷খಈྗֶύϥϝʔλΛฒ΂ͨϕΫτϧΛ pͱ͢
Δͱɼࣜ (1)͸

A(θ, θ̇, θ̈)p = b(u) (2)

ͷΑ͏ʹ p ʹ͍ͭͯઢܗͳํఔࣜʹॻ͖͑׵Δ͜ͱ͕Ͱ͖
Δ [4]ɽ࠷খೋ৐๏Ͱ͸ɼ࣮ݧʹΑͬͯଟ਺ಘΒΕΔσʔλ

(θi, θ̇i, θ̈i,ui) (i = 1, 2, · · · , N)͔Β

Ai = A(θi, θ̇i, θ̈i), bi = b(ui) (3)

Λߏ੒͠ɼ
p = A#

setB (4)

Aset =
[
AT

1 · · ·AT
N

]T
, B =

[
bT1 · · · bTN

]T
(5)

ʹΑͬͯpͷ࠷খೋ৐ղΛಘΔɽͨͩ͠ɼX#͸ྻߦXͷMoore-
PenroseܕͷҰൠԽྻߦٯΛҙຯ͠ɼ͜ ͜Ͱ͸Xʹ૬౰͢ΔAset

͕ྻϑϧϥϯΫͳͷͰ (XTX)−1XT Ͱఆٛ͞ΕΔɽ
͜ͷ࠷খೋ৐๏ʹΑΔύϥϝʔλಉఆ͸ɼ

Aip = bi +wi (6)

ͱͳΔฏۉ 0ͷന৭ࡶԻ wi ΛԾఆ͠ɼ࣍ͷධՁؔ਺ Jp

Jp =
N∑

i=1

‖wi‖2 =
N∑

i=1

‖Aip− bi‖2 (7)

Λ࠷খʹ͢ΔύϥϝʔλΛ͍ͯ͠ࢉܭΔ͜ͱʹ૬౰͢Δɽ͔͠͠
ͷϩϘοτͰ͸ࡍ࣮ Ai ͷํʹ΋ؚ͕ࠩޡ·ΕΔͨΊɼࣜ (4)Ͱ
ಘΒΕΔ p͸઴ۙόΠΞεΛ࣋ͪɼਅ஋ʹ͸Ұக͠ͳ͍ [5]ɽ

2.2 ύϥϝʔλมಈΛ࠷ྀͨ͠ߟখಈྗֶύϥϝʔλͷಉఆ
ຊڀݚͰ͸σʔλʹؚ͕ࠩޡ·ΕΔཧ༝Λɼp͕มಈ͍ͯ͠Δ

͔ΒͰ͋Δͱ͑ߟΔɽ͢ͳΘͪɼࣜ (2)Λ

Ai(p0 +∆pi) = bi (8)

ͱ͢Δɽ͜͜Ͱɼp0͸pͷத৺ղͰ͋Γɼ∆pi͸ͦͷ֬཰తͳมಈ
෼Ͱ͋Δɽ͜ΕΛ༻͍Δͱɼ࣮ σʔλ͔ΒಘΒΕΔݧ (Ai, bi) (i =
1, 2, · · · , N)ʹ͍ͭͯ

AallP = B (9)

Aall =





A1 A1 0 · · · 0
A2 0 A2 · · · 0
...

...
...

. . .
...

AN 0 0 · · · AN




, P =





p0
∆p1

...
∆pN




(10)
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ͱॻ͘͜ͱ͕Ͱ͖ΔɽAall ͸ҰൠʹߦϑϧϥϯΫͰ͋Δ͔Βɼϕ
Ϋτϧ P ͷҰൠղ͸೚ҙϕΫτϧ αΛ༻͍ͯ

P = A#
allB +A⊥

allα (11)

ͱͳΔɽAall ͸ߦϑϧϥϯΫͳͷͰ A#
all = AT

all(AallA
T
all)

−1 Ͱ
͋ΓɼA⊥

all͸ɼAallͷྵۭؒͷجఈΛฒ΂ͨ΋ͷͰ͋Δɽࣜ (11)
ͷΑ͏ʹɼP ͸ αͷ͚࣍ࣗͩݩ༝౓Λ࣋ͭɽ

2.3 ࢉܭ౓ͷײͷͨΊͷ৔ͷޚ੍
খಈྗֶύϥϝʔλͷมಈ࠷ ∆pi ΛڹͲͷΑ͏ʹӨʹޚ੍͕

ͷঢ়ଶྔΛܥΔɽ͑ߟͷ͔Λ͢΅ٴ x = [θT , θ̇T ]T ͱ͠ɼຊݚ
Ͱ͸ίϯτϩʔϥ͕࣌ؒʹΑΒͣڀ u(p0,x)ͱද͞ΕΔ৔߹ʹ
ঢ়ଶྔ͍͓ͯʹܭઃܥޚΔɽ੍͑ߟ͍ͯͭ x͸ɼӡಈํఔࣜ (1)
͔ΒಘΒΕΔঢ়ଶํఔࣜ

ẋ = f(p0,x,u(p0,x)) (12)

͕ද͢৔ʹ͕ͨͬͯ͠ঢ়ଶۭؒ಺Λಈ͘͜ͱ͕૝ఆ͞Ε͍ͯΔɽ
ैͬͯɼ࠷খಈྗֶύϥϝʔλͷಉఆ஋Ͱ͋Δத৺ղ p0 ʹมಈ
∆p ͕ՃΘͬͯ΋ɼࣜ (12) ʹΑΔ৔ͷมಈ͕খ͚͞Ε͹ɼ੍ޚ
ͱͬͯ༗རͳʹޚΛड͚ͣɼ੍ڹ͸͋·ΓӨܥ p0 Ͱ͋Δͱ͑ݴ
Δɽ͜͜Ͱ p0 ͕ ∆p ͚ͩมಈͨ͠ͱ͖ͷ৔ ẋ ͷมԽ ∆ẋ ͸ς
Πϥʔల։ͷҰ࣍ۙࣅΛ༻͍ͯɼ

∆ẋ =
∂f
∂p0

∆p (13)

ͱද͞ΕΔɽ͜ͷ ∂f/∂p0 ͸ɼẋͷ∆pʹؔ͢Δײ౓Ͱ͋Γɼ͜
Ε͸ p0 ͷ৔ͷมಈ΁ٴ΅͢ӨڹΛද͢ඍ܎਺Ͱ͋Δɽͳ͓͜ͷ
ɼίϯτϩʔϥ͍͓ͯʹࢉܭ౓ͷײ u ʹؚ·ΕΔ p0 ͸ίϯτ
ϩʔϥͷઃܭʹ༻͍Δ஋Ͱ͋ΔͨΊɼมಈ͠ͳ͍ɽ͜ͷײ౓͸ x
ͷؔ਺Ͱ͋ΔͨΊɼঢ়ଶۭؒ಺ͷશମʹ͕޿ΔΑ͏ʹঢ়ଶྔͷ఺
xj (j = 1, 2, · · · , n)ΛऔΓ

Sf =

[ (
∂f
∂p0

∣∣∣
x=x1

)T

· · ·
(

∂f
∂p0

∣∣∣
x=xn

)T ]T

(14)

ͱͯ͠৔શମͷײ౓ Sf Λ͑ߟΔඞཁ͕͋Δɽ͜ΕΛ༻͍Δ͜ͱ
Ͱɼ࠷খಈྗֶύϥϝʔλ p0͕∆p͚ͩมಈͨ͠ͱ͖ͷ੍ޚʹ༻
͍Δ৔શମͷมಈΛද͢ϕΫτϧΛ Sf∆pͱද͢͜ͱ͕Ͱ͖Δɽ

2.4 ༗རͳύϥϝʔλಉఆख๏ʹޚ੍͍ͨ༺౓Λײ
৔શମͷมಈ͸ɼ1ͭͷ∆pʹରͯ͠͞ࢉܭΕΔͷͰɼࣜ (11)

ʹΑΓ࣮ݧσʔλ͔ΒN ΕͨΒɼͦ͞ࢉܭͷมಈ∆pi͕ݸ ͷ෼ɼ
৔શମͷมಈ͕ಘΒΕΔɽ͜ͷ֤σʔληοτʹର͢Δ৔શମͷ
มಈͷೋ৐࿨ΛධՁؔ਺ Js

Js =
N∑

i=1

‖Sf∆pi‖2 (15)

ͱ͠ɼ͜ΕΛ࠷খʹ͢ΔΑ͏ʹத৺ղ p0 ͱมಈ ∆pi ΛٻΊΕ
͹ɼ֬཰తʹมಈ͢Δύϥϝʔλʹରͯ͠ɼ੍ޚͷӨ͕ڹগͳ͍
Α͏ͳ p0 ΛٻΊΔ͜ͱ͕Ͱ͖Δɽ͜ͷ Js ͸ P Λ༻͍ͯ࣍ͷΑ
͏ʹද͢͜ͱ͕Ͱ͖Δɽ

Js = ‖SNP ‖2 (16)

ͨͩ͠ɼSN ͸࣍ͷΑ͏ʹද͞ΕΔྻߦͰ͋Δɽ

SN =





0 Sf 0 · · · 0
0 0 Sf · · · 0
...

...
...

. . .
...

0 0 0 · · · Sf




(17)

͜ͷ Js Λ࠷খʹ͢Δࣜ (11)ͷ α͸

α = −
(
SNA⊥

all

)#
SNA#

allB (18)

ͰಘΒΕΔɽ͜ΕΛࣜ (11)ʹ୅ೖ͢Δ͜ͱͰ P ͕ಘΒΕΔɽ͢
ͳΘͪɼ͜ͷ P ͸ಉఆσʔλ͔Β֬཰తʹಋग़͞ΕΔมಈ ∆p
͕͋ͬͨ৔߹ʹɼ৔શମͷมಈΛ࠷খʹ͢ΔΑ͏ͳத৺ղ p0 ͱ
มಈ ∆pi Λද͢ɽͳ͓ɼ͜ͷख๏Ͱ͸৔ͷײ౓ Sf ͷࢉܭʹத
৺ղ p0 ͷ஋͕ඞཁͰ͋Δɽ͕ͨͬͯ͠ɼ࣮ࡍʹಉఆΛࡍ͏ߦʹ
͸Ծͷ p0 Λ༻͍ͯԾͷײ౓ Sf Λ͠ࢉܭɼࣜ (11)(18)Λ༻͍ͯ
த৺ղ p0 Λಉఆɼͦͯ͜͠ͷ p0 Λ༻͍ͯײ౓ Sf Λࢉܭɼࣜ
(11)(18)Λ༻͍ͯ p0 Λಉఆ͢Δ͜ͱΛ܁Γฦ͢ɽ͜ͷ܁Γฦ͠
ʹΑΓ p0 ͷมԽ͕ 0ʹͳΕ͹ɼਖ਼͍͠ײ౓Ͱ্ͨ͑ߟͰࣜ (15)
Λ࠷খʹ͢ΔΑ͏ͳ P ΛٻΊΔ͜ͱ͕Ͱ͖Δɽ

3 γϛϡϨʔγϣϯʹΑΔূݕ
3.1 ධՁํ๏
ఏҊͨࣜ͠ (18)Λ༻͍Δ͜ͱʹΑΓɼ৔ͷมಈ͕খ͘͞ͳΔ

Α͏ͳ࠷খಈྗֶύϥϝʔλ p0 ͕ಉఆ͞ΕΔ͜ͱΛγϛϡϨʔ
γϣϯʹͯ͢ূݕΔɽ৔ͷมಈ͸ಉఆ͞Εͨ஋Λ༻͍ͯঢ়ଶํ
ఔࣜʹΑͬͯ͞ࢉܭΕΔ৔ͱɼਅ஋Λ༻͍ͯ͞ࢉܭΕΔ৔ͷࠩʹ
ΑͬͯٻΊΔ͜ͱ͕Ͱ͖Δɽ࠷খಈྗֶύϥϝʔλͷಉఆ஋Λ༻
ΕΔ৔Λ͞ࢉܭ͍ͯ ẋIɼਅ஋Λ༻͍ͯ͞ࢉܭΕΔ৔Λ ẋR ͱ͠ɼ
͜ΕΛ੍ޚʹ༻͍Δ৔શମͰೋ৐࿨ΛऔͬͨҎԼͰ༩͑ΒΕΔ J
ΛධՁؔ਺ͱͯ͠࢖༻͢Δɽ

J =
1
N

N∑

i=1

‖ẋR
i − ẋI

i ‖2 (19)

͜ͷධՁؔ਺͸ ẋR
i − ẋI

i Λ∆ẋi ͱݟΕ͹ɼࣜ (13)ͷؔ܎ΑΓɼ
ࣜ (15)ͷಉఆʹ༻͍ͨධՁؔ਺ Js ͱಉҰͰ͋Γɼ͜ͷධՁؔ਺
ͷ஋͕খ͚͞Ε͹৔ͷมಈ͕খ͘͞ͳΔΑ͏ͳಉఆ͕Ͱ͖͍ͯΔ
͜ͱʹͳΔɽ

3.2 ର৅ͱίϯτϩʔϥޚΔ੍͍༺ʹূݕ
ຊڀݚͰ͸ূݕʹਤ 1 ͷ 2 ॏৼࢠΛର৅ͱͯ͠༻͍ΔɽϦϯ

Ϋ 1ͷ࣭ྔΛm1ɼ௕͞Λ "1ɼઈର֯౓Λ θ1ɼॏ৺·ΘΓͷੑ׳
ϞʔϝϯτΛ I1ɼճస͔࣠Βॏ৺·Ͱͷڑ཭Λ "1gɼࠜݩͷؔઅ
෦෼Ͱͷ೪ੑ܎਺Λ d1 ͱ͠ɼϦϯΫ 2ʹରͯ͠΋ಉ༷ʹఆٛ͢
Δɽୈ 1ؔઅ͸डಈରۮɼୈ 2ؔઅ͸ೳಈରۮͰ͋Γͦͷൃੜτ
ϧΫΛ τ ͱ͢Δɽ

Fig.1 Experimental system and its dynamical model

ॏྗՃ଎౓Λ g ͱͯ͠ɼg ͱਖ਼֬ͳܭଌ͕༰қͳ "1 ͸ط஌ͱ
ͨ͠ͱ͖ɼ࠷খಈྗֶύϥϝʔλ͸ɼ

p1 = I1 +m1"
2
1g +m2"

2
1, p2 = I2 +m2"

2
2g

p3 = m1"1g +m2"1, p4 = m2"2g
p5 = d1, p6 = d2

(20)

ͱͳΔɽθ = [ θ1 θ2 ]T ͱ͢Δͱܥͷӡಈํఔࣜ͸

M(θ)θ̈ + C(θ, θ̇) +K(θ) =

[
0
τ

]
(21)
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ͰಘΒΕΔɽӡಈํఔࣜ͸࠷খಈྗֶύϥϝʔλ

p =
[
p1 p2 p3 p4 p5 p6

]T
(22)

ʹରͯ͠ઢܗʹɼͭ·Γࣜ (2)ͷܗʹ·ͱΊΔ͜ͱ͕Ͱ͖Δɽ·
ͨɼx = [ θT θ̇T ]T ͱͯ͠ɼӡಈํఔࣜ (21)Λ xʹ͍ͭͯ
੔ཧ͢Δͱɼঢ়ଶํఔ͕ࣜಘΒΕΔɽ2ॏৼࢠͷฏߧ఺͸ ẋ = 0
ΑΓ

θ̇1 = 0, θ̇2 = 0 (23)

p3 cos θ1 + p4 cos θ2 = 0 (24)

p4g cos θ2 = τ (25)

ͱͳΔɽ͜ΕΒͷࣜͰද͞ΕΔฏߧ఺ͷ࿈ଓͳू߹͕ฏߧଟ༷ମ
ͱͳΔɽίϯτϩʔϥͱͯ͠͸͜ͷฏߧଟ༷ମ΁ͷ҆ఆԽΛ໨ඪ
ͱͨ͠ϕΫτϧ৔Λ༻͍ͨίϯτϩʔϥΛར༻͢Δ [2]ɽ͜ͷί
ϯτϩʔϥ͸ฏߧଟ༷ମۙ๣ʹఆٛ͞Εͨॳظ஋͔Βฏߧଟ༷ମ
΁ऩଋ͢ΔيಓΛଟ਺༻ҙ͠ɼ͜ΕΒͷيಓ্Ͱͷঢ়ଶྔ x ͱ
ͦͷͱ͖ͷίϯτϩʔϥͷग़ྗ τ ͷηοτΛଟ߲ࣜؔ਺ʹΑͬͯ
Ͱ͸໨ඪͱ͢ΔฏূݕճͷࠓΕΔɽͳ͓ɼ͞ܭΔ͜ͱͰઃ͢ࣅۙ
ଟ༷ମΛߧ θ1 ͕ 80౓͔Β 90౓ͷൣғͱͨ͠ɽ

3.3 ଋ৚݅ͷ௥Ճ߆౓Λ༻͍ͨಉఆ΁ͷײ
ճର৅ͱͯ͠ར༻͢Δࠓ 2ॏৼࢠ͸ɼৼ͕ࢠฏߧଟ༷ମ্Ͱ҆

ఆԽ͞ΕΔͨΊʹࣜ (23)(24) Ͱද͞ΕΔ৚݅ࣜΛີݫʹຬͨ͢
ඞཁ͕͋Δɽͦ͜ͰɼࠓճͷূݕͰ͸ࣜ (23)ͷ΋ͱͰͷࣜ (24)
Λ߆ଋ৚݅ͱͯ͠ɼಉఆʹ௥Ճ͢Δɽ
·ͣɼ2ॏৼࢠΛԼ͖޲ʹͨΒͯ͠ୈೋؔઅͷ֯౓Λม͑ͯۂ

͛ɼ੩ͨͤ͞ࢭঢ়ଶͷσʔλΛऔΔɽ͜ΕΒͷσʔλ͔Βɼࣜ
(23)ͷ΋ͱͰͷࣜ (24)ͷ p3, p4 ͕ຬͨ͢΂͖৚݅ΛٻΊΔɽ͜
ͷ͕ࣜຬͨ͞ΕΔ͜ͱ͕߆ଋ৚݅ͱͳΔͨΊɼ͜ΕΛײ౓Λ༻
͍ͨಉఆ΁௥Ճ͢Ε͹ྑ͍ɻ͜Ε͸ɼࣜ (10)ͷ Aall ͷ্ʹɼࣜ
(24) ͷࣜΛ௥Ճ͢Ε͹Α͘ɼ͜ΕʹΑΓಉఆ݁Ռͱͯ͠༻͍Δ
p0 ͸ɼࣜ (24)Ͱද͞ΕΔ߆ଋ৚݅Λৗʹຬͨ͢͜ͱʹͳΔɽ

3.4 খಈྗֶύϥϝʔλͷಉఆͱ৔ͷൺֱ࠷
ಉఆ༻ͷσʔλΛಘΔͨΊʹɼਤ 2(a)ͷΑ͏ͳϑΟʔυόο

Ϋͷͳ͍ಉఆ༻ೖྗσʔλ τ Λ༩͑ɼ͜ͷͱ͖ͷܥͷԠ౴Λࢉܭ
͠ɼ֯౓σʔλ (θ1, θ2) Λಘͨɽ͜ͷԠ౴Λਤ 2(b) ʹࣔ͢ɽ࣍
ʹ τ ͱɼ(θ1, θ2)ʹฏۉ 0ͷਖ਼ن෼෍ʹ͕ͨ͠͏ࠩޡΛՃ͑ɼ͜
ͷ֯౓σʔλ͔ΒɼεϓϥΠϯิؒΛ༻͍ͯ֯଎౓ͱ֯Ճ଎౓ͷ
σʔλΛಘͯɼࣜ (3)ͷσʔληοτͰ͋Δ (Ai, bi)ΛٻΊͨɽ
͜ͷσʔλͱ߆ଋ৚݅Λදࣜ͢ (24)͔Βɼࣜ (20)ͷ࠷খಈྗֶ
ύϥϝʔλ pΛಉఆͨ͠ɽ༩͑ΔࠩޡΛม͑ͳ͕Β 100ճͬߦ
ͨɽ͜ͷͱ͖ਅ஋ͱͯ͠༩͍͑ͯͨύϥϝʔλͷ஋ͱɼఏҊ͢Δ
ಉఆख๏ɼ੍໿෇͖࠷খೋ৐๏ʹΑͬͯಘΒΕͨಉఆ஋ͷฏۉ஋
ͱඪ४ภࠩΛද 1ʹࣔ͢ɽͳ͓ఏҊ๏Ͱ৔ͷײ౓ͷࢉܭΛ͏ߦͱ
͖ʹ͸ɼίϯτϩʔϥઃܭͰيͨ͠༺࢖ಓ্ʹଟ਺఺ΛऔΓɼͦ
ΕΒͷ఺Ͱͷײ౓Λ͠ࢉܭར༻ͨ͠ɽͲͪΒͷ஋΋ਅ஋ͱ͸Ұக
ͤͣɼඪ४ภࠩʹ༗ҙੑ΋ݟΒΕͳ͍ɽ

Fig.2 Simulation result.(a)Input value τ for identifica-

tion. (b)Output θ1(blue),θ2(orange) when input

for identification is added.

͜ΕΒͷಉఆ஋Λ༻͍ɼࣜ (19)ʹΑͬͯධՁؔ਺ͷࢉܭΛͬߦ
ͨɽ͜ͷͱ͖ ẋR

i ͱ ẋI
i ͸ɼ৔ͷײ౓Λͨ͠ࢉܭ఺Ͱͷ஋Λࢉܭ

Table 1 True values of the parameters, mean and stan-

dard deviation (SD) using constrained proposed

method and least mean squares (LMS) method.

True Mean (SD) by proposed Mean (SD) by LMS

p1 0.0120 0.0142 (0.6×10−4) 0.0138 (0.2×10−4)

p2 0.0350 0.0394 (1.4×10−4) 0.0389 (0.7×10−4)

p3 0.0850 0.0862 (3.1×10−4) 0.0857 (1.3×10−4)

p4 0.1100 0.1115 (4.0×10−4) 0.1108 (1.7×10−4)

p5 0.0010 -0.0009 (9.9×10−4) 0.0022 (1.3×10−4)

p6 1.4000 1.3996 (5.6×10−4) 1.3979 (1.6×10−4)

͠༻͍ͨɽಘΒΕͨධՁؔ਺ͷฏۉ஋ͱඪ४ภࠩΛਤ 3ʹࣔ͢ɽ
·ͨ͜ͷ݁Ռʹର͠ɼ༗ҙਫ४ 5%ͰยଆݕఆΛͨͬߦͱ͜Ζɼ
p஋͕ 9.3× 10−24 ͱͳΓɼఏҊ๏ͷํ͕ධՁؔ਺ͷ஋͕༗ҙʹ
খ͍͞ɼͭ·ΓఏҊ๏ͷํ͕༗ҙʹ৔͕ۙ͘ͳ͍ͬͯΔ͜ͱ͕֬
͔ΊΒΕͨɽ͜ͷ݁Ռ͔ΒɼఏҊख๏ʹΑΓ੍ܥޚΛߏ੒ͨ͠ࡍ
ͷ৔ͷมಈ͕খ͘͞ͳΔ࠷খಈྗֶύϥϝʔλ͕ಘΒΕ͍ͯΔ͜
ͱ͕ཧղͰ͖Δɽ

Proposed LMS

V
a
lu
e
 o
f 

Fig.3 Mean and standard deviation of the evaluation

function J with 100 simulationsɽDifference is as-

seced with one-side test with an alpha level of

0.05(p<0.05).

4 ূݕΑΔʹݧ࣮
4.1 খಈྗֶύϥϝʔλͷಉఆ࠷
Ͱ͸ɼਤݧ࣮ 1(a)ͷ 2ॏৼࢠΛ༻͍ͨɽγϛϡϨʔγϣϯͱ

ಉ༷ʹಉఆ༻ͷσʔλΛೖख͠ɼ͔ͦ͜Β (Ai, bi)Λͯ͠ࢉܭ p
Λಘͨɽ·ͨɼ͜ͷ 2 ॏৼࢠΛԼ͖޲ʹਨΒͯ͠ୈೋؔઅΛۂ
͛ɼ੩ͨͤ͞ࢭσʔλΛෳ਺औΓɼ࠷খೋ৐๏ʹΑΓॏ৺Ґஔʹ
ؔ͢Δ߆ଋ৚݅ͷࣜ (24)Λͨ͠ࢉܭɽͦͯ͠ɼ͜ͷ੍໿৚݅ͱ
σʔληοτ (Ai, bi)Λ༻͍ͯɼ੍໿෇͖ͷ࠷খೋ৐๏ͱఏҊ๏
ʹΑΓɼ2ॏৼࢠͷ࠷খಈྗֶύϥϝʔλΛಉఆͨ͠ɽ͜ͷͱ͖
ಉఆͨ͠ύϥϝʔλͷ஋Λද 2ʹࣔ͢ɽ

4.2 ৔ͷฏۉԽʹΑΔධՁ
খಈྗֶύϥϝʔλͷਅ஋͸ෆ໌Ͱ͋ΔͨΊɼঢ়ଶ࠷Ͱ͸ݧ࣮

ํఔ͔ࣜΒਅͷ৔Λ͢ࢉܭΔ͜ͱ͕Ͱ͖ͳ͍ɽͦ͜Ͱ࣮ࡍʹ҆ఆ
Խ੍ޚΛͨͬߦσʔλ͔Βਅͷ৔Λͨ͠ࢉܭɽ
·ͣɼಉఆͨ͠ύϥϝʔλͷ஋͔Βɼฏߧଟ༷ମ΁ͷ҆ఆԽΛ

໨ඪͱͨ͠ϕΫτϧ৔Λ༻͍ͨίϯτϩʔϥΛઃ͠ܭɼ͜ΕΛ༻
͍ͯ҆ఆԽ੍ޚΛͨͬߦɽ͜ͷ݁ՌΛਤ 4ʹࣔ͢ɽ͜ͷਤ͸࣮ݧ
։͔࢝Β 10ඵؒͷঢ়ଶྔ͕ඳ͍ͨيಓΛද͍ͯ͠Δɽͳ͓ɼ࣮
ಓ͸ي͸͜ͷʹࡍ ಓͰ͋Δ͕ي಺ͷۭؒݩ4࣍ Ͱදࣔͯ͠ݩ3࣍
͍Δɽ࣮ݧͰ͸ɼ࠷ॳʹฏߧଟ༷ମ΁͚ͯ޲େ͖͘ಈ͍ͨ͋ͱɼ
̍఺Ͱ͸੩ͣͤࢭฏߧଟ༷ମۙ๣ΛΏͬ͘Γͱपظతʹಈ͖ଓ͚
͍ͯͨɽ
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Table 2 The parameter values identified by the con-

strained LMS method and the proposed method

from the data obtained by the experiment.

Proposed LMS

p1 0.0853 0.0791

p2 0.2035 0.1865

p3 0.3149 0.3023

p4 0.3975 0.3816

p5 -0.0041 -0.0546

p6 1.1591 1.1760

(a) Proposed (b) LMS
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Fig.4 The trajectory of the stabilization control.

σʔλ਺͕ྖҬʹΑͬͯେ͖ͳภΓΛ࣋ͭͨΊɼ৔ͷฏۉԽ
[8]Λ͜͏ߦͱʹΑΓɼ࣮ ݧͰಘΒΕͨ৔ͷۙ͞ΛධՁ͢Δɽ࣮ݧ
σʔλ͔ΒεϓϥΠϯิؒʹΑΓ͠ࢉܭฏۉԽͨ͠৔Λ ẋR

i ɼಉ
͡఺ʹ͓͍ͯঢ়ଶํఔ͔ࣜΒ͠ࢉܭฏۉԽͨ͠΋ͷΛ ẋI

i ͱ͠ɼ
ࣜ (19)ͷධՁؔ਺ J ͷ஋Λͨ͠ࢉܭɽ͜ΕΒฏۉԽͨ͠৔Λൺ
ֱͨ͠΋ͷΛਤ 5,6 ʹࣔ͢ɽධՁؔ਺ͷ஋͸࠷খೋ৐๏Λ༻͍
ͯύϥϝʔλಉఆΛͨͬߦͱ͖ J = 20.2ɼఏҊ๏Λ༻͍ͨͱ͖
J = 13.7ͱͳͬͨɽ͜ͷ݁Ռ͔Βɼ࣮ݧʹ͓͍ͯ΋ఏҊͨ͠ಉ
ఆ๏͕࠷খೋ৐๏ΑΓ΋৔͕ۙ͘ͳΔΑ͏ʹಉఆΛ͍ͯ͑ߦΔ͜
ͱ͕Θ͔Δɽ͜ͷ݁Ռ͸ਤ 5,6 ͷ A Ͱࣔ͞ΕΔ෦෼ʹେ͖͘ݱ
Ε͍ͯΔɽਤ 6Ͱ͸ɼ∆pʹΑͬͯ৔͕େ͖͘มԽ͠ɼԠ౴͕େ
͖͘มԽ͍ͯ͠Δɽ

5 ͓ΘΓʹ

ຊڀݚͰ͸ɼ੍ޚʹ༗རͳ࠷খಈྗֶύϥϝʔλͷಉఆख๏Λ
ఏҊ͠ɼγϛϡϨʔγϣϯɼ͓Αͼɼ࣮ݧʹΑΓ༗ޮੑΛ͠ূݕ
ͨɽҎԼʹ੒ՌΛࣔ͢ɽ

1. ϩϘοτͷ࠷খಈྗֶύϥϝʔλͷಉఆʹ͓͍ͯɼಉఆ༻
σʔλͷࠩޡΛύϥϝʔλͷ֬཰తมಈͱଊ͑ɼύϥϝʔ
λͷಉఆ஋ͱͳΔத৺ղͱมಈΛ͢ࢉܭΔख๏ΛఏҊͨ͠ɽ

2. ύϥϝʔλͷมಈʹ͸੍ܥޚΛߏ੒ͨ͠ࡍͷ৔ͷมಈ͕খ
͘͞ͳΔΑ͏ײ౓ʹ͍ͨͮجॏΈྻߦΛ༻͍ͨಉఆख๏Λ
ఏҊͨ͠ɽ

3. ఏҊख๏ͷ༗ޮੑΛ͠ূݕɼยଆݕఆʹΑͬͯఏҊख๏ͷ
༗ҙੑΛࣔͨ͠ɽ

4. ఏҊख๏Λ༻͍Δ͜ͱͰ৔ͷมಈ͕খ͘͞ͳΔ࠷খಈྗֶ
ύϥϝʔλ͕ಘΒΕΔ͜ͱΛ࣮ݧʹΑΓͨ͠ূݕɽ
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