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A Full Resource Predictive Control Approach to Control

Systems Subject to Computational Constraint
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Abstract A computational resource aware predictive control strategy as well as the controller design method is proposed

for control systems subject to limited, time-varying and unknown computational resources. The strategy calculates multi-

step forward control predictions when the allocated computational resources allow so, which are then used to close the

system when the available computational resources are too less to run the controller, thus enabling the improvement of

the control performance at no cost of additional computational resources requirement. The controller is realized by a

modified model predictive method, and both numerical simulation and MATLAB/LabVIEW co-simulation validate the

eÆectiveness of the proposed approach.
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ఃႋႨਵთ, ২ೂᇆ߰ंࡅaӚ৳ຩaᇆ߰۽ӌ֩
۲ᇕᇆି৳༢֤֞ਔ֥ؿᅚ. ᆃᇕؿᅚ֤
ၭႿ๙ྐ࠹ބෘਆᇕඌ֥ऍն҄ࣉ, ၂ٚ૫, ๙
,҄ࣉඌ֥ྐ หљ൞ཌ๙ྐຩ֥ؿᅚ, ֤ྐ
༏ੀ۷ಸၞ, ӮЧ۷֮, ՜ࣉਔնܿଆ৳༢
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ᇏ֥ܼٗႨູ॥ᇅ༢ഡٳބ࠹༅ิԛਔྍ֥็

ᅞ, ္՜ਔ۲۱҂ཌྷܱ֥࣮ਵთ֥ԛགྷބ
.ᅚؿ Ֆॉ੮۲ᇕ๙ྐຩᄝ॥ᇅ༢ྐ༏Ԯൻᇏ
֥ቔႨ֥࢘؇, ԛགྷਔຩ߄॥ᇅ༢֥ۀ, ਵھ
თᄝݖಀ࣍ 20 ୍֥նਈູ࣮Їݣ๙ྐຩၹ
֥॥ᇅ༢֥ഡٳބ࠹༅קਔࡔൌ֥ࠎԤ[7°10];
Ֆॉ੮۱؟ഡСࡗ৳ࠣఃຉ௪ބܒࢲಕุྛູ֥

,؇࢘ ਔ၂۱ᇗေ֥ଆ܂ሱᇶุ༢֥࣮ิ؟ູ
ࠎԤ[11°12]; Ֆ༢ྐބ༏༢ࢌ႕ཙ֥
,؇࢘ ྐ༏༢္֥࣮ᄝ୍ུ࣍யѱؿᅚఏ
ট[13°14].
აഈඍ࢘؇҂, Ч໓ܱᇿ۲োᇆି༢ᇏն

ਈҐႨ֥ັԩఖࠣఃջট֥࠹ෘି৯ཋᇅ໙

ี. ൙ൌഈ, ۲োᇆି༢ၛ۱؟ऎႵႵཋ࠹ෘބ
๙ྐି৯֥ഡС֥৳๙ູࠎЧหᆘ, ൝с֝ᇁ
ః࠹ෘି৯Ӯູܱᇿ֥ׄࢊ, ၂ٚ૫ᄎྛ॥ᇅఖഡ
СЧദ֥࠹ෘି৯Ⴕཋ, ਸ਼၂ٚ૫Ⴛေᄝ৳֥ഡ
С܋ࡗཚ࠹ෘሧჷ, ֤ؓଖห֥ק॥ᇅ༢ط,
ః॥ᇅఖ֥ॖႨ࠹ෘሧჷӮູႵཋൈэ҂ॖყ

ҩ[15°16].
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Ԯ॥ᇅ༢֥ॖႨ࠹ෘሧჷޓഒႵ҂ॖყҩ

֥หׄ. ၹູԮ॥ᇅ༢ສສ҂թᄝնਈഡС֥
,৳ Ֆطᄝ༢шࢸഈ൞ٿо֥, ࠧ॥ᇅ༢֥۲
۱ቆھؓࡱ༢൞Ⴕ֥. ၹՎ, ࠧь࠹ෘሧჷႵཋ
ൈэ, ᆃ၂э߄หׄᄝ॥ᇅ༢֥ٓԐଽ္ສສ൞
൙༵ყᆩ֥. ॖၛҐႨٳᆩ֥ൈэሧჷ֥ၘؓط
۲ᇕሧჷט؇֥ෘྛࣉمႵིԩ[17°19].
ᄝЧ໓࣮֥໙ีᇏ, ؓႿิ࠹܂ෘି৯֥ഡ

С, ಯ၇ঠט؇ෘھؓمഡС֥࠹ෘሧჷྛࣉಆअ
,ٳ ൞, ၹູಆअטෘٳ֥مޓൌൈሙಒ
,॥ᇅ༢֥ླေॉ੮ᄝଽࡼֹ ۳॥ᇅ༢֥ٳ
ॖႨ࠹ෘሧჷࣼ૧ऎႵႵཋൈэ҂ॖყᆩ֥ห

ׄ. Ⴕཋൈэ֥หׄၩሢᄝଖུൈख़॥ᇅ༢ॖ
ି߶ၹູ࠹ෘሧჷഒطمᄎྛ॥ᇅఖ, ֤༢
षߌ, ᄝࠞ؊౦ঃ༯ॖᄯӮ༢ാ໗, ҂ॖყҩط
֥หׄႻ֤ޅཌഡم֥ٚ࠹ാི. ᆃ֤҂
ॉ੮ᆃ၂ྍหྟ֥Ԯ॥ᇅٚޓمᄝᆃᇕྍ౦

༯ႵིߨؿቔႨ, Ֆطေ၂ᇕᄝཌ֥ಆྍ֥॥ᇅ
ॿࡏটԩᆃ၂໙ี.
Ч໓૫ཟ࠹ෘ൳ཋ॥ᇅ༢ิԛ၂ᇕಆሧჷყ

ҩ॥ᇅҦࠣཌྷܱ॥ᇅఖഡمٚ࠹. Ҧᇿၩ֞ھ
ਔႵཋൈэॖႨ࠹ෘሧჷ֥ਸ਼၂۱ॖିหׄ, ࠧᄝ
ଖུൈख़ॖႨ࠹ෘሧჷॖିູࠞԉቀ, ᄝᄎྛ॥ᇅ
ఖຓߎႵնਈഺჅ, ၹՎࣼॖၛႨᆃུԉቀഺჅ
,॥ᇅਈ֥భཟყҩྛࣉෘሧჷ࠹֥ ᆃུ॥ᇅყҩ
ਈܔିطࣉᄝ॥ᇅ༢ॖႨ࠹ෘሧჷ҂ቀൈоކ༢

. ᆃ၂ҦࣇႨၘٳ۳॥ᇅ༢֥࠹ෘሧჷ,
๙ؓݖః۷ԉ֥ٳ০Ⴈॖ֥ݺ۷֤ࠆ॥ᇅ༢ྟ

ି.
Ч໓ܒࢲνஆೂ༯: ֻ 1 ၬ෮ॉ੮ק۬ࢫ

֥໙ี; ֻ 2 ;ԛಆሧჷყҩ॥ᇅҦิࢫ ֻ 3 ࢫ
Ҧھቔູمଆყҩ॥ᇅෘ֥ࣉڿਔ၂ᇕ܂ิ

෮ေ֥॥ᇅఖ֥၂ᇕऎุൌགྷ; ֻ 4 ႿࠎႨࢫ
MATLAB ֥ඔᆴٟᆇބMATLAB/LabVIEW ৳

;ဒᆣྛࣉمෘބᆇؓิԛ֥Ҧٟކ ֻ 5 ࢲሹࢫ
ಆ໓.

1 ໙ี૭ඍ

ॉ੮ 1 ෮ൕ֥॥ᇅ༢, ః൳॥ؓའႮ
ൈ؟ࡗൻೆ؟ൻԛཌྟൈ҂э༢૭ඍ.

x(k + 1) = Ax(k) + Bu(k) (1)

ఃᇏ, x(k) 2 Rn, u(k) 2 Rm, A 2 Rn£n, B 2
Rn£m.
ᄝ 1 ᇏ, ॥ᇅఖ๙࠹ݖෘି৯൳ཋ֥ଖళೆ

ൔԩఖൌགྷ, ѩھԩఖൈڵᄳః༢ (ॖ
ିѩ٤॥ᇅ༢) .ෘༀ࠹֥ ᆃ၂ଆ֥ิԛ൳࣍
୍ུॹؿᅚ֥ཌԮۋຩྐބ༏༢֩ো

༢֥ఓؿ, ෘି৯൳ཋ֥ഡСն࠹ো༢ऎႵھ
ܿଆ৳Ⴈ֥ࠎЧหᆘ. ۳෮ٳଆၩሢھ
ॉ੮֥॥ᇅ༢֥࠹ෘሧჷ၂ٚ૫൞Ⴕཋ֥, ၹູ
ԩఖ֥࠹ෘି৯ЧദႵཋ, ਸ਼၂ٚ૫Ⴛӯགྷԛ҂
ॖყᆩ֥ൈэหྟ, ၹູ࠹ھෘି৯ა෮ॉ੮֥॥
ᇅ༢ຓ֥ః༢ބഡС܋ཚ, ᄯӮ࠹ھෘି৯
ᄝ෮ॉ੮॥ᇅ༢֥шࢸᆭຓطمႵིܵ.

 1 ऎႵൈэ҂ॖყᆩ࠹ෘሧჷ֥॥ᇅ༢

Fig. 1 Control systems with time-varying and

unpredictable computational resources

ೂݔႨ R(k) іൕ k ൈख़ٳ۳෮ॉ੮॥ᇅ༢
֥ॖႨ࠹ෘሧჷ, Ⴈ R§ іൕԩఖ֥ሹ࠹ෘሧ

ჷ, ᄵႵ

R(k) ∑ R§ (2)

ݼෘ॥ᇅྐ࠹ࡼ u(k) ෮ླ֥ቋཬ࠹ෘሧჷ࠺
ູ R§

u, ᄵႋႵ R§
u < R§, ෘ࠹ԩఖ֥ቋնھᄵڎ

ି৯҂ቀၛᄎྛ॥ᇅఖ, ္ࣼ൞ؓ॥ᇅ༢ط
ປಆ҂ॖႨ. ᄝൈख़ k ॥ᇅਈॖФ࠹ෘ่֥ࡱ൞ᄝ
Վൈख़॥ᇅ༢ॖႨ֥࠹ෘሧჷ҂ཬႿ෮ေ֥

ቋཬ࠹ෘሧჷ, ࠧ

R§
u ∑ R(k) (3)

ೂൔ (3) ҂ડቀ, ᄵ॥ᇅྐݼ u(k) ࠹مෘ.
ൔ (3) Ӊൈࡗ҂Фડቀ, ᄵ༢ିॖޓࡼၹູ
ЌӻषߌӉൈطࡗ҂໗ק, ᆃᄝൌ࠽༢ᇏ൞҂
ᄍྸ֥.
ൔ (2) ൔބ (3) ,ѩೂ༯ކॖ ᆃ൞Ԯ॥ᇅٚم

.ࡱႨ֥భิ่ܔି

R§
u ∑ R(k) ∑ R§, 8k (4)

ಖط, ॖႨ࠹ෘሧჷ֥ൈэหྟၩሢᄝଖུ
ൈख़ R(k) ߶ݖႵཋط҂ି࠹ෘ॥ᇅྐݼ, ࠧ

9k, s.t. R(k) < R§
u ∑ R§ (5)

ູਔࢳथഈඍ໙ี, ၂ᇕॖି֥ࢳथٚσ൞ؓ
.؇טಆअྛࣉෘሧჷ࠹ ಖط, ໙ีᇏھᄝمෘ؇ט
ၛི, ჰၹႵؽ: 1) ᄝԩఖ֥࠹ෘሧჷ൞Ⴕ
ཋ֥ѩ܋ཚ֥༢ބഡСؓԩఖ࠹ෘሧჷေ
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భิ༯֥ۚࢠ (ᆃ൞Ч໓ॉ੮໙ี֥ԛׄؿ), ൔ (4)
ᇏ֥࠹ෘሧჷေ҂ॖିؓ෮Ⴕൈख़ડቀ ᄵڎ)
Ԯ॥ᇅٚॖࠧمડቀေ), ၩሢൔ (5) ᇏ֥౦
ྙሹ߶ԛགྷ (ᄝᆃུ౦ྙൈԮ॥ᇅٚمാི); 2)
ෘሧჷေ࠹॥ᇅ༢֥ൌൈࡼم๙ӈمෘ؇ט

ॉ੮ᄝଽ, ၹՎ, ഒᄯӮൔݖෘሧჷ࠹ٳ߶ᆀࠇ
(5) ᇏ֥౦ྙ, ෘ࠹֥٤сླ֥ЏࡼЌ൯ݖᆀࠇ
ሧჷٳ۳॥ᇅ༢طᄯӮশٮ, ္ࣼ൞߶ԛགྷೂ
༯౦ྙ:

9k, s.t. R§
u ø R(k) ∑ R§ (6)

ሸކೂഈษં, Ч໓ॉ੮ೂ༯໙ี:
໙ี 1. ॉ੮ೂ 1 ෮ൕ֥॥ᇅ༢, ఃᇏ॥ᇅ

༢ॖႨ࠹ෘሧჷ൞Ⴕཋൈэط҂ॖყᆩ֥, ࠧᄝ
ଖུൈख़߶ഒط҂ିᆳྛ॥ᇅఖ֥࠹ෘ (ൔ (5)),
Ⴕնਈߎෘު࠹ᄝః၂ུൈख़ᄝᆳྛປ॥ᇅఖط

ഺჅ (ൔ (6)). ഡ࠹॥ᇅҦၛႵིႨ࠹ෘሧჷ,
ิശ॥ᇅ༢ྟି.
ᇿ 1.  1 ᇏళೆൔԩఖ֥Ⴕཋ࠹ෘሧჷᄝ

॥ᇅ༢֥॥ᇅఖބఃॖି֥܋ཚഡСᇏ๙ݖଖ

ᇕט؇ෘٳྛࣉم. Ч໓ѩ҂࣮ᆃུ࠹ෘሧჷ
,مෘ؇ט֥ ,༯مෘ؇טෘሧჷ࠹֥ק൞ᄝ၂ط 
࣮ೂٳؓޅ۳॥ᇅ༢֥Ⴕཋൈэط҂ॖყᆩ֥

.Ⴈི֥ۚྛࣉෘሧჷ࠹ ᄝᆃ۱ၩၬഈ, Ч໓෮ቓ
֥࣮ѩ٤൞࠹ෘሧჷט؇ෘู֥مս, ൞ఃᄝط
॥ᇅ༢ႋႨӆࣟ༯֥Ҁԉ.

2 ಆሧჷყҩ॥ᇅҦ

Чࢫ൮༵ษં॥ᇅ༢ॖႨ࠹ෘሧჷა॥ᇅყ

ҩ҄Ӊ֥၂۱ࠎЧܱ༢, ෛᆭ۳ԛಆሧჷყҩ॥ᇅ
Ҧ֥૭ඍ, ቋުษંႨھҦ֥ෘބିྟمо
.ྟק༢֥໗ߌ

2.1 ॖႨ࠹ෘሧჷა॥ᇅყҩ҄Ӊ

Ч֥ࢫษંᇶေࠎႿೂ༯൙ൌ[20]: ॥ᇅఖ෮ླ
.ࡆ۬ᄹطࡆෘሧჷෛሢ॥ᇅყҩ҄Ӊ֥ᄹ࠹֥
ᇿၩ֞࠹ෘሧჷ၂ϮႮٳ۳֥ԩఖൈࡗটޙਈ,
ᄝ҂ႄఏ༂֥ࢳభิ༯, ႨR(k) ሱദіൕᄝ k ൈख़
,ࡗ۳॥ᇅ༢֥ԩఖൈٳ ՖطR(k) 2 R+

0 , ᆃ
 R+

0 ൞ڵ٤ൌඔࠢ. ෘ॥ᇅყҩ҄Ӊ࠹࠺ i ෮ླ
ቋཬ࠹ෘሧჷູ R§

i (Ֆط R§
0 = 0  R§

1 = R§
u), Ⴕ

ೂ༯֥ՖॖႨ࠹ෘሧჷ֞॥ᇅყҩ҄Ӊ֥႘ഝ, f :
R+

0 ! N+
0 , ఃᇏN+

0 ൞ڵ٤ᆜඔࠢ.

f(R(k)) = Nk, R§
Nk
∑ R(k) < R§

Nk+1 (7)

ൔ (7) ඪૼ, ؓൈख़ k ֥ၩॖႨ࠹ෘሧჷ, ࡼ
Ⴕື၂֥॥ᇅყҩ҄Ӊ Nk აᆭؓႋ. ॖၛᇿၩ֞,
ඔݦ f(·) ൞؍ٳӈᆴႷ৵࿃֥.

ൔ (7) ᇏ֥႘ഝิ܂ਔुր॥ᇅ༢ॖႨ࠹ෘ
ሧჷ R(k) ֥ਸ਼၂۱൪࢘, ࠧॖၛФ֩ुࡎቔ࠹ෘ
ሧჷॖၛԩ֥॥ᇅყҩ҄Ӊ Nk. ਸ਼ຓ, Ֆൔ (5)
ൔބ (6) ॖၛ֤ԛ: 1) ൔ (5) Ӯ৫, ᄵ Nk = 0; 2)
ൔ (6) Ӯ৫, ᄵ Nk ¿ 1.
భ၂۱่ࡱ Nk = 0 ֤Ԯ॥ᇅෘمᄝՎԩ

ാི, ၹູॖႨ֥࠹ෘሧჷ৵၂҄॥ᇅྐݼم
ෘԛ (ေ Nk ∏ 1, 8k), ࡱ၂۱่ުط Nk ¿ 1 ᄵ
.ෘሧჷ֥ॖିྟ࠹ਔ۷ູႵི০ႨॖႨ܂ิ ᇿၩ
֞ᄝᆃᇕ౦ঃ༯, ০ႨॖႨ࠹ෘሧჷॖၛ࠹ෘ҄؟
॥ᇅྐݼ.
ᇿ 2. ൔ (7) ᇏ֥႘ഝ൞၇ঠऎุ֥॥ᇅෘم

֥. ॥ᇅෘمЧദگᄖ؇ۚ, ᄵႮ R(k) ႘ഝ֥֞
Nk ᆴࢠཬ, ᄵڎ Nk ᆴࢠն. ᆃѩ҂႕ཙᆃ၂႘
ഝ֥ࠎЧྙൔބ Nk ෛ R(k) ඔݦᄹ־ f(·) ൞ٳ
,ЧྟᇉࠎӈᆴႷ৵࿃֥؍ ၹՎ္ѩ҂႕ཙЧ໓
ު࿃֥ษં.

2.2 ಆሧჷყҩ॥ᇅҦࠣෘم

Ч໓ิԛ֥ᆌؓ࠹ෘ൳ཋ॥ᇅ༢֥ಆሧჷყ

ҩ॥ᇅҦ֥ࠎЧܒࡏ 2.

 2 ૫ཟ࠹ෘ൳ཋ॥ᇅ༢֥ಆሧჷყҩ॥ᇅҦ

Fig. 2 The full resource predictive control strategy for

control systems subject to computational constraints

Ԯ॥ᇅٚ࠹ࣇمෘ֒భൈख़֥॥ᇅਈ, ᄝط
Ч໓֥ಆሧჷყҩ॥ᇅҦᇏ, ॖႨ֥࠹ෘሧჷФ
ԉٳႨ࠹ෘ֥؟ିॖ࣐భཟყҩ॥ᇅਈ. ᆃུყ
ҩ॥ᇅਈطࣉթԥᄝᆳྛఖ؊ၛСႨ. ၇ᅶൔ (7)
ᇏ֥႘ഝ, ѩࠎ࠺Ⴟ k ൈख़ྐ༏࠹ෘ֥ k + i ൈख़֥
॥ᇅყҩਈູ u(k + i|k), i = 0, 1, · · · , Nk, ᄵ k ൈ
ख़֥భཟყҩ॥ᇅਙॖࡹܒೂ༯:

U(k|k) = [u(k|k) u(k + 1|k) · · · u(k + Nk ° 1|k)]
(8)

 2 ᇏ֥॥ᇅྐݼ࿊ᄴఖЇݣਆ۱҆ࡱ: 1 ۱
,թఖ࠷ թԥቋնॖିӉ؇֥భཟყҩ॥ᇅܔି
ਙ; 1 ,ਫ਼ֆ֥આࠠࡥ۱ ॖၛႨট࿊ᄴކൡ֥॥ᇅ
.ݼྐ ॥ᇅྐݼ࿊ᄴఖοೂ༯ٚൔ۽ቔ:

1) ᄝྍ֥భཟ॥ᇅყҩਙ֞ղൈ۷ྍ࠷թ
ఖ, Ќᆣ࠷թఖᇏ֥భཟ॥ᇅყҩਙሹ൞ቋྍ֥.



4௹ ઔէౘ֩: مෘ൳ཋ॥ᇅ༢֥၂ᇕಆሧჷყҩ॥ᇅٚ࠹ 733

ႮႿൔ (5), թఖᇏ࠷ k ൈख़֥భཟ॥ᇅყҩਙѩ
҂сಖ൞ᄝ֒భൈख़࠹ෘ֥. ࠺ k ൈख़࠷թఖᇏ֥
భཟ॥ᇅყҩਙၘࣜᄝఃᇏթԥਔ ¬§k ҄, k ൈख़
֥భཟ॥ᇅყҩਙᄵ൞ᄝ k ° ¬§k ൈख़࠹ෘ, ॖཿ
ູ U(k ° ¬§k|k ° ¬§k).

2) ᄝ֒భ࠹ෘሧჷ҂ቀ࠹مෘ॥ᇅྐݼൈ,
Ֆభཟ॥ᇅყҩਙᇏ࿊౼ކൡู֥ս॥ᇅਈ. 
Ⴈഈ૫ݼژ, k ൈख़Ֆ U(k ° ¬§k|k ° ¬§k) ᇏ࿊౼֥
॥ᇅਈູ

u(k) = u(k|k ° ¬§k) (9)

࿊౼֥॥ᇅਈ࣐ܵ u(k|k°¬§k)൞ࠎႿᇌު֥༢
ሑ (ൈख़ k ° ¬§k) ,ෘ֥࠹ ھ॥ᇅਈ൞ህູ k
ൈख़࠹ෘ֥, ၹՎކഡ࠹భཟ॥ᇅყҩਙ, ಯ
ॖбᄝ֤֒ࠆمభ॥ᇅਈൈҐႨԮ֥ਬ॥ᇅิ

.॥ᇅྟି֥ݺ۷܂
ູ֤ᄝޅൈख़Ֆభཟ॥ᇅყҩਙᇏႵ

॥ᇅਈॖႨ, ॖႨ࠹ෘሧჷླડቀ၂ࡱ่ק, ೂં
1 ෮ඍ. ᆃ္൞Վު෮ิԛ֥ෘم 1 ቔ֥భ۽ܔି
.ࡱ่ิ
ં 1. ༯ൔӮ৫:

Nk°¬§k
∏ ¬§k + 1, 8k > ¬§k (10)

ᄵൔ (9) ᇏ֥॥ᇅਈሹᄝ॥ᇅྐݼ࿊ᄴఖᇏॖ܂࿊
ᄴ.
ᆣૼ. ᇿၩ֞ k ൈख़֥భཟ॥ᇅყҩਙ U(k

° ¬§k|k° ¬§k) ൞ᄝ k° ¬§k ൈख़࠹ෘ֥. ູਔ֤ο
ᅶൔ (9) ࿊౼֥॥ᇅਈᄝ U(k ° ¬§k|k ° ¬§k) ᇏ, భ
ཟ॥ᇅყҩਙ֥Ӊ؇, ࠧ Nk°¬§k

, ླ҂ཬႿ k ° (k
° ¬§k) + 1, ᆃᆞ൞ંᇏ۳ԛ่֥ࡱ. §
ᇿ 3. ॉ੮ೂ༯ਆᇕં 1 ֥ห২౦ঃ.
1) ¬§k ¥ 0. ᆃ၂่ࡱၩሢ॥ᇅ༢֥ॖႨ࠹

ෘሧჷ R(k) ሹିᇀഒ࠹ෘ၂҄॥ᇅਈ, ࠧ Nk ∏ 1,
8k. ᄝᆃᇕ౦ྙ༯, Ԯ॥ᇅٚॖ္مႨ, ၹՎ,
ᄝՎၩၬ༯Ч໓ٚࡼ္مԮ॥ᇅٚمቔູห২.

2) 9k, ¬§k > 0. ᆃ၂่ࡱၩሢ॥ᇅ༢֥ॖ
Ⴈ࠹ෘሧჷ R(k) ᄝൈख़ k ° ¬§k + 1 ֞ k ଽሹ҂ି
,॥ᇅਈޅෘ࠹ ࠧNi ¥ 0, k°¬§k +1 ∑ i ∑ k. ᄝ
ᆃᇕ౦ঃ༯, Ԯ॥ᇅٚࡼم۽مቔ, مЧ໓ٚط
ಏሹॖၛႵყҩ॥ᇅਈ u(k|k ° ¬§k) ॖႨ.
෮ิԛ֥Ҧሹູࢲෘم 1, ҐႨھෘ֥م༢

ᆜุܒࡏ 2.
ෘم 1. ಆሧჷყҩ॥ᇅҦ
҄ᇧ 1. ԮۋఖҐဢ༢ሑѩࡼҐࠢඔऌԮ

ൻᇀ॥ᇅఖ;
҄ᇧ 2. ႮॖႨ࠹ෘሧჷ R(k) οᅶൔ (7) ֤ࠆ

ෘ֥॥ᇅყҩ҄Ӊ࠹ॖ Nk, οᅶൔطࣉ (8) ෘభ࠹
ཟ॥ᇅყҩਙѩࡼᆭԮᇀᆳྛఖ;

҄ᇧ 3. ॥ᇅྐݼ࿊ᄴఖ۷ྍ࠷թఖ, οൔ (9)
࿊ᄴ॥ᇅਈѩᆳྛఖᆳྛ॥ᇅਈ.
ᇿ 4. ෘم 1ѩໃॉ੮࠹ෘൈ֝ࡗᇁ֥ൈ. ၹ

ູა॥ᇅ༢֥ൈࡗԄ؇ཌྷб, ෘൈສສ൞࠹ھ
ቀܔཬॖၛޭ֥. ҂ݖ, ླေᆷԛ֥൞, ೂݔध
ؓсေ, ᆃ၂ൈॖၛ٢ೆ֞ᆳྛఖ֥֩րൈ ¬§k
ᇏ, ၹՎॖၛᄝ҂۷ڿ༢ܒࡏ༯ྛࣉႵིԩ.
ᇿ 5. ෘم 1 ෘ࠹۳॥ᇅ༢֥ٳࣜၘؓࣇ

ሧჷቓႵ০Ⴟ॥ᇅ༢ྟି֥ކႨ, ఃಃཋअ
ཋႿ॥ᇅ༢Чദ. ؓᆜ۱ళೆൔԩఖ֥࠹ෘሧ
ჷ֥ٳླႮഈ၂ࠩܒࠏ, مෘ؇טෘሧჷ֥࠹ࠧ
ቓԛ. Ч໓֥ಆሧჷყҩ॥ᇅҦ൞ᄝՎၩၬ༯ؓ
.၂۱ႵིҀԉ֥؇טෘሧჷ࠹

2.3 ෘم 1ྟିษં

Ԯ॥ᇅٚمᄝ֤֒ࠆمభ॥ᇅྐݼൈ, ສ
ສࠇᆀႨਬࢨЌӻ (ࠧЌӻ༵భ֥॥ᇅൻೆ), ࠇ
ᆀҐႨਬ॥ᇅ (༢ਢൈषߌ). ᆃဢ, ૫ؓЧ໓ॉ
੮֥࠹ෘሧჷႵཋ֥॥ᇅ༢, ႨԮ॥ᇅٚم
ൌ࠽෮ҐႨ֥॥ᇅྐݼೂ༯:

ũ(k) =

(
u(k ° ¬§k|k ° ¬§k)ࠇ 0, ൔ (5)Ӯ৫

u(k|k), ః

(11)

აᆭཌྷؓႋ֥, ҐႨಆሧჷყҩ॥ᇅҦ֥ൌ
Ⴎൔݼ॥ᇅྐ࠽ (9) ۳ԛ, ཿֹູࡎ֩ࠇ

u(k) =

(
u(k|k ° ¬§k), ൔ (5)Ӯ৫

u(k|k), ః
(12)

Ֆൔ (11) ൔބ (12) ॖၛुԛ, ᄝ॥ᇅ༢Фٳ
֥࠹ෘሧჷԉቀൈ, ࣼൌ࠽Ⴈ֥॥ᇅྐطݼ,
Ⴈࠇ҂ႨЧ໓ิԛ֥ಆሧჷყҩ॥ᇅҦѩ

љ; ൞, ᄝ֒భ࠹ෘሧჷ҂ቀၛྛࣉ॥ᇅ࠹ෘൈ
(ࠧൔ (5) Ӯ৫), Ч໓Ҧิ܂ਔحຓ֥ሱႮ؇, 
֤ॖၛᆌؓऎุ౦ഡ࠹ൔ (8) ᇏ֥భཟყҩ॥ᇅ
ਙؓЧটಌഒ֥॥ᇅྐูྛࣉݼսҀӊ.
Ֆᆃ၂࢘؇টඪ, Ч໓ิԛ֥ಆሧჷყҩ॥ᇅ

Ҧ๙ݖԉٳႨٳ۳֥࠹ෘሧჷ ѩ҂ေط)
,(؟۷ ॖၛൌགྷᇀഒ҂ҵႿԮ॥ᇅ෮ջট֥॥ᇅ
ྟି ( u(k|k ° ¬§k) = u(k ° ¬§k|k ° ¬§k)ࠇ 0 ), 
๙ކݖഡ࠹ൔ (8)ᇏ֥భཟყҩ॥ᇅਙ U(k|k),
.ྟିॖބ؇ਔิശ॥ᇅ༢ྟି֥ሱႮ܂ิ
ਸ਼ຓ, ൔ (8) ᇏ֥భཟყҩ॥ᇅਙ U(k|k) ࣇ

൞၂ᇕ၂Ϯྙൔ, ᆌؓऎุྙൔބଢѓ֥༢ླߎ
ေऎุ֥ഡ࠹. ൙ൌഈ, ᆺေॖၛӁള෮ླ֥భཟ॥
ᇅყҩਙ, ᄍྸ෮Ⴕॖି֥॥ᇅఖഡمٚ࠹. ২
ೂ, ᄝֻ 3 ଆყҩ॥ᇅ֥ࣉڿႿࠎ۳ԛਔ၂ᇕࢫ
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֥ഡمٚ࠹. ,၂҄ࣉ Ֆ U(k|k) ֥၂Ϯྟഈඪ, ෮
ิԛ֥ಆሧჷყҩ॥ᇅҦॖႨႿၩ൳॥ؓའ,
,ѩ҂अཋႿཌྟ༢ଆط Ч໓ҐႨཌྟؓའࣇ
ູਔު࿃༢ٳ༅ބऎุభཟყҩ॥ᇅਙൌགྷ֥

ٚь.

2.4 оߌ༢໗ྟק

ҐႨෘم 1 ֥॥ᇅ༢෮Ⴈ֥॥ᇅྐݼႮ
ൔ (8) ൔބ (9) ۳ԛ. ൞, ൔ (8) ᇏყҩ॥ᇅਙ
U(k|k) ֥ഡ࠹൞၂۱ष٢໙ี, ѩીႵ൙༵ܿק
,ൔྙקหޅ ၹՎоߌ༢֥ऎุྙൔބཌྷႋ֥о
.༅ࣼၛ၂Ϯྟ֥۳ԛٳྟק໗ߌ ਸ਼၂ٚ૫, ॥ᇅ
༢֥ॖႨ࠹ෘሧჷႮഈҪ۳ܒࠏ؇טԛ, ౦؟ޓ
ঃ༯ॖିم൙༵࠹ܙ, ᆃ֝ᇁਔؓॖႨ࠹ෘሧჷ
طࣉ) ¬§k) ,كਈ૭ඍ֥ಌק ္֤၂Ϯྟ֥оߌ༢
໗ٳྟק༅ࢠྛࣉ.
ູਔିܔฐษоߌ༢֥໗ྟק, ॉ੮၂ᇕࡥ

ֆ౦ঃ. ൮༵ࡌഡყҩ॥ᇅਙ U(k|k) ҐႨሑّ
ঌ֥౦ঃ. Վൈൌ࠽Ⴈ֥॥ᇅྐݼ u(k|k°¬§k) ္
ऎႵሑّঌ֥ྙൔ, ࠧ

u(k|k ° ¬§k) = K¬§k
x(k ° ¬§k) (13)

ఃᇏ, ሑّঌᄹၭK¬§k
ཁൔ၇ঠ ¬§k.

оߌ༢طࣉऎႵೂ༯ྙൔ:

x(k + 1) = Ax(k) + BK¬§k
x(k ° ¬§k) (14)

ఃՑ, ႵႮࡌഡٳ۳॥ᇅ༢֥࠹ෘሧჷ
҂൞၂ᆰಌ֥ك, ପહթԥᄝ࠷թఖᇏ֥భཟყҩ
॥ᇅਙࣼሹॖၛᄝႵཋൈࡗଽ֤֞۷ྍ. ࠧթᄝ
ଖഈࢸ NR, ֤ 0 ∑ ¬§k ∑ NR. ,طࣉ ᄹܼࡹܒॖ
༢ሑ X(k) ູ

X(k) = [x(k) x(k + 1) · · · x(k + NR)]T (15)

оߌ༢ (14) ֥ᄹܼྙൔॖཿູ

X(k + 1) = §¬§k
X(k) (16)

ఃᇏ, §¬§k
Ⴎ A, B, ¬§k K¬§kބ

֩ҕඔಒק.
,༢ߐഈඍ༢൪ູ၂Ϯ్֥ࡼ ᄵॖၛ০Ⴈ

ѓሙ్ߐ༢ٚمᄝ௴୶ڏંބཌྟइᆔ҂

֩ൔॿࡏ༯֤֞ః໗ࡱ่ྟק. ࢠࣜၘمંٚھ
ູӮඃ, ᄝཌྷܱ໓ངᇏႵ۷֥؟ඌ༥ࢫ.
ླေᆷԛ֥൞, ഈඍ໗ٳྟק༅ࠎႿؓ॥ᇅੰ

֥ሑّঌྙൔࡌഡ, ѩ҂ऎႵ௴ൡྟ, ෮္֤ંࢲ
,ᆷ֝ၩၬ֥ݺ܂ิ࠹ؓభཟ॥ᇅყҩਙ֥ഡޓ
ൌ࠽ႋႨᇏоߌ༢֥໗ྟקഉླᄝऎุ֥॥ᇅੰ

ഡ۳مٚ࠹ԛުਸ਼ྛऎุٳ༅. ҂ݖ, ᄝՎѩໃ࣐ܵ
۳ԛоߌ༢໗֥ק၂Ϯંࢲ, Ⴎభ૫ਆཬ֥ࢫ
,༅ॖၛुԛٳ U(k|k) ഡ࠹෮ջট֥ሱႮ؇ॖЌᆣ

ҐႨෘم 1 ֥॥ᇅ༢ྟି (္Їওоߌ໗ྟק) Ⴅ
ჹ҂ҵႿӈܿٚم. ೂޅᆌؓऎุ༢ྛࣉऎุഡ
.ቔ۽൞ު࿃֥ᇶေࡼ࠹

3 ଆყҩ॥ᇅ֥భཟ॥ᇅყҩࣉڿႿࠎ

ਙ࠹ෘ

ೂభ෮ඍ, భཟყҩ॥ᇅਙ U(k|k) ླᆌؓ
෮ॉ੮༢ऎุ߄. ᆌؓЧ໓෮ॉ੮༢ྙൔ (1),
Чิࢫԛ၂ᇕ֥ࣉڿଆყҩ॥ᇅഡمٚ࠹ቔູ

U(k|k) ֥၂ᇕऎุൌགྷٚم. ׅࣜଆყҩ॥ᇅ൞
၂ᇕႵཋൈთႪ߄॥ᇅٚم, ๙ݖႪ߄Ⴕཋ҄Ӊ֥
༢݅ࠖট౼၂Ա॥ᇅਙ, ಖުࡼఃᇏֻ֥ 1
҄ႨႿൌ࠽॥ᇅ. ๙ݖᄝૄ၂֥҄ݏႪ߄, ଆყ
ҩ॥ᇅٚॖمၛԩᄮലa҂ಒބྟקఃཋᇅ[21].
ଆყҩ॥ᇅ֥ଢѓݦඔ၂Ϯקၬೂ༯:

Jk(N) = XT(k|k)Q(N)X(k|k)+

UT(k|k)R(N)U(k|k) (17)

ఃᇏ, Jk(N) ൞ k ൈख़֥ଢѓݦඔ, ၬႿൔק (8) ֥
U(k|k) = [u(k|k) · · · u(k+N°1|k)]T൞ླಒ֥ק॥
ᇅყҩਙ, X(k|k) = [x(k+1|k) · · · x(k+N |k)]T

൞ყҩሑ݅ࠖ, Q(N) R(N)ބ ൞ಃᇗइᆔ, N ູ
ყҩൈთ.
ഈඍႪ߄໙ี֥࠹ෘگᄖྟᇶေथקႿყҩൈ

თN . थყҩൈთູNࢳ࠺ ֥Ⴊ߄໙ี෮ླ֥ቋཬ
ෘሧჷູ࠹ RJN , ൔ (7) ᇏ෮קၬ֥ݦඔ f(·) ॖؓ
ଢѓݦඔ (17) :ೂ༯߄၂҄ऎุࣉ

f(R(k)) = Nk,  RJNk
∑ R(k) < RJNk+1 (18)

၇ᅶൔ (18), ᄝೂ༯ษંᇏࡼၛ Nk ᆷս॥ᇅ

༢֥ॖႨ࠹ෘሧჷ R(k).
Ֆൔ (18) ֤֥֞ऎุྙൔ֥ f(·) ၩሢջଢ

ѓݦඔ (17) ބ N = Nk ֥Ⴊ߄໙ีॖၛᄝൈख़ k
ႨॖႨ࠹ෘሧჷࢳ. ,໙ี߄थႪࢳູ k ൈख़֥
ყҩሑॖ݂־ࢳೂ༯:

x(k + j|k) = Ajx(k) +
j°1X

l=0

Aj°l°1Bu(k + l|k)

ၬE(Nk)ק = [AT · · · (ANk)T]T , F (Nk)൞Nk

£ Nk ༯࢘इᆔॶ, ః٤ਬཛקၬູ F (Nk)ij =
Ai°jB, j ∑ i. ᄵഈൔ֥ཟਈྙൔॖіൕູ

X(k|k) = E(Nk)x(k) + F (Nk)U(k|k) (19)

ቋႪ֥భཟ॥ᇅყҩਙॖၛ๙ࡼݖൔ (19) ջ
ೆൔ (17) ѩቋཬ߄ Jk(Nk) ֤֞, ఃࢳऎႵೂ༯֥
ሑّঌྙൔ:

U(k|k) = K(Nk)x(k) (20)
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ఃᇏ,

K(Nk) =° (FT(Nk)Q(Nk)F (Nk)+

R(Nk))°1FT(Nk)Q(Nk)E(Nk)

Ⴈೂഈ֥ࣉڿଆყҩ॥ᇅٚྛࣉمಆሧჷ

ყҩ॥ᇅ֥҄ᇧሹູࢲෘم 2.
ෘم 2. ଆყҩ॥ᇅ֥ಆሧჷყҩࣉڿႿࠎ

॥ᇅෘم

҄ᇧ 1. ԮۋఖҐဢ༢ൻԛѩࡼඔऌԮൻᇀ
॥ᇅఖ;
҄ᇧ 2. ෘሧჷ࠹֥ٳႿࠎ R(k), ၇ᅶൔ

(18) थקభཟ॥ᇅყҩਙ֥҄ӉNk, ๙ݖൔ (20)
;ᆭԮᇀᆳྛఖࡼෘభཟ॥ᇅყҩਙѩ࠹
҄ᇧ 3. ॥ᇅ࿊ᄴఖ۷ྍః࠷թఖѩ၇ᅶൔ (9)

࿊ᄴކൡ֥॥ᇅਈѩᆳྛఖႋႨᇀ༢.
ᇿ 6. Чࢫᇏ֥ࣉڿଆყҩ॥ᇅෘمᄝਆ۱

ٚ૫҂ႿԮଆყҩ॥ᇅ. ൮༵, ෘم 2 ᇏ֥
ყҩൈთ൞ൈэ֥ѩथקႿॖႨ࠹ෘሧჷ R(k). ః
Ց, Ԯଆყҩ॥ᇅᆺႨ෮࠹ෘ֥॥ᇅਙᇏ
ֻ֥၂۱, مෘط 2 ಏ০Ⴈਔ෮Ⴕॖି֥భཟ॥ᇅ
ყҩ.

4 ٟᆇෘ২

Чࢫ๙ݖೂ 3 ෮ൕ֥ཬӚ –֚৫ϥ༢ؓ෮
ิԛ֥ಆሧჷყҩ॥ᇅҦބෘྛࣉمဒᆣ. ༢ھ
ॖࡹଆູൔ (1) ᇏ֥ཌྟ༢, ః༢इᆔೂ༯:

A =

0

BBBBB@

0 1 0 0
0 0 °m£ g

M
0

0 0 0 1
0 0 (M + m)£ g

Ml
0

1

CCCCCA

B =

0

BBBBBB@

1
1
M
0

° 1
Ml

1

CCCCCCA

ఃᇏ, ሑэਈ x(k) = [x1(k) x2(k) x3(k) x4(k)] 
x1(k) ູཬӚ໊֥၍, x2(k) ູཬӚ֥؇, x3(k) ູ
֚৫ϥაԼᆰٚཟ֥ࠇ࢘ࡃொ࢘؇, x4(k) ྟېູ
ϥ֥࢘ۆ؇. ۲ਈऎႵཌྷႋ֥ֆ໊, ఃᆴೂ
༯: ཬ౯֥ᇉਈ m = 1, ཬӚ֥ᇉਈM = 10, ྟې
ϥӉ؇ l = 10, ᇗ৯ࡆ؇ g = 9.8.
ູਔဒᆣิԛ֥॥ᇅҦ֥Ⴕིྟ, ॉ੮ਆᇕ

౦ঃ֥бࢠ, ਆᇕ౦ঃႨֻ 3 ԛ֥ଆყิࢫ
ҩ॥ᇅఖ, ၂ᇕႨֻ 2 ԛ֥ಆሧჷყҩ॥ิࢫ

ᇅҦ, ਸ਼၂ᇕᄵ҂Ⴈ. ္ࣼ൞ඪ, భᆀॖ০Ⴈթ
ԥᄝభཟ॥ᇅყҩਙᇏ֥ყҩ॥ᇅਈ, ᆀᄝުط
ॖႨ࠹ෘሧჷྛࣉم॥ᇅ࠹ෘ֥ൈީ, ࠧ R(k) <
R§

u ൈ, ᆺିႨਬ॥ᇅ, ᄝఃൈख़ᄵೂԮଆط
ყҩ॥ᇅ၂ဢႨყҩਙֻ֥ 1 ۱॥ᇅਈ.

 3 ཬӚ –֚৫ϥ༢ൕၩ

Fig. 3 The vehicle and inverted pendulum system

൮༵ࠎྛࣉႿ MATLAB ֥ඔᆴٟᆇ, Ґطࣉ
ႨMATLAB/LabVIEW ཌྷٟކ৳֥ކࢲᆇٚࣉم

ྛဒᆣ.
২ 1. ႿMATLAB֥ඔᆴٟᆇࠎ
,ෘሧჷႨᆜඔіൕ࠹ࡼ ѩഡԩఖ֥ቋն࠹

ෘሧჷ R§ = 100. ഡ॥ᇅ༢ྛࣉ 1ª 7 ҄॥ᇅყ
ҩ෮ླ֥ቋཬ࠹ෘሧჷೂ༯:

[R§
1 R§

2 R§
3 R§

4 R§
5 R§

6 R§
7] = [25 31 40 51 68 84 105]

(21)

οקၬ, R§
u = R§

1, ѩᇿၩ֞R§
6 < R§ < R§

7, ࠧ
ԩఖ֥ቋն࠹ෘሧჷॖྛࣉ 6 ҄॥ᇅყҩਙ֥
.ෘ࠹ ൔ (18) ᇏ֥ݦඔ f(·) ॖοഈൔෛᆭקၬ.
॥ᇅ༢֥ॖႨ࠹ෘሧჷ R(k) ഡູଖ၂ઔࡌ

,ӱݖڏ॓غ ѩऎႵੱۀ֥ۚࢠཬႿ R§
u ൔ) (5))

࣍ࢤࠇ R§ ൔ) (6)). ᄝൌ࠽ᇏ, ෘሧჷ࠹ٳၘ
֥ಖնູࢠߐ్؇ږഒ, ၹՎᄝ༯၂ൈख़॥ᇅ
༢֥ॖႨ࠹ෘሧჷႵੱۀۚࢠಯЌӻᄝჰႵࠇཌྷ

.ඣ࣍ ᄝ R(k) ֥ሇ၍ੱۀइᆔᇏЧ໓္ࡼՎห
ྟॉ੮ᄝଽ.
ᄝഈඍ༢ഡᇂ༯, ॥ᇅ༢ॖႨ࠹ෘሧჷ

R(k) ֥ׅൈࡗဆॖ߄ 4 (a). Ⴎൔ (21) ॖᆩ,
భཟ॥ᇅყҩਙ֥Ӊ؇ Nk ॖႮ࠹ෘሧჷ R(k)
টಒק, ೂ 4 (b) ෮ൕ. ਸ਼ຓ, Ֆ 4 (c) ᇏ ¬§k ֥
ဆुॖ߄ԛ, ॖႨ࠹ෘሧჷࣜӈ߶ഒ҂ቀၛ࠹ෘ
ޅ॥ᇅਈ, ᆃ֤Ԯ॥ᇅٚممᄝᆃᇕ౦ঃ
༯۽ቔ.
 5 (a) ֥༢ཙႋᆦӻЧ໓௹ຬ֥ંࢲ: ᄝ҂

ᄹࡆ࠹ޅෘཨ֥ݻభิ༯, Ⴈૌ֥॥ᇅҦ
֥༢ሑཙႋ۷ॹ֥֞ղ໗ק, ѩࢠഒѯ. 



736 ሱ  ߄ ࿐ Б 45ज

 4 MATLAB ඔᆴٟᆇ֥ R(k), Nk ބ ¬k ෛൈׅ֥ࡗဆ߄౷ཌ

Fig. 4 Typical evolution curves of R(k), Nk and ¬k in MATLAB simulation

 5 MATLAB ඔᆴٟᆇ֥༢ཙႋބ॥ᇅਈ౷ཌ

Fig. 5 The system responses and control signals using MATLAB numerical simulation
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5 (b) ္ཁൕҐႨૌ֥॥ᇅҦ֥ൌ࠽॥ᇅਈ္۷
ູ߁.
২ 2. MATLAB/LabVIEW৳ٟކᆇ

Ч২ಯॉ੮ 3ᇏ֥ཬӚ –֚৫ϥ༢,Ⴈ
MATLAB/LabVIEW টဒᆣૌمᆇ֥ٟٚކ৳

ิԛ֥ಆሧჷყҩ॥ᇅҦބෘ֥مႵིྟ. ༢
ൌགྷ֥ܒࡏ 6. ఃᇏ൳॥ؓའࠧཬӚ –֚৫ϥ༢
ᄝLabVIEWᇏൌགྷ,ط॥ᇅ҆ٳᄵᄝMATLAB
ᇏൌགྷ, ݖᆀ๙ؽ LabVIEW ᇏ֥ MATLAB Ч
.ᆇٟކ৳Ⴈൌགྷט LabVIEW ᇏ֥ཬӚ –֚৫ϥ
༢เࡆਔ၂۱ޓཬ֥ຓ҆ಠၛଆᆇൌ౦ঃ.
ᄵၛ߂ෘሧჷ֥ख़࠹ MATLAB ֥॥ᇅఖӱᄎ
ྛൈູࡗѓሙ. ၹՎ, აࠎࣇႿ MATLAB ֥Ղඔ
ᆴٟᆇཌྷб, ᆃ၂৳ٟކᆇٚσऎႵೂ༯Ⴊׄ: 1)
LabVIEW ᇏൌགྷ֥ཬӚ –֚৫ϥ༢۷ູᆇൌ֥
ଆਔ൳॥ؓའ; 2) ਈ૭ඍ္۷קෘሧჷ֥ऎุ࠹
ູᆇൌ, ၹՎॖ۷Ⴕི֥ဒᆣЧ໓ᇏิԛ֥॥ᇅҦ
ބෘم.

 6 MATLAB ა LabVIEW ܒࢲᆇ༢ٟކ৳

Fig. 6 The diagram of MATLAB and LabVIEW

Co-simulation

॥ᇅఖᆳྛ෮ླေ֥࠹ෘሧჷ๙ݖ MATLAB
ᇗگൌဒѩ݂၂߄, :ೂ༯ݔࢲ

[R§
1 R§

2 R§
3 R§

4 R§
5 R§

6 R§
7] = [23 30 38 49 65 80 100]

ა২ 1 োර, ဢႨਆᇕٚྛࣉمбࢠ, ၂ᇕ
Ⴈૌ֥ಆሧჷყҩҦ, ਸ਼၂ᇕ҂Ⴈ. ༢
ཙႋᆣૼਔಆሧჷყҩ॥ᇅҦॖၛЌᆣ֚৫ϥᄝ

Լᆰٚཟ֥໗ྟק ( 7 (a)), ,҂Ⴈૌ֥Ҧط
ࠧьҐႨဢ֥॥ᇅఖഡ࠹, ္مЌᆣ֚৫ϥ֥
໗ྟק ( 7 (b)).

5 ંࢲ

๙ॖؓݖႨ࠹ෘሧჷ֥ԉٳ০Ⴈ, ᄝ҂ᄹحࡆ
ຓ࠹ෘሧჷေ֥భิ༯ൌགྷਔ࠹ෘ൳ཋ॥ᇅ༢

֥ྟିิശ. ᆃ൞၂ᇕ॥ᇅ࠹ބෘ֥৳ކഡمٚ࠹,
၇ঠႿభཟყҩ॥ᇅਙࡼࣉڿ၂҄ࣉ֥مٚھؓ

֥۷ູႵི֥ഡ࠹, ਸ਼ຓؓоߌ༢໗֥ྟקЌᆣ
္൞ު࿃֥࣮۽ቔᆭ၂.

 7 MATLAB ބ LabVIEW ᆇ֥༢ཙႋٟކ৳

Fig. 7 The system responses using MATLAB and

LabVIEW co-simulation
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