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ABSTRACT

Thisarticledescribeshowoneoptimaldesignmethodisgiventothedesignofmissileautopilots.
Thismethodprofitsfromanexhaustivemethod.Bythismethod,thedesignprocessofamissile
autopilotissimplified,andthedesignefficiencyisimproved.Inthedesignprocessofthismethod,
theperformanceindexesofautopilotaretranslatedintoconstraintconditions,andtheresponsespeed
istranslatedtoanobjectivefunction.Thus,theoptimaldesignofmissileautopilotistranslatedinto
the optimal design of a nonlinear system with multiple constraints. The optimization algorithm
isfoundtobeoutofcontrollerparametercombinationswhichcansatisfyconstrainedconditions.
Firstly,calculationsofthecorrespondingobjectivefunctionvalues.Second,bytheextracttheoptimal
combinationwhichhastheminimalobjectivefunctionvalue.
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1. INTRODUCTION

Autopilotisanimportantpartofmissileguidanceandcontrolsystem,andithasgreatinfluence
tothestabilityandcontrollabilityofmissile(Meng,2003).Theclassicalcontroltheoryisusedfor
thedesignoftraditionalmissileautopilotmostly,andthecontrolparameters,whichcansatisfythe
performanceindexes,areobtainedbyempiricalequationsandcut-and-try.Thesemethodshavehigh
requestsinexperience,andtheoptimizationperiodislong.Manynovelmissileautopilotsbasedon
moderncontroltheoryhavebeenputforwardinrecentyears,suchasrobustcontrolautopilot,neural
networkscontrolautopilot,dynamicinversioncontrolautopilot(Godboleetal.2011;Taloleetal.
2011;SadrandMomeni,2011;TomazicandMatko,2011;Robertetal.2013).Theperformanceshave
beenimprovedbythesenovelcontrolmethods.Butthedeficienciesofthesemethodsaredifficult
todesign,andhavenotbeenadoptedwidely.Inthispaper,thetraditionalmissileautopilothasbeen
studied,andoneoptimizationmethodbasedontime-domainanalysishasbeenputforward,inorder
toimprovetheoptimizationdesignefficiencyofcontrolparameters.

2. PRINCIPLE OF OPTIMAL DESIGN

Thepreconditionsofautopilotoptimizationarethattherisetime,overshoot,transienttimeandsteady
stateerrorshouldsatisfytheperformanceindexes(Wang,2007;Wang,2006;Shen,2007).Therefore,
weshouldascertaintherangesofovershootandsteadystateerrorbyempiricalvaluesfirstly.The
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optimizationobjectiveisminimizingtherisetime.Andthentheoptimizationdesigncouldberegard
assolvetheoptimizationproblemwithmultipleconstraintsandsingletarget.

Supposeovershootisapercentofsteadystatevalue,steadystateerroris±bpercentofsteady
statevalue,transienttimeist1,simulationtimeisT,simulationstepsizeish,andsteadystatevalue
isg.ThenthesketchofsystemresponsewithconstraintconditionscouldbeshownasFigure1.

Constraintshavebeensetineverysimulationnodeofsystemresponsecurve.AsshowninFigure
1,thereisoneconstraintineverysimulationnodefrom0stot1s,andthesimulationvalueshould
lesserthantheconstraintvalue;therearetwoconstraintsineverysimulationnodefromt1stoTs,
andthesimulationvalueshouldbetweentheconstraintvalues.Therefore,thenumberofconstraints
ist1/h+2(T-t1)/h.

Thesimulationtime,whenthesimulationvalueisriseto80percentofsteadystatevaluefirstly,
isdefinedastherisetime.Thisrisetimeistheoptimizationobjective.Thenweshouldfindoutthe
controlparameterswhichhavetheminimumrisetimeandsatisfytheconstraintconditions.Thus,
theoptimaldesignofmissileautopilotistranslatedtotheoptimaldesignofnonlinearsystemwith
multipleconstraints.

3. REALIZATION OF OPTIMAL DESIGN

Therearemanyoptimumdesignmethodsinmoderncontroltheory,suchasLOGreactioncontrol
systemoptimumdesignmethod,H∞ & µ syntheticoptimumdesignmethod.Butthesemethodsare
difficultytocalculateandrealize.Sotheideaofexhaustionmethodinclassicalcontroltheoryhas
beenconsideredinthispaper,andoneoptimizationmethodhasbeenputforwardforthedesignof
missileautopilot.

ThemathematicalsimulationflowdiagramofonemissileattitudeautopilotisshowninFigure
2.Andthisattitudeautopilotistheobjectoffollowingstudy

Where,ϕ
C

isthecontrolsignalofpitchattitudeangle, �ϕ isthepitchattituderate,ϕ isthe
outputsignalofpitchattitudeangle,a

0
ϕ anda

1
ϕ arestaticgainanddynamicgainwhichneedtobe

Figure 1. Sketch of system response and constraints



 

 

5 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/an-optimal-missile-autopilot-design-

model/198432

Related Content

Enterprise Application Integration from the Point of View of Agent Paradigm
M. Yoo (2007). Enterprise Architecture and Integration: Methods, Implementation and

Technologies  (pp. 225-238).

www.irma-international.org/chapter/enterprise-application-integration-point-view/18370

Adoption of Mobile ERP in Educational Environment: Computer Self-Efficacy

and System Security
Mousa Ahmed Albashrawi, Lauren Turnerand Sandhya Balasubramanian (2020).

International Journal of Enterprise Information Systems (pp. 184-200).

www.irma-international.org/article/adoption-of-mobile-erp-in-educational-environment/265130

The Effect of the COVID-19 Pandemic on the Mobile Messaging Application

Among Millennials in Public Universities in Malaysia
Normalini Md Kassim, Wan Normila Mohamadand Nor Hazlina Hashim (2022).

International Journal of Enterprise Information Systems (pp. 1-21).

www.irma-international.org/article/the-effect-of-the-covid-19-pandemic-on-the-mobile-

messaging-application-among-millennials-in-public-universities-in-malaysia/315806

An Empirical Investigation of the Online Commentary Behavior Dynamics

Based on the Marginal Utility Theory
He Jianjia, Chen Lihua, Li Junxiangand Liu Shengmin (2020). International Journal of

Enterprise Information Systems (pp. 92-106).

www.irma-international.org/article/an-empirical-investigation-of-the-online-commentary-behavior-

dynamics-based-on-the-marginal-utility-theory/249721

A Service-Oriented Reference Architecture for E-Government
Marc M. Lankhorstand Guido I.H.M. Bayens (2009). Advances in Government

Enterprise Architecture (pp. 30-55).

www.irma-international.org/chapter/service-oriented-reference-architecture-government/4817

http://www.igi-global.com/article/an-optimal-missile-autopilot-design-model/198432
http://www.igi-global.com/article/an-optimal-missile-autopilot-design-model/198432
http://www.igi-global.com/article/an-optimal-missile-autopilot-design-model/198432
http://www.irma-international.org/chapter/enterprise-application-integration-point-view/18370
http://www.irma-international.org/article/adoption-of-mobile-erp-in-educational-environment/265130
http://www.irma-international.org/article/the-effect-of-the-covid-19-pandemic-on-the-mobile-messaging-application-among-millennials-in-public-universities-in-malaysia/315806
http://www.irma-international.org/article/the-effect-of-the-covid-19-pandemic-on-the-mobile-messaging-application-among-millennials-in-public-universities-in-malaysia/315806
http://www.irma-international.org/article/an-empirical-investigation-of-the-online-commentary-behavior-dynamics-based-on-the-marginal-utility-theory/249721
http://www.irma-international.org/article/an-empirical-investigation-of-the-online-commentary-behavior-dynamics-based-on-the-marginal-utility-theory/249721
http://www.irma-international.org/chapter/service-oriented-reference-architecture-government/4817

