
DOI: 10.4018/IJEIS.2018010106

International Journal of Enterprise Information Systems
Volume 14 • Issue 1 • January-March 2018


Copyright©2018,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



104

An Optimal Missile Autopilot Design Model
Yong-chao Chen, Electronic Engineering Department, Shijiazhuang Mechanical Engineering College, Shijiazhuang, China

Xin-bao Gao, Electronic Engineering Department, Shijiazhuang Mechanical Engineering College, Shijiazhuang, China

Min Gao, Electronic Engineering Department, Shijiazhuang Mechanical Engineering College, Shijiazhuang, China

Dan Fang, Electronic Engineering Department, Shijiazhuang Mechanical Engineering College, Shijiazhuang, China

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
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