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The design of a homing, tail-controlled missile autopilot using a loop shaping approach is considered. The
designer input in this control methodology consists of a set of shaping � lters that in turn lead to an H1 optimal
controller that guarantees stability. Several con� gurations are contrasted. These differ as to the location in the
loop of the shaping � lters and optimal controller. It is shown that the choice of con� guration has implications as
to the form of the shaping � lters. It is also demonstrated how intuition from classical three-loop controllers can be
used to select these � lters. Finally, for one con� guration, analytic formulas for a set of generic shaping � lters are
derived that lead to good tracking performance and robustness margins.

I. Introduction

T HE classical approach to autopilot design for homing inter-
ceptor missiles has remained basically unchanged since the

Sparrow designs of the early 1950s.1,2 Three single-input/single-
output controllersare designed to control roll angle, as well as pitch
and yaw angles. The goal of the roll loop is to prevent the rolling of
the missile to minimize coupling of guidance signals between yaw
and pitch. The pitch and yaw angle controllers keep the airframe
dynamically stable throughoutits � ight envelope.This envelope in-
cludes a large range of operating conditions, which vary according
to altitude, angles of attack, and Mach number.

The three-loop approach to autopilot design works adequately
whenever the interaction between channels (primarily the yaw and
pitch loops) is minimal. As the side-slip and attack angles increase,
however, the coupling between the channels increases, resulting
in poor performance. For this reason, a multivariable approach to
autopilot design is desirable.

In addition to minimizing the dynamic coupling between the dif-
ferent loops, a further requirementof a controller is that it covers as
much of the � ight envelope as possible. The standard approach to
designing controllersfor the differentoperating regions is to sched-
ule the gains of the three-loop topology controller. This is a fairly
straightforwardprocedure. The suitability of the controller for gain
scheduling is an important design requirement. For this reason, ro-
bust controllers such as those obtained via 1 optimization tech-
niques prove useful. Because a robust controller ensures satisfac-
tory performance around an operating point, fewer linear designs
are needed.

In this paper we consider the design of a missile autopilot using
the 1 loop shapingprocedure(LSP) introducedby McFarlaneand
Glover.3 Sinceits introduction,theLSP has receivedconsiderableat-
tention as a means of designingrobustmultivariablecontrollers.4 ¡ 10

In particular, Hyde and Glover conducted a comprehensive design
study for the longitudinal controller of a vertical/short takeoff and
landing (VSTOL) aircraft model leading to successful � ight tests
on a research Harrier.11
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Severalof the designrequirementsof the VSTOL aircraftare sim-
ilar to thatof themissileautopilot.The VSTOL aircraftis highlycou-
pled, a coupling arising from pitch moments generated by changes
in the thrust nozzle setting.Moreover, the operationof a VSTOL air-
craft ranges over differing regimes, ranging from the hover mode,
where the plane is unstable, to forward � ight. As in the missile
autopilot, this imposes a gain scheduling requirement. These sim-
ilarities suggest that it may be possible to use the LSP to design
practical controllers for the missile autopilot.

The designer input in the LSP comes through the choice of shap-
ing � lters on the plant. In this paper we demonstrate how different
possible controller con� gurations lead to different choices in the
form of the weighting � lters. We contrast different controller con-
� gurations and provide analytic formulas for the shaping � lter in
one particularcon� guration.Related work on the use of the LSP for
missile autopilots is found in the literature.8,12,13

The rest of this paper is organizedas follows.We beginby provid-
ing some detailsof theLSP. We then introducethe classicalautopilot
topology and outline the requirements on the controller.The differ-
ent possible autopilot topologies are contrasted, and controllers are
designed for each of the possible topologies. Finally, we offer an-
alytic expressions for a particular shaping � lter arrangement that
offers good performance and robustness.

One aspectof the designprocessthat will notbe consideredhere is
the schedulingof the controllers.The gain schedulingof controllers
obtainedusing the LSP has been consideredin detail for the VSTOL
aircraft.11 Note that this discussion is not speci� c to the particular
aircraftbut to the design procedureand, hence, applies to the missile
autopilot.

II. LSP
Although 1 control theory provides a powerful means of de-

signing robust linear controllers,it is the particulartransfer function
whose 1 norm is minimized that has the greatest impact on the
suitability of the resulting controller.

Early choices for the optimization problem included weighted-
sensitivity14 and mixed-sensitivity15 minimization. In both of these
cases,weights are used to penalizeclosed-loopperformanceand ro-
bustnessobjectives.Whereas theseweights are used to in� uence the
closed-looptransferfunctionby means of the optimizationproblem,
theweights themselvesdonotappearin the � nal closed-loopsystem.

McFarlane and Glover introducedan alternativeapproach to 1
controller design.3 This scheme is based on a robust stabilization
problem(RSP) in which theclosed-loopsystem’s toleranceto uncer-
tainty is maximized. This robustnessmargin is measured in terms of
the size of the allowable perturbationsto a normalized left-coprime
factorizationof the nominalplant. In particular,supposethat a linear
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