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Abstract This paper considers the guidance and control problem of a flight vehicle with side-

window detection. In order to guarantee the target remaining in the seeker’s sight of view, the line

of sight and the attitude of the flight vehicle should be under some constraints caused by the side-

window, which leads to coupling between the guidance and the attitude dynamics model. To deal

with the side-window constraints and the coupling, a novel Integrated Guidance and Control (IGC)

design approach is proposed. Firstly, the relative motion equations are derived in the body-Line of

Sight (LOS) coordinate system. And the guidance and control problem of the flight vehicle is for-

mulated into an IGC problem with state constraints. Then, based on the singular perturbation

method, the IGC problem is decomposed into the control design of the quasi-steady-state subsys-

tem and the boundary-layer subsystem which can be designed separately. Finally, the receding hori-

zon control is applied to the control design for the two subsystems. Simulation results show the

effectiveness of the proposed approach.
� 2018 Production and hosting by Elsevier Ltd. on behalf of Chinese Society of Aeronautics and

Astronautics. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

In order to satisfy the requirements of intercepting high-speed

maneuvering targets, flight vehicles are generally flying at a
high-speed and equipped with IR imaging seeker.1 However,
as the flight vehicle flying at a high-speed, the severe

aerodynamic heating on the surface of the IR seeker deterio-
rates its detection performance. Therefore, the IR seeker has
to be mounted to the side of flight vehicle’s head, namely using

the side-window detection technique. As the side-window con-
strains the Line-of-Sight (LOS) and the attitude of the flight
vehicle, the guidance problem under constraints is necessary

to be studied.
The guidance problem under constraints is essentially a

control problem for a class of nonlinear system with state or

input constraints. On the research of state constraints, the ter-
minal constraints are mainly considered, which is the state con-
straints at the end of the terminal guidance. Some methods are
proposed based on the optimal control,2–4 sliding mode con-

trol,5–9 polynomial guidance,10,11 and switched-gain Guid-
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ance.12 However, rare research is available for state constraints
during the whole terminal guidance process. Considering the

impact angle constraint for antiship missile systems, Lee et al.2-
developed a guidance law to weigh the guidance performance
and the control energy costs. Considering the terminal impact

angle constraints, Ryoo et al.3 analyzed the intercept situations
under different impact angles and developed a guidance law
based on the optimal control to minimize the miss distance.

However, the target maneuver and the model uncertainty are
neglected in the research. Lee et al.4 presented an optimal lin-
ear time-varying guidance laws for controlling impact angles to
meet the impact angle constraints. The guidance problem was

formulated into an inverse optimal problem and solved, and
the relationship between the guidance coefficients and the
guidance performance was analyzed. Li et al. 5 presented a

guidance law to intercept non-maneuvering targets at a desired
impact angle by combining the SMC method with the adaptive
neuro-fuzzy inference system, which can enhance the robust-

ness and reduce the chattering of the system. Considering the
interception of maneuvering targets, Ref.6 developed a guid-
ance law for multiple constraints based on Sliding Mode Con-
trol (SMC). By separating the switching surfaces for the

impact angle constraint and the homing constraint, the con-
straints were considered separately and the two surfaces were
associated by introducing an appropriate virtual controller.

Wu and Yang7 developed an integrated guidance and control
law for missile with terminal impact angle constraint based
on variable structure control approach. The relationship

between terminal impact angle and desired LOS is described
and the integrated guidance and control law is designed based
on the sliding mode control approach, whose design parame-

ters can be attained directly with a linear matrix inequality.

Considering the desired terminal impact angle and hit-to-kill
interception, Wang and Wang8 proposed a partial integrated

guidance and control law based on SMC, which can get a min-
imum miss distance. Kumar9 proposed a finite time convergent
guidance law based on nonsingular terminal sliding mode con-

trol theory, which can intercept maneuvering targets at desired
impact angles. Simulations with a realistic interceptor model
show that the guidance law can adapt to aerodynamic varia-

tions and different initial engagement geometries and impact
angles. Fu et al.13–15 proposed a Sliding Mode Control method
with Unidirectional Auxiliary Surfaces (UAS-SMC) for a class
of nonlinear systems with state constraints. The state con-

straints are transformed into the unidirectional auxiliary sur-
faces and satisfied by designing the control law to ensure the
states trajectory moving inside the unidirectional auxiliary sur-

faces. However, this method cannot be used for the time-
varying state constraints or the mixture of state and input
constraints.

As for input constraints, the constraints caused by the dis-
crete input of reaction jet are considered, some methods are
proposed based on the model predictive control16,17 and vir-
tual control.18,19 Actually, the virtual control is complete con-

trol allocation by designing an appropriate distribution law,
while the input constraint problem is ignored and avoided in
the control design.

In brief, although there are some researches on the state
and input constraints, the time-varying state constraints or
the mixture of state and input constraints are not considered.

In this paper, side-window detection would cause the state
constraints in the whole terminal guidance course, while the
reaction jet would cause the input constraints. Furthermore,

to avoid constraints time-varying, the guidance and control

Nomenclature

a angle of attack

b angle of sideslip
l half cone angle of the flight vehicle’s head
qe elevation angle of Line-of-Sight (LOS)
qb azimuth angle of LOS

xs LOS rate
qbe elevation angle of body-LOS
qbb azimuth angle of body-LOS

qbemax; q
b
emin upper and lower bounds of elevation angle of
body-LOS

qbbmax; q
b
bmin upper and lower bounds of azimuth angle of

body-LOS
xb body-LOS rate, which is the rotation rate of the

body-LOS coordinate system relative to the iner-
tial coordinate system

xbx;xby;xbz components of the body-LOS rate in body-
LOS coordinate system

xbs rotation rate of the body-LOS coordinate system

relative to the body-axis coordinate system
cb roll angle of LOS
x attitude rate of the interceptor

xx;xy;xz attitude rate components of the interceptor in
body-axis coordinate system

xb
x;x

b
y ;x

b
z attitude rate components of the interceptor in

body-LOS coordinate system

r relative distance between the target and the flight

vehicle
v relative velocity between the target and the flight

vehicle
a relative acceleration between the target and the

flight vehicle
vm velocity of the flight vehicle
vt velocity of the target

am acceleration of the flight vehicle
at acceleration of the target
m mass of the flight vehicle

Fy;Fz thrust components of the rail reaction jet in body-
axis coordinate system

Mx;My;Mz moment components of the attitude reaction
jet in body-axis coordinate system

qz rudder angle of the pitch channel of the flight vehi-
cle

zs quasi-stable state

us control law of the quasi-stable state subsystem
uf control law of the boundary layer subsystem
j time scale parameter

Ts time step of the quasi-stable state subsystem
Tf time step of the boundary layer subsystem
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