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Generalized Vector Explicit Guidance

Ernest J. Ohlmeyer∗ and Craig A. Phillips†

Naval Surface Warfare Center, Dahlgren, Virginia 22448

This paper proposes and evaluates a new guidance law termed generalized vector explicit guidance (GENEX).
This guidance law can simultaneously achieve design specifications on miss distance and final missile–target relative
orientation. The latter may be used to enhance the performance of warheads the effectiveness of which is influenced
by the terminal encounter geometry. The GENEX guidance law is parameterized in terms of a design coefficient
that determines the degree of curvature in the trajectory. Feasibility of GENEX guidance was demonstrated by
its application to two weapon scenarios. The first was an air-to-air missile terminal homing scenario. Assuming
ideal sensor information and a single-lag missile response model, the guidance was shown to perform well against
an air target performing evasive maneuvers. A specified zero-aspect terminal encounter angle was achieved while
simultaneously minimizing miss distance. The second application involved an air-to-surface munition released
from an unmanned air vehicle. The GENEX guidance law was able to produce trajectories satisfying a terminal
impact angle constraint. In addition, an engagement region of sufficient size was shown to be achievable using
guidance gains scheduled with target location and weapon release altitude.

I. Introduction

T HE increasing severity of airborne threats against U.S. Navy
ships has placed new and challenging demands on defensive

missile systems. Threat missiles and aircraft can perform high-
speed, rapid maneuvers over widely varying flight regimes, thereby
taxing the response of interceptor guidance and control systems.
To cope, interceptor missiles must have increased maneuverability
and faster time constants. In addition, the payloads carried by these
evolving threats are being increasingly hardened. As a result, inter-
ceptor warheads must be placed accurately on or very near the target
body for assured destruction.

In addition, delivery of precision-guided munitions against sur-
face targets is complicated by the need to maximize the effectiveness
of the warhead and the survivability of the launch vehicle. The for-
mer requirement places constraints on the final flight path angles
at intercept to ensure warhead effectiveness. The latter requirement
drives the selection of the launch vehicle cruise altitude. The launch
altitude, the launch vehicle sensor characteristics, and the maneu-
verability limits, in turn, place constraints on the munition trajectory
design. Improved guidance is required to shape the trajectory effec-
tively to satisfy all these operational requirements.

The effectiveness of many warhead systems is a strong function
of the miss distance and the relative approach angle between target
and missile. For example, in an air-to-air scenario, a fragmentation
warhead initiated by a fuzing mechanism is less sensitive to fuze
timing errors when the longitudinal axis of the warhead is roughly
parallel to the target body. This is because the available window
of opportunity for the fragments to intersect the target is increased
during a head-on encounter. Alternatively, many surface targets are
more vulnerable from a topside aspect, motivating a desire to attack
them from a near-vertical orientation to maximize terminal lethality.

To optimize the terminal engagement geometry and maximize
warhead effectiveness, guidance laws can be designed that reduce
the miss distance to a small value while simultaneously achieving a
specified final orientation relative to the target. An example of such
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a law is explicit guidance (sometimes called E-guidance), which
attempts to maneuver a weapon from its current position to a desired
final position while controlling the orientation of the final velocity
vector. The original version of explicit guidance is due to G. Cherry1

and is further explored in Refs. 2 and 3. Other guidance methods
that attempt to control both miss distance and terminal geometry
have been proposed in Refs. 4–12.

It is possible to derive a generalized form of explicit guidance
(see Ref. 10) in which the cost function to be minimized is itself
specified in terms of a user-defined parameter. This parameter, along
with the initial and final flight-path angles, becomes a design pa-
rameter that the user may adjust to achieve particular performance
objectives. The generalized form of explicit guidance is obtained by
using a new cost function that involves the integral of control en-
ergy divided by time-to-go to the nth power. This cost function was
originally proposed by F. Reifler in an unpublished memorandum
(“Primer of Optimal Control,” Aug. 31, 1981). He derived a gener-
alized form of proportional navigation using the new cost function.
This guidance law drove the miss distance to zero but with no spec-
ification on final geometry. In Ref. 10 and the current paper, the
GENEX law is derived using this same cost function, but with an
additional constraint on final velocity orientation. This extends the
previous work to allow explicit control of terminal geometry and is
the main contribution of this paper.

The paper is organized as follows. In the next section, the linear
optimal control problem is posed and solved in a general form. This
is followed by its application to the familiar problem of proportional
guidance. Then the new generalized form of explicit guidance con-
taining a constraint on the terminal velocity vector is developed.
A three-dimensional vector form of the guidance law is derived,
and then its application to guidance in a single plane is used to illus-
trate the concept. This is followed by two application examples in
which the guidance law performance is evaluated, first, for a missile
versus air target scenario and, second, for an air-to-surface munition
scenario. A brief summary of the paper is then presented.

II. Linear Optimal Control Problem
Define a set of linear state equations and boundary conditions as

Ẋ = AX + bu X(t0) = X0 X(t f ) = X f = 0 (1)

where X is the state, u is the control, and b may be time-varying.
The system of Eq. (1) is assumed to be fully controllable, with the
control u unbounded. Select a cost function of the form

J =
∫ T0

0

u2

2T n
dT =

∫ T0

0

L(u, T ) dT (2)
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where T = t f − t is the time to go and n is an integer ≥0 . Equa-
tion (2) is a generalization of the standard integral of control energy
cost in which the inclusion of T n in the denominator allows greater
weight to be placed on the control usage as T → 0. The effect be-
comes stronger as n becomes more positive. Equation (2) thus com-
prises a family of cost functions parameterized by the index n . This
is the sense in which explicit guidance is said to be generalized—by
making the cost function dependant on the design parameter n.

The Hamiltonian is defined by the scalar function

H = L + λf (3)

where f = AX + bu and λ= [
λ1 λ2 . . . λn

]
is a row vector.

The costate equations are

λ̇ = −∂ H

∂X
(4)

The minimum principle of Pontryagin states that the control u is
optimal when the Hamiltonian is minimized (see Ref. 13 for details).
Thus, to find the optimal control u∗, set

∂ H

∂u
= 0 (5)

The procedure is then to combine the state and costate equations
to get 2n equations with 2n boundary conditions from which one
can solve for X(t), λ(t), and u∗.

Applying the minimum principle to the system of Eqs. (1) and
(2) gives

L = u2

2T n
(6)

H = L + λf = u2

2T n
+ λ(AX + bu) (7)

dλ

dT
= −λ̇ = ∂ H

∂X
= λA (8)

∂ H

∂u
= u

T n
+ λb = 0 (9)

and

u∗ = −λbT n (10)

Now define a fundamental matrix M(T ) that satisfies

dM

dT
= M A M(T = 0) = I (11)

Equations (8) and (11) imply that

λ = cM (12)

where c is a constant row vector. Then substitute Eq. (12) into (10)
to obtain

u∗ = −cMbT n (13)

The state equation may be rewritten as

dX
dT

= −AX − bu (14)

Now consider the equation

d(MX)

dT
= dM

dT
X + M

dX
dT

(15)

Substituting Eqs. (11) and (14) into (15) gives

d(MX)

dT
= M AX + M(−AX − bu) = −Mbu (16)

In Eq. (13), because c is a row vector and b is a column vector,
we have

cMb = (Mb)T cT = scalar (17)

Thus

u∗ = −(Mb)T cT T n (18)

Now substitute Eq. (18) into (16) and integrate:

d(MX)

dT
= (Mb)(Mb)T cT T n (19)

∫ T

0

d(MX) =
[∫ T

0

(Mb)(Mb)T T n dT

]
cT (20)

because c is a constant vector.
Define the function

Q(T ) =
∫ T

0

(Mb)(Mb)T T n dT (21)

Then Eq. (20) becomes∫ T

0

d(MX) = Q(T )cT (22)

or, because X = 0 at T = 0,

MX(T ) = Q(T )cT (23)

Solving for cT gives

cT = Q−1(T )M(T )X(T ) = constant (24)

and substituting Eq. (24) into (18) yields

u∗ = −(Mb)T Q−1 MXT n (25)

III. Results Applied to Proportional Navigation
To illustrate the application of these results, the case of propor-

tional navigation guidance is considered. Let the lateral separation
between a missile and its final point be

y = y f − yM (26)

and define the zero effort miss (ZEM) as

z = y f − yM − ẏM T (27)

Differentiating Eq. (27) gives

ż = −ẏM − ÿM T − ẏM Ṫ = −ÿM T (28)

because Ṫ = −1. Let the control be missile acceleration and the state
be the ZEM. Then the state equation is

Ẋ = −uT, X (0) = X0, X f = 0 (29)

This is of the form Ẋ = AX + bu with A = 0 and b = −T . From
the definition of the fundamental matrix in Eq. (11), M = I . So

Q =
∫ T

0

T n + 2 dT = T n + 3

n + 3
(30)

Substituting Eq. (30) into (25) gives

u∗ = T [(n + 3)/T n + 3]XT n = [(n + 3)/T 2]X (31)

This is the proportional navigation acceleration command where
X = ZEM and the guidance gain is � = n + 3. A derivation of pro-
portional navigation corresponding to Eq. (31) with n = 0 was given
in Ref. 13, based on a specific linear–quadratic optimization.
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IV. Generalized Vector Explicit Guidance
We now extend the previous results to include a specification on

the final velocity vector. Let z be the zero effort miss with respect to
a specified final position, and let v be the difference between current
velocity and a desired final velocity. Define the states as

X1 = z = y f − yM − ẏM T (32a)

X2 = v = ẏ f − ẏM (32b)

where

ż = −uT (33a)

v̇ = −u (33b)

subject to the terminal conditions z = 0 and v = 0 at T = 0.
The state equations may be written[

ż

v̇

]
=

[
0 0

0 0

][
z

v

]
+

[−T

−1

]
u (34)

or

Ẋ = AX + bu, A = 0, b =
[−T

−1

]
(35)

Since A = 0, we again have M = I , which gives

Q(T ) =
∫ T

0

bbT T n dT (36)

Using

bbT =
[

T 2 T

T 1

]
(37)

we obtain

Q =
∫ T

0

[
T n + 2 T n + 1

T n + 1 T n

]
dT =

⎡⎢⎢⎣
T n + 3

n + 3

T n + 2

n + 2

T n + 2

n + 2

T n + 1

n + 1

⎤⎥⎥⎦ (38)

The inverse of Q may be obtained using

Q =
[

a b

c d

]
, Q−1 = 1

D

[
d −b

−c a

]
, D = ad − bc

(39)
where

D =
(

T n + 3

n + 3

)(
T n + 1

n + 1

)
−

(
T n + 2

n + 2

)2

= T 2n + 4

(n + 1)(n + 2)2(n + 3)

(40)
Thus

Q−1 = (n + 1)(n + 2)2(n + 3)

T 2n + 4

⎡⎢⎢⎣
T n + 1

n + 1
− T n + 2

n + 2

− T n + 2

n + 2

T n + 3

n + 3

⎤⎥⎥⎦ (41)

and

Q−1T n =[
(n + 2)2(n + 3)T −3 −(n + 1)(n + 2)(n + 3)T −2

−(n + 1)(n + 2)(n + 3)T −2 (n + 1)(n + 2)2T −1

]
(42)

The optimum control is given by

u∗ = −(Mb)T Q−1 MXT n = [
T 1

]
Q−1T nX (43)

Let [
T 1

]
Q−1T n = [

C1 C2

]
(44)

Then

u∗ = [
C1 C2

] [
z

v

]
= C1z + C2v (45)

where

C1 = (n + 2)2(n + 3)T −2 − (n + 1)(n + 2)(n + 3)T −2 (46a)

C2 = −(n + 1)(n + 2)(n + 3)T −1 + (n + 1)(n + 2)2T −1 (46b)

Simplifying the above gives

C1 = (n + 2)(n + 3)/T 2 (47a)

C2 = −(n + 1)(n + 2)/T (47b)

Now define new gains:

K1 = (n + 2)(n + 3) (48a)

K2 = −(n + 1)(n + 2) (48b)

Then, combining Eqs. (45), (47), and (48) gives for the optimal
control

u∗ = 1/T 2
[
K1(y f − yM − ẏM T ) + K2(ẏ f − ẏM )T

]
(49)

For the case n = 0, the guidance gains become K1 = 6, K2 = −2.
The choice of n may be determined by parameter optimization

studies that specify additional performance objectives and con-
straints on the missile. In general, n may be used to modify the
curvature of the trajectory, while enforcing a specified final position
and velocity orientation.

A physical interpretation of the optimal control in Eq. (49) is as
follows: The control consists of two terms, the first a proportional-
navigation–like term proportional to the zero effort miss, and the
second term proportional to the difference between current and de-
sired final velocity. The first term drives the collision course heading
error to zero, and the second term enforces a specification on the
final velocity vector orientation.

In implementing the GENEX law, it is important to note that the
acceleration command u is continually updated during guidance,
based on improved estimates of predicted intercept point, missile
states, ZEM, and time-to-go.

V. Vector Form of Explicit Guidance
Assuming Eq. (49) has a similar form in the x and z coordinates,

a vector form of the guidance law may be written as

u = 1/T 2[K1(R f − RM − VM T ) + K2(V f − VM )T ] (50)

Now let

R f − RM = Rr̂ , VM = V v̂, V f = V v̂ f , T = R/V
(51)

where R is range to go, V is average remaining missile speed, and
r̂ , v̂, and v̂ f are unit vectors along R, VM , and V f , respectively.
Because the missile is guided to a predicted intercept point, V also
represents the average closing speed to that point. In some appli-
cations, a special algorithm is employed to estimate the average
remaining speed. However, in practice, it often suffices to replace
V with the current missile speed VM . This approximation can work
well because the estimate of speed is continually updated throughout
the flight.

Substituting Eq. (51) into (50) gives

u = 1/T 2[K1(Rr̂ − V T v̂) + K2V T (v̂ f − v̂)] (52)
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Fig. 1 Geometry for planar guidance example.

Because V T = R, we also have

u = V 2/R[K1(r̂ − v̂) + K2(v̂ f − v̂)] (53)

For a vehicle with no longitudinal control capability, not all of
the above is controllable. It may be shown that the component of u
normal to the velocity vector in Eq. (53) is given by

u⊥ = V 2/R[K1(r̂ − v̂ cos δ) + K2(v̂ f − v̂ cos μ)] (54)

where the heading error δ and the velocity error μ are defined by

cos δ = r̂ · v̂, cos μ = v̂ f · v̂ (55)

VI. Illustration of Guidance Law in a Single Plane
One may examine the above for the case of guidance in a single

plane. Consider the diagrams in Fig. 1.
Let û denote a unit vector normal to v̂ in the direction of the

normal acceleration u. Referring to the lower sketch in Fig. 1, we
may write each of the unit vectors r̂ and v̂ f as the vector sum of a
projection along v̂ and a component normal to v̂:

r̂ = v̂ cos δ − û sin δ, v̂ f = v̂ cos μ − û sin μ (56)

where μ = γ −γ f . If the above are substituted into (54) there results

u = V 2/R[−K1 sin δ − K2 sin (γ − γ f )]û (57)

Thus, the guidance law consists of a term proportional to the
heading error (δ) and a term proportional to the difference between
current and desired final flight path angle (μ).

VII. Example: Terminal Guidance
vs Maneuvering Target

To illustrate the application of GENEX guidance, results were
generated for a missile–target engagement scenario under the as-
sumption of perfect information about the target and missile states.
For this scenario, the target was performing an evasive maneuver,
and the missile had a first-order lag in its response to acceleration
commands. The conditions defining the engagement are provided
in Table 1.

In the engagement, the target and missile are closing, with an
initial separation of 5000 m. The missile is launched 500 m above
the target with an initial azimuth heading angle of −10 deg. The
target has an initial horizontal heading angle of +18.4 deg (i.e., in a
direction opposite to the missile). In addition, the target pulls a 3-g
maneuver starting at time zero, again in a direction opposite to the
initial missile heading.

The missile and target trajectories in the vertical and horizontal
planes are shown in Fig. 2. The missile pulls down from above the
target and executes a horizontal maneuver to intercept the target.
Besides reducing the miss distance to a small value, the missile is
required to arrive at the intercept with a zero degree relative crossing

Table 1 Assumed conditions for engagement scenario

Parameter Assumed value

Initial horizontal separation, Ro 5000 m
Initial vertical separation, hM − hT 500 m
Missile speed, VM 600 m/s
Target speed, VT 316 m/s
Time of flight, T0 6.2 s
Maximum missile acceleration, Amax 50 g
Target acceleration, AT 3 g
Missile initial heading angle, ψM −10 deg
Target initial heading angle, ψT 18.4 deg
Missile time constant, τ 0.1 s
GENEX guidance design parameter, n 1

Specified terminal crossing angle, cos−1(−x̂M · x̂T ) 0 deg (head on)

Fig. 2 Missile and target trajectories.

Fig. 3 Three-dimensional view of engagement.

angle between the missile and target velocity vectors. The results
of Fig. 2 show that both objectives are accomplished. A final miss
distance of 0.04 m is achieved while the crossing angle is 0.18 deg.
To achieve this aspect in a nose on encounter, the missile must
maneuver to lead the target, and then reverse its path to turn back
into the target. The GENEX design parameter used for this example
was n = 1.

Figure 3 shows the engagement in a 3-dimensional view. The
curving path of the missile as it descends and bends around to
achieve a zero aspect is clearly illustrated. In Fig. 4, the histories
of the commanded and achieved accelerations of the missile and
the horizontal and vertical flight path angles are illustrated. The
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Fig. 4 Acceleration and flight-path angle histories.

Fig. 5 Zero-effort miss and crossing angle histories.

horizontal component of missile acceleration initially saturates, but
later recovers in time to close out the miss distance and relative
heading error. Figure 5 shows the time histories of the zero-effort
miss and the relative crossing angle. The ZEM is computed based
on target and missile velocities, but not including the effects of ac-
celeration. Near the end of the engagement, both the ZEM and the
crossing angle approach the desired value of zero.

The effect of varying the GENEX design parameter is illustrated
in Figs. 6 through 8 for values of n = 0, 1, and 2. These figures
clearly illustrate how the value of n influences the curvature of
the trajectory. As n is increased, the missile’s trajectory exhibits
more aggressive curvature in converging to the final crossing angle.
Note, for example, in Fig. 8 that for n = 0, the missile does not
achieve the desired 0-deg crossing angle, whereas for n = 1, 2 it does.
However, higher values of n come at the expense of higher called-
for accelerations and allow the possibility of saturation, which may
prevent intercepting the target or achieving the desired terminal
conditions.

As in any homing problem, the ability to achieve specified cross-
ing angles at intercept together with a small miss will obviously
depend on the available homing time, the relative acceleration ad-
vantage of the missile with respect to the target, missile response
lag, and guidance gain. For some scenarios these conditions may not
allow certain final crossing angles and/or small miss to be achieved.
In addition, the effect of sensor errors and noise, and imprecise esti-
mation of target states (particularly target acceleration), will reduce

Fig. 6 Three-dimensional view of engagement: effect of design
parameter n.

Fig. 7 Missile and target trajectories: effect of design parameter n.

Fig. 8 Acceleration and crossing angle histories: effect of design
parameter n.

terminal homing performance, and must be examined in detail using
statistical Monte Carlo analysis with a full suite of system errors.

VIII. Example: Guidance for a Weaponized
UAV Munition

The GENEX guidance algorithm was used to investigate trajec-
tory and guidance design for a small, gliding, inertially-navigated,
air-to-surface munition that is released from a weaponized
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unmanned aerial vehicle (UAV). The UAV flies at a subsonic speed
and releases the munition in level flight with a negligible downward
ejection velocity. The UAV contains a sensor that acquires the target
and determines its position based on the UAV navigation solution
and the measured range and line-of-sight angle to the target. The
estimated target location is used as the aimpoint for the munition.
Release of the munition may be delayed based on the feasible target
engagement region (relative to the release point) and other mission
objectives. Prior to release, the navigation solution and the aimpoint
are transferred to the munition’s guidance, navigation, and control
(GNC) unit. The munition does not contain a seeker and the aim-
point is not updated during the flight. A typical mission is shown in
Fig. 9.

The munition’s airframe is shown in Fig. 10. The rear section is
the GNC unit with active tail fins for control, and the midsection
consists of a blast fragmentation warhead. The forward section con-
tains a heavy penetrator nose with four fixed canards molded into a
lightweight nose cap. Because the total lifting surface area is small,
the maneuverability of the munition is limited. At a speed of 800 ft/s,
the maximum trimmed angle of attack is 21 deg, corresponding to a
maximum normal force coefficient, CN , of 3.5. Assuming a weight
of 75 lb and a body diameter of 5 in., the munition’s maximum ma-
neuverability is about 5 g. The destabilizing influence of the fixed
canards allows the airframe to achieve a 0.5-s time constant with
only a few degrees of fin deflection.

The desire to maximize the effectiveness of the warhead and the
survivability of the UAV drives the selection of its cruise altitude.
This, in turn, places constraints on the munition trajectory design.
Ensuring warhead effectiveness requires, in addition to a small miss,
that the final flight path angle at impact be steeper than 85 deg. To

Fig. 9 Weaponized UAV mission.

Fig. 10 Munition Airframe.

increase survivability of the UAV, it is desired to keep its altitude
as low as possible but above a 1000-ft minimum limit to provide a
clear line of sight to the target over various terrains. Additionally, it
is necessary to achieve the final vertical flight-path angle within the
acquisition range of the UAV sensor. With a 3-n mile acquisition
range, and release altitudes less than 5000 ft, it is difficult to achieve
the desired terminal angle because of the limited maneuverability.

The GENEX guidance law was used to design munition trajec-
tories satisfying the miss distance and terminal angle constraints.
Figure 11 shows results for a 5000-ft altitude release against a 3-n
mile downrange aimpoint. Three trajectories are shown with three
different values of the design parameter n. For this release condi-
tion, the desired final flight-path angle could only be achieved with
values of n = 1 and 2.

Figure 12 shows trajectories to an aimpoint at 3 n miles downrange
for a 3000-ft release altitude. As before, values of n greater than or
equal to one were necessary to achieve the required final flight path
angle. Regardless of the value of n, the desired angle could not be
achieved for release altitudes below 3000 ft. Terminal conditions
for release altitudes of 5000, 4000, and 3000 ft are given in Table 2.

The effect of the design parameter on acceleration limiting was
examined for a 3000-ft release scenario. The acceleration command
was limited to a value corresponding to the maximum angle of
attack. The n = 0 guidance had lower acceleration commands early
in the flight and the trajectory took a more direct path toward the
aimpoint. The n = 1 and 2 trajectories were acceleration-command-
limited initially with the n = 2 trajectory, riding the limit for a longer
time. Near the end of the flight, all three guidance laws saturated
as the time-to-go approached zero. The n = 0 trajectory failed to
achieve the desired final flight path angle.

Fig. 11 5000-ft release.
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Table 2 Terminal conditions for three release altitudes

5000-ft release 4000-ft release 3000-ft release

Design parameter n 0 1 2 0 1 2 0 1 2

Flight time, s 28.3 34.8 41.6 28.9 37.0 46.3 28.5 37.9 50.3
Final speed, ft/s 678. 612. 631. 649. 562. 578. 622. 535. 474.
Final flight-path 82.7 89.3 89.8 66.3 87.8 89.8 61.4 87.4 88.0
angle, deg

Fig. 12 3000-ft release.

Fig. 13 Feasible engagement zones.

An important metric for the guidance design is the set of target
locations that can be engaged for a specified munition release point.
Should a target be detected closer to the UAV than the minimum
range boundary, the target would be engaged by a flyback of the
UAV to place the target within the munition’s lethal footprint. The
time required for the UAV to complete this maneuver can be appre-
ciable and thus can lead to an undesirable delay in target destruction.
So maximizing the feasible target engagement region is highly de-
sirable in order to minimize the response time of the weapon for
engaging a target.

Figure 13 shows the target engagement regions that can be
achieved using GENEX with n = 1 and 2. For these values, each
region shows the target range/crossrange points at which the final
flight angle may be achieved. The smaller value of n allows the re-
quired final flight-path angle to be achieved at longer ranges. Figure
13 also shows two outlying points that were successfully engaged
using intermediate (noninteger) parameter values. It was found that
the gaps between the two regions in Fig. 13 could be filled in using
intermediate values of n between 1 and 2. In the design of the guid-
ance algorithm, the parameter n would be scheduled as a function
of the downrange and crossrange positions of the target relative to
the current release point.

The GENEX guidance algorithm provided a valuable tool for
maximizing the target engagement region for the guided air-to-
surface munition with a vertical final flight-path angle constraint.

Guidance design parameters between 1 and 2 were adequate in meet-
ing the terminal trajectory constraints. Values greater than 2 produce
little additional benefit and values less than 1 were unable to satisfy
the terminal constraint.

IX. Conclusions
This paper has derived and evaluated the performance of a gen-

eralized form of explicit guidance. The generalized vector explicit
guidance (GENEX) law has the ability to achieve design specifica-
tions on miss distance and final missile-target relative orientation
simultaneously. The latter specification may be used to enhance the
performance of warheads the effectiveness of which is influenced
by the terminal encounter geometry. The GENEX guidance law is
parameterized in terms of a design coefficient that is specified by
the user and which determines the degree of curvature (and hence
control usage) in the trajectory.

Feasibility of the GENEX guidance law was demonstrated by its
application to two weapon scenarios. In the first, a missile terminal
homing scenario, the guidance was shown to perform well against
an air target performing evasive maneuvers. The specified zero as-
pect terminal encounter angle was achieved while simultaneously
minimizing miss distance. The analysis assumed ideal sensor in-
formation, and a simplified single-lag missile response model. In
the second case, an air-to-surface munition released from an un-
manned air vehicle was evaluated in terms of its ability to achieve a
nearly vertical final impact angle. In addition, it was desired to max-
imize the size of the surface target engagement region. The GENEX
guidance law was able to produce trajectories satisfying the termi-
nal angle constraint. An engagement region of sufficient size was
shown to be achievable using design parameters between 1 and 2,
which were scheduled as a function of target location and weapon
release altitude.

Results of these studies are preliminary. More detailed analyses
would need to consider higher fidelity weapon models incorporat-
ing six-degree-of-freedom dynamics, nonlinear and coupled aerody-
namics, and detailed autopilot descriptions. A target state estimator
and complete sensor noise model would also need to be included.
The models should then be exercised over a greater range of scenar-
ios to more fully evaluate the performance of the guidance law in a
realistic setting.
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