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ABSTRACT

Single-channel missile controlling is a method of using a rudder to control the spinning missile
to change both pitch and yaw. In essence, the single-channel missile (SCM) control system still
follows the dynamic equations of the general aircraft control system, except that the rudder angle
signal will simultaneously create control force in both pitch and yaw. Therefore, the method of
commanding the single-channel missile rudder has its own characteristics and plays a role in
distinguishing the single-channel missile control system from other aircraft control systems. The
commanding methods that have been proposed are ON-OFF commanding and continuous
sinusoidal signal commanding. This paper presents a method for establishing a single-channel
missile control command using the amplitude pulse method. By approaching the desired total
control force according to the error, the rudder angle changes according to the amplitude pulse
law. This commanding method can be applied to similar lines of rudders, making it more
convenient in modern control.

Keywords: Single-channel missile control; Command control; Spinning flight vehicle; Single ON-OFF actuator.
1. INTRODUCTION

Missiles are increasingly diverse and rich in both quantity and type. However, tactical missiles
in modern warfare cannot be absent on the battlefield, such as anti-tank missiles (e.g., Maluytka
and Refleks) and shoulder-launched missiles (e.g., Igla and Stinger). These missiles often require
high mobility; the body length is much larger than the diameter, the stabilizer is designed to be
small and always spin around the body while flying, and it cannot be fixed to control independently
according to each pitch and yaw channel. The single-channel missile control system will be
responsible for controlling the aircraft to change simultaneously for both pitch and yaw. Taking
on this special task in the single-channel missile control system is the control command system,
the core of which is the command method. The command system of the single-channel missile is
implemented as a MISO system, in which the input signal is the error according to the pitch channel
and yaw channel, and the output signal is the steering control signal. In the past, there have been
published research works about the method of establishing a command for a single-channel missile
controller or related to the spinning flight vehicle command system. In [1, 4] propose a command
method for the ON-OFF actuator, and in [9] propose a command method for the linear steering
gear. Specifically, in [1], [2], and [8], a command method for the ON-OFF actuator is established;
it generates the output signal changes from a positive maximum level or a negative maximum
level, equivalent to creating a maximum opening angle of the rudder in both directions (+0max and
-0max). The control torque acting on the aircraft is calculated by the average in a rotation cycle of
the aircraft. The solution for the average torque in a rotation cycle to have a magnitude that varies
according to the input error of the range channel and direction channel is implemented by a linear
signal with a frequency twice the rotation frequency around the longitudinal axis of the aircraft.
This commanding method is only applicable to the ON-OFF actuator, and when the control error
is zero, the instantaneous control torque still exists, so the aircraft will fly in a spiral. In the work
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[3], the commanding method is implemented by generating a square pulse signal to the ON-OFF
actuator in each rotation cycle of the SCM. The width of the square pulse varies according to the
mean square of the error signal in the direction channel and the range channel; the phase is taken
as the ratio of the error signal between the two channels. This method allows the control of the
SCM with the ON-OFF actuator and still ensures that when the zero deviation, the control signal
is zero; however, the maximum control moment is only implemented in half of the rotation cycle
of the SCM. The single-channel missile commanding method, according to the continuous
function [9], generates a sine wave signal with a frequency equal to the rotation frequency around
the longitudinal axis of the aircraft, and the phase and amplitude of the sine wave signal are
determined by the pitch and yaw error signal. This method has the advantage of bringing the
instantaneous control torque to zero when the control error is zero, but the maximum combined
torque in a rotation cycle of the aircraft is smaller than the ON-OFF control signal generation
actuator, which is less effective. With the desire to propose a command establishment method that
can solve both the advantages of the above two methods. We have researched and proposed a
method of establishing control commands according to pulse amplitude that can be applied to a
linear actuator. With this control method, the signal given by the controller has an amplitude and
pulse width that vary according to the square of the error of the pitch channel and the yaw channel,
and the initial phase is established according to the ratio between the error of the pitch channel and
the yaw channel. The method also provides a specific calculation formula for command formation
and the maximum oscillation amplitude caused by the trajectory deviation, thereby serving as a
basis for developing and applying modern control methods for spinning flight vehicles.

2. METHOD OF CONTROL COMMAND

Consider the controlled movement of a flying device in space (figure 1).

Figure 1. Control forces and moments acting on an aircraft.

O - center of gravity; OX,.Y Z, - fixed coordinate system; wy - angular velocity of the aircraft
around the longitudinal axis; F - aerodynamic force acting on the rudder; Mgy - control torque; o -
angle of attack; 0 - pitch angle; d - rudder angle.

Suppose that the control of a spinning flight vehicle is proportional to some quantity of pitch
error Ay and yaw error Az. The values of Ay and Az error can be information provided by the
control station or by the homing head. To control the SCM, it is necessary to create forces that
cause a torque to change the direction of the SCM with the following values:

F, =k Ay (1)
F_=k,-Az 2)

The force applied at a point (generated by a rudder) and the total effect on the aircraft will be:
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Fo=F,+F, (3)

Since F—Ay is perpendicular to F,_, the total force has the value

Fy = JFL + FL =k Ay) + (k) @)

If we call the angle between the horizontal force component vector and the resultant vector as
@, , then we have

F =F sing, 6]

F_=F, cosg, 6)
F, kA

¢, = arctan—-= arctan i @)
F, k, Az

Thus, it is necessary to synthesize the control command 6 so that the resultant force is equal to
the value F,, and the angle between it and the horizontal is. With the initial rudder plane lying on
the XOZ plane, this can be done by creating the rudder opening angle at time t with the normal
vector making an ¢ angle with the horizontal with the value:

F, F,
=0, - 2 — _arccot — = —arctan — = —arctan ~2 )
2 F,_ " k Ay

While moving, the aircraft spins on the longitudinal axis with » angular velocity, and the

rudder plane also rotates. The instantaneous aerodynamic force F acting on the rudder creates a
total moment controlling M, the aircraft with an instantaneous value:

F=c? V2 S 5(1) 9)

Where: S - rudder area, p - air density, V' - aircraft speed, C° - derivative of the aerodynamic
force coefficient of the rudder.

AY
K
F
| 1o >Z

Figure 2. Control force synthesis.
The instantaneous aerodynamic force F can be divided into two components F and F, that

are perpendicular to each other. The component F, is the projection of F onto F. (figure 2). Then
we have:
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s PV'S
F =C"——d(t)cos(a,t — 9)
5 .

2 (10)
F-c pVs

o(t)sin(w t — @)

The resultant force in one rotation cycle of the SCM is:

\ VzS o (i+1)T VzS (+1)T
F,=C’ e S(t)cos(wt —p)daot=C" P - I S(t)cos(m,t — p)dt (11
@ iT iT
‘ VZS o (i+D)T ) VZS (i+1)T
F, =C’ p? [ swsini-pydor=c" "0 [ s@ysin(s—p)d (12)
@, iT iT

The component Fj, is the component that creates the normal force to control the SCM, and the
component F; is the component that causes disturbances to the aircraft. Thus, the problem of
generating commands for the aircraft must ensure that F;, =F_va F;, =0.

It can be done by creating a solution to open the rudder angle 6(¢) according to the following rule:

+0; iT+(T—-A7)Zt<iT+(r+A7)

T T
5(t)= 0;iT+(r+Ar)<t<iT+E+(r—Ar);iT+E+(r+Ar)gtSiT+1+(r—Ar); (13)

T T
-0, iT+E+(r—Ar)£tSiT+E+(r+Ar);

. . . T .
Where T is the rotation period of the SCM; 7= £; 0<2A7< 5; 0, SO0<+0,; 0,18 the
R p
maximum opening angle of the rudder.

Thus, we have the rule for changing the opening angle of the rudder blade shown in figure 3.

A 50)

0 T T2 T2+t T T+t
2A T

Figure 3. Rule of changing the rudder angle.
During the time 2Ar, the steering angle is considered unchanged.
iT+§+(T+A1)

ocos(w.t—@)dt + I —o cos(w,t — p)dt

iT+(t+A7)

F, =C

Xt

s pVS
a)\’
, @

T+ (r— T
T+(r-47) iT+—+(r-A7)
2

pV'S 8
=C’ pwa ;(sin(a)xt - )

X

iT+(t+A7)

. [T+§+(r+Ar)
iT+(7-At) - Sln(a)xt - (p)|

T
iT+—+(7—-A7)
2
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V'S
_c' P S O(sin(0, (T + (7 + A7) = 9) =sin(@, (7 + (¢ ~ A7)~ p) -
. o . o T
—sin(w (iT + —+(r +At) - @) +sin(w (T +—+ (7 — A7) — @)).
2 2 (14)
5 pV2S .. ..
=C 5 oGsin(ioT + w7+ w At — @) —sin(ioT + o1 -0 A7) - @) -
o T o T
—sin(io T + o, By +o1+0Ar—@)+sin(ioT + o, By +0,1—-0AT)-p)).
We have: o T =27; or=¢ (15)

; pV°S
F,=C’ ’DT5(sin(i27r +@+ 0 AT —@)—sin(i2r + @ -0 AT —@)—

—sin(2z + 7+ @+ o At — @) +sin(i2r + 7 + @ — 0 AT — @))).
s VS (16)

=C Tﬁ(sin(a)xAr) +sin(@, A7) —sin(z + w A7) +sin(r — @, A7)

; VS ; PV°S
=C’ pTé‘Asin(a)_\,A‘r) —2c L

osinw At

X

szS IT+(c+AT) iT+§+(r+Ar)
° %) I Ssin(w t — p)dt + I

iT+(7—-AT)

—osin(w t — @)dt

r
iT+—+(7-A7)
2

s PV°S

iT+(T+AT)

) iT+£+(r+A1)
o, ; —cos(w,t - go)|iT+(MZ) +cos(w,t - q0)|

T
iT+—+(z-A7)
2

=C

x

oV’S
= € LS G cos(, (T + (5 + A7)~ )+ c05(0,GT + (£~ AD) =) +

+cos(w, (iT + % +(t+A7)— @) —cos(w (iT + g +(r - A7) - @)).

- pV’S
=C’ pTé(— cos(ioT + w1+ At —@)+cos(io T +wr1—woAT)— @)+

T T
+cos(io,T + o, By +o.1+0Ar—@)-cos(ioT +w, By + 0.1 -0AT)-p)).

; pV°S
=C’ pTé(—cos(iZﬁ +@+ o AT —@)+cos(@2m + 9 — 0 AT — )+

+cos(i2x + 7+ @+ 0 AT — @) —cos(i27 + 7 + ¢ — 0 AT — ))).

_o pVs

o(—cos(w A1)+ cos(w At) + cos(m + w At) —cos(m — w AT))

2
F, =C’ %S O(—cos(w, A7) + cos(w, A7) — cos(w, A7) + cos(w A7) =0 (17)

so we have: F, =F, =2C°pV’SSsinw,Ar (18)

From (18) it can be seen that F, is proportional to the magnitude of the rudder opening angle

. . . T . .
0 and the rudder opening time At. With 0< ATSZ equivalent to 0<w A7 s%, the function
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sinw At is increasing in the above interval. Thus, according to (18), the magnitude of F, varies
with the magnitude of the rudder opening angle and the rudder opening time At. F; reaches its
=0 at §=0 or Az =0 and its maximum value F, =2C’pV’Ss, at 5=36,

X max

minimum value F,

Zmin

T
and Ar=—.
4

According to (10), force F consists of two components, 17“[ and E . Although the total force

in each rotation cycle of the aircraft, component Fn is eliminated, at the instantaneous time it

causes oscillation for the SCM, so in the process of establishing control commands, it must be
taken into account, especially the largest instantaneous value. We have the largest value as:

s PVS

max(F,) = max(C o()sin(w t — @))
(19)

Vs
= max(C’ pT S(t)sina, (1 - 1))

During time 7 — Az <t<7+Ar, the opening angle of the rudder blade is constant 6(t)=+35,
—sinAz <sinw(t —7) <sinAr, we have:

Vs ; pV°S
2~ 2 5sin o AT<F <C° P2 ssin o AT ; (20)
; pV’S
max(F,)=C’ L Ssinw At (1)
F,
From (18) we have: 6§ =———+
2C° pV-Ssinw At
Substitute into (21) we have:
; pV°S F, F,
max(F )=C" P ———— sinw Az =—= (22)
2 2C°pV Ssinw At ’ 4

Similarly, during time r—Ar+§St£z‘+AT+§, the opening angle of the rudder blade is

F,
constant &(f) =-5, —sinAz <sinw(t—7) <sinAz, we have: max(F)) = TA (23)

Thus, the maximum magnitude of the oscillation from the control vane is proportional to the
total control force acting on the spinning flight vehicle. This is the basis for calculating and
controlling the lead error as well as the slip during the control of the spinning flight vehicle.

3. RESULTS AND DISCUSSION

On the basis of generating the control signal for the single-channel missile given above, we can
build a flowchart to generate the control signal for the single-channel missile rudder, as shown in
figure 4. Based on the errors Ay and Az obtained from the guidance system, determine the
equivalent normal force value Fa and ¢ according to formulas (4) and (33). From the spin angular
velocity of the aircraft determined from the gyroscope at each time, calculate T and t according to
formula (15) and calculate 6 and At according to formulas (18) and (19). The synthesis of the
instantaneous values of T, 1, 8, and At forms a rudder control signal in the form of (13) sent to the
steering machine controlling the SCM. This process takes place continuously after each update

20 P. C. Tu, N. Q. Vinh, P. T. Son, “Method of commanding ... single-channel missile controller.”



Research

cycle until there is a The End signal (command to end the control process when the SCM
encounters a target or exceeds the specified flight time and must self-destruct).

Enter initial value (t = 0):
- Maximum rudder angle: Ogn

\ 4

t=t+At <
Ay > Calculate F5 and ¢
Az according to formulas (4)
and (8)
Wx »| Calculate T and t according

to formula (15)

Calculate 6 and At according
to formulas (18) and (19)

v

Send control o . rudder
signal to actuator

v

Control device
ﬁ/Read the end command

The End?

YES
[ The End ]

N

NO

Figure 4. Flowchart of generating control signal for single-channel aircraft rudder.

To evaluate this single-channel control command creation method, we apply it to a spinning
flight vehicle model with initial mass m, = 10 kg. The SCM flew at a stable speed of V =560 m/s
and a spin frequency of f, =20Hz. The aerodynamic coefficients of the SCM are preliminarily

calculated according to the approximate methods of aerodynamics with the mean aerodynamic
chord b, = 0.1 m, the wing area S = 0.01 m? and the diameter D = 0.07 m. The moments of inertia
will be Jx = 0.007 kg.m? and Jy = Jz = 2 kg.m?. The simulation diagram of single-channel missile
control is built on Matlab Simulink as shown in figure 5, the diagram of creating the opening angle
of the rudder blade is shown in figure 6. The simulation process is performed with PID control.
The simulation results shown in figures 7 to 9 reflect the method of the single-channel missile
command. In figures 7a, 8a, and 9a are the results of input and output; figures 7d, 8d, and 9d are
the results of rudder opening angle. The results show that the commanding method by this method
has controlled a single-channel missile, specifically:

Figure 7 is the simulation result with a fixed target with coordinates Y = 50 m, Z = -20 m. The
simulation result shows that the rudder opening angle is initially very large to bring the error in

Journal of Military Science and Technology, 104 (2025), 15-24 21



Electronics & Automation

coordinates Y and Z to zero, then the control maintains a small error level. The rudder opening
angle still maintains control when the error approaches zero because there is always a missile
weight compensation signal.

Similarly, the simulation results in figure 8 were performed with a target with initial coordinates
Y =50 m, Z =20 m, and a target moving at a constant vertical speed of 2 m/s and a horizontal
speed of 4 m/s. The simulation results showed that the missile tracked well with a target moving
at a constant vertical and horizontal speed.

Finally, figure 9 is the simulation result with a snake-shaped target moving vertically and
horizontally. The target has initial coordinates Y = 50 m and Z = 20 m and moves vertically with
a sinusoid Y = 2sin(2xnt) and horizontally with Z = sin(xt). The simulation results show that the
missile follows the target after 1.25 s. The rudder angle in this case, after the error approaches
zero, fluctuates according to the target being followed.

>

B

numis) J

dens) [y

numis)
den(s) z

0

L E7 Fraxi

= 5 ;

Figure 6. Simulation diagram of single-channel missile control command.
Color symbols on graphs a and b:
——  Target Y Coordinate ——  Spinning flight vehicle Y coordinate.
= Target Z Coordinate Spinning flight vehicle Z coordinate
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N,

iF

a) | b)
Figure 7. Target coordinates Y = 50, Z = -20.
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Figure 8. Target coordinates Y = 50+2t, Z = 20+4t.
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4. CONCLUSIONS

Figure 9. Target coordinates Y = 50+2sin(2nt), Z = 20+sin(mt).

The paper has developed a method for establishing a single-channel amplitude pulse command
to control a spinning flight vehicle. Constructed a flowchart to generate a control signal for a
single-channel missile rudder. Simulation evaluation of the single-channel missile control
command formulation method according to pitch and yaw channel input error proportional and
PID.Compared with the previous control command method, this method allows output control
signals with variable amplitude and pulse width, thereby opening the largest control torque equal
to the largest control torque of the ON-OFF control command method, and the smallest control
torque is 0 when the input error is 0. The survey results demonstrated the correctness of the
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research method. Based on the research results, we will conduct research to select the optimal
parameters & and At applied to the linear steering machine as well as apply to the specific guidance
method for spinning flight vehicles to increase the guidance accuracy and reduce slip when
controlling the SCM to follow the target.
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TOM TAT
Phuong phip l4p 1énh diéu khién thiét bi bay mot kénh xung bién d¢

Piéu khién tén lira mot kénh la phiwong phdp sir dung mot may lai dé dieu khién thiét bi
bay (TBB) thay doi cd tam va hwéng. Vé ban chat hé thong diéu khién tén lira mot kénh van
tudn thii theo cdc phwong trinh dong hoc ciia hé diéu khién TBB néi chung chi khdc la tin hiéu
g6c mé canh 1ai dong thoi sé tao ra luc diéu khién theo ca tam va huéng. Do dé, phwong phdp
lap lénh diéu khién may ldi tén lwa mot kénh co dac diém riéng bi¢t va dong vai tro phdn biét
gitka hé thong diéu khién tén lira mét kénh so véi hé thong diéu khién TBB khdc. Céc phiong
phap lap lénh dd dwoc dwa ra la lgp lénh ON-OFF va ldp lénh tin hiéu lién tuc hinh sin. Bai
bao trinh bay phwong phap lap Iénh diéu khlen tén hia mot kénh theo phiwong phap xung bién
d4. Bang cdch tiép cdn tir lyc diéu khién tong hop mong mudn theo sai s tao ra géc mé canh
ldi thay doi theo quy ludt xung bién do. Phwong phdp lap lénh nay c6 thé dp dung cd cho dong
mdy ldi twong tw givip thudn loi hon trong diéu khién hién dai.

khéa: Didu khién mot kénh; Thibt bi bay mot kénh; Lap 1énh diéu khién; May lai ro le.
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