Research

Synthesis of control command for single-channel flying equipment
by pulse width - amplitude modulation method

Pham Van May™, Do Anh Cuong?, Tran Duc Thuan?, Chu Hoa Lu3, Lam Van Duc?

nstitute of Missiles, Academy of Military Science and Technology, 17 Hoang Sam, Cau Giay, Hanoi,
Vietnam;

2East Asia University of Technology, Trinh Van Bo, Nam Tu Liem, Hanoi, Vietnam;

3Petroleum College, 120 Tran Phu, Vung Tau city, Ba Ria - Vung Tau, Vietnam.

“Corresponding author: phamvanmaymtal1989@gmail.com

Received 25 Oct. 2024; Revised 19 Mar. 2025; Accepted 04 Apr. 2025; Published 15 Apr. 2025.

DOI: https://doi.org/10.54939/1859-1043.j.mst.102.2025.31-40

ABSTRACT

The article examines the method of synthesizing control commands of single-channel flying
equipment (TBBMK) with infrared homing heads currently in use; These methods require the
rudder angle to be able to change from the maximum negative value to the maximum positive value
continuously or in steps. Through analyzing the mathematical model describing the flight
dynamics of TBBMK based on the assumption of actual flight conditions, the authors propose to
control TBBMK according to the pulse width - amplitude modulation (PWAM) method.
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1. INTRODUCTION

In the current air defense system, TBBMK infrared seeker plays a critical role in air defense
operations,... Many countries in the world have been promoting investment, research and
development. To meet the requirements of destroying targets at long range, actively attacking
the enemy from all directions, with high precision, researching control systems to create flexible,
resilient, high-quality TBB generations is an extremely urgent issue for us. Studies [1, 2] have
presented a comprehensive overview of the features, navigation-control algorithms of the
TBBMK and technological solutions, requiring optimal design to achieve efficiency. The work
[3, 4] presented has proven the law of steering control following the sign function that Russian and
American scientists have applied to design the TBBMK control system that controls according to
the error combined with the principle of fast action always keeping the steering vane at either the
maximum or minimum position. The above works have mentioned and solved the problems in the
old generation single-channel flying equipment (Strela-2, Igla-1, Igla) with relay-type steering
vane with a control command structure based on the principle of limited pulse width modulation,
regardless of the magnitude of the control command provided, the steering vane always deviates
to the maximum angle leading to energy loss the TBB is subjected to a series of vibrations with
maximum amplitude during the flight. Works [5-8] indicate a novel control strategy combining
both pulse width and amplitude modulation (PWAM) strategies has been proposed for a novel
selective harmonic rejection power converter (SHEPWAM) for drive applications and to minimize
the power dissipation of the power converter.

The flight control system guides the TBBMK to the target using a proportional approach. In
the construction of the equipment on board, the TBBMK control principle is used when the TBB
rotates around the longitudinal axis and there is an actuator (steering machine) working in relay
mode (PM) and in linear mode (continuously moving steering vane) allowing the rotation of the
TBB to create a force to control the TBB in all directions of space. To improve the quality of
actuator control, modern control command synthesis methods are applied. In this paper, the authors
will focus on the application of pulse width amplitude modulation (PWAM) method in
synthesizing TBBMK control commands.
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2. RESEARCH MODELS AND METHODS

2.1. Single-channel flying equipment model

A single-channel flying equipment is a missile that has only one control mechanism that
produces the angle of attack or glide angle. In this type of missile, the aerodynamic steering vane
mechanism rotates through an angle in the OXYZ coordinate system is show in figure 1. For
missiles using aerodynamic effects, the rotation of the steering mechanism creates aerodynamic
force, the aerodynamic force creates moment of power that rotates the missiles. When the missile
rotates, the angle of attack changes, causing a normal force to appear, changing the flight direction.
Y B

X1

z

Figure 1. Single channel control flying equipment type.

According to documents [3], the general system of equations describing the motion of the center
of mass of the TBBMK is as follows:

mVE = P(sina.cosy, +cos a.sinf.siny.) + Y cosy, — Z siny, — G cos 0

d¥
—mV - cos 0 -—— = P(sina.siny, —cos a.sinf3.cosy.) + Y siny. + Zcosy,

dt
dx

< — =V.cos0.cos¥
dt

dh_V im0
7r =V sin

dz

L E=—Vcos€.sin’l’

Transform the above system of equations to get:

( cg
mV%= <P~C—§+Ka).6B.costh—Gc059 = Ky.d0g.cosw, t — G cos 0
y
aw c . .
—mV-cosB-E= (P-C—3+Ka)-53 -sinw, t = Ky - sinw, t - 8p

\ E=V.cos€.cos’1" O
dt
dh .
P Vsin®
az _ —VcosO.sin¥
dt
5
Where: Ko = (P2 +Ky) = Ky 1)
y
c
Ky = _(PC_;‘ + Ky) = _Kpa 2)

The essence of the control process is the process of intentionally changing the center of mass
of the missile. Changing the position of the control mechanism causes the missile to rotate. Missile
rotation causes the thrust vector to change direction and change the angle of attack, leading to a
change in lift. This change is the fundamental factor to create a change in the total force acting on
the center of mass of the missile. The synthesis of control commands to change the center of mass

32 P. V. May, ..., L. V. Duc, “Synthesis of control command ... amplitude modulation method.”



Research

of a single-channel missile according to the altitude channel and the direction channel is presented
according to the methods below.

2.2. Method of synthesizing control commands for single-channel flying equipment

Depending on the specified guidance method, the generation of commands for controlling the center
of mass via the altitude channel and the direction channel is determined by the following functions:

uy = fp(t) ©)
up = f7(t) (4)
The functions fi(t) and f,(t) are formed on the basis of information about the target and
information about the missile itself. If we assume that fn(t) and f,(t) change slowly, then the cutoff
frequency of their characteristic spectrum is much greater than the frequency of rotation around
the longitudinal axis of the missile w,.. Then, for one period of rotation, fu(t) and f,(t) are considered
constant. we will consider the problem of controlling a missile flying in a small cone. Then the
model describing the process of changing the center of mass of the missile is represented by a
system of equations (I). It is seen that to control the altitude h it is necessary to change the orbital
inclination angle 8, and to change Z it is necessary to change the orbital direction angle ¥. There
is relative independence here, a change in 6 does not affect ¥ and vice versa. However, the missile
has only one control channel (the mechanism &5), so changing 6z will change both the orbital
inclination angle 8 and the orbital direction angle ¥.

* Controlling TBBMK by pulse amplitude variation method:

If we assume that the signals fu(t), f-(t) change to the limit, then the control structure changes
continuously in the range from the negative value —5™ to the positive value +6*. It is assumed that
the control process 85 is such that the change in 6 is proportional to fu(t)=a, the change in ¥ is
proportional to f,(t)=b, which can be done using the following solution:

- When 2lr — 7 < w,t < 2lm + tthen §5(t) = k. uy;

-When 21+ D — 17 < w,t < 2L+ 1) + T then 65(t) = —k.uq;

- When 2+ 20t — 7 < wyt < 7+ 21 + 7 then 85 (t) = k. uy;

-When —2 4 2Im — T < w,t < —7 + 2l + 7 then 5(t) = —k.up; With 120, 1, 2,..
- When w, t different from the above expressions, then &5 (t) = 0;

The average change of 8 during one missile rotation around the longitudinal axis is proportional
to fn(t) and the change of ¥ is proportional to f,(t). The change diagram of 65 corresponding to
uy = 0,u, = 0 is shown in figure 2.

G5(0)

Figure 2. The rule for changing the rudder angle when a>0, b>0.
From equation 1 of system (I) we have:
a9 _Xo t.855(t) — L cos 6
i mvcoswx .0g(t) Vcos
The solution of the above differential equation is the sum of two solutions of the following
differential equations:
dao Ko

o = oy COSwy L. 6g(t) (5)
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a _ g
- = —,¢08 0 (6)
The right side of (5) is an AC signal due to the cos(.) function. According to the theory of
differential equation the solution (5) will be:
K t
0 = m—‘”;fo cosw, Tq + 0g(11) - d1y (7)
Expression (7) is the integration term, has harmonic filtering properties and reacts strongly to
slowly varying signals. So the right side (5) can be replaced by the average quantity. That is, (5)
will be replaced by the following equivalent equation:
a6 K
E:m_f/-(SBTB(t) —%cos@ 8

In which g1 (t) is calculated as follows:
iT i . ,
Oprp(t) = %f(li—l)T CoSwy T1 - 8p(11) - dty, IFIT <t < (I + DT
With the change rule of 65 (t) as above (figure 2), 655 (t) is calculated as follows:

(i—1)T+1 (i-DT+L+7
4

1
Spre(t) = T [ulj COSW, T1 - ATy + Uy f ; COSWxTy- dty
(i-ur (i-DT+z-7
(-DT+1 47 (~DT+3 4
—uy f COSw, T, - dT; — Uy f sy COSWx Ty dtq

(l‘—l)T+§—T (l—l)T‘i‘T—T

(i-1)T+T 4uy; 2uy .
s gy COSWx Ty - dT4] = T_wi - Sinw, T = Tlsmwx T 9)

Carrying out a similar transformation, the right side of the second equation of system (1) can be
replaced by the average quantity, that is:

d¥ K,
w5 10
dt mv ™ (10)

1 piT . P .
In there: §yrp(t) = ;f(li_l)Tsma)x 71 - Og(t)dr, IFIT <t < (i+ DT
Similar transformation: 8,5 = %cos (g - wa) (11)

In the case of fixed 1, from expressions (9) and (11), it can be seen that the change in the control
command of the tilt angle and the trajectory angle in a missile rotation cycle is proportional to the
input control values u; and u,. Since there is one channel, the largest possible value of t is T/8,

thatis: 7 < g So:
Sinw, T < sinm /4 =+/2/2, cos (g - a)xr) < cosm /4 =+2/2 (12)

Thus, we can consider the two equations 1 and 2 of system (I) equivalent to two independent
stages with input signals u; and u,:

de 2 sinwy
mV’E=K9'—S”;wT’u1—G‘COSQ (13)
ay 2cos E—wx‘r
mV'EzKlp-%'uz (14)

In the above pulse encoding command structure, the width is kept the same, the pulse amplitude
changes according to the altitude command and the direction command. The above model can be
linearized by the averaging method as shown in figure 3.
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Figure 3. Model of the altitude and direction control process of TBBMK.
* Controlling TBBMK by changing the amplitude and phase of the aerodynamic steering vane angle:

TBBMK control method based on the idea: When TBB rotates the plane containing the steering
vane coincides with the horizontal direction, the steering vane rotation angle is proportional to the
altitude command. When the steering vane plane coincides with the vertical direction, the steering
vane rotation angle is proportional to the lateral drift command. The signs of those angles depend
on whether the command is up or down or left or right. According to document [3] it is stated:

Lemma 1: If in a rotation cycle, the steering vane maintains a constant value 6z = §* = const,
then the average value of the control command for the yaw angle and the trajectory angle is 0,
TBB oscillates around the ballistic trajectory.

The ballistic trajectory is the trajectory determined by the forces of thrust, gravity and
aerodynamic drag. That is, the angles of attack a and the glide angles 8 are always 0 (a = 8 = 0).
In there, the normal force due to the buoyancy effect and the aerodynamic effect is absent, the
aerodynamic force is purely a drag force.

Consider two equations (8) and (10). Indeed, for all i = 0,1,2,...n, the average orbital tilt angle
control command generated by the control effect in one rotation cycle is:

iT iT T
Sgre(t) = J CoSw, T1 * O0g(11)dTy = 6 COSW, T1.dT, = 5*f CoOSw, T1.dt1 =0
(i-1)T (i-1)T 0
Similarly, the average orbital angle control command over one rotation period is:
iT iT T
Syrp(t) = -[ Sinw, 71 .05(11).dt1 = f 6" sinw, 1, .dty = 6*[ Sinw, 11 .dty =0
(i-1)T (i-1)T 0
Thus the trajectory of TBB oscillates around the ballistic trajectory:
mV% = Kg cosw, t.05(t) — G cos O = Kgbgrg — G cos @ = —G cos 6 (15)
mV.cos 6 -Z—il = Ky sinw, t.85(t) = KySyrg =0 (16)

Lemma 2: If in a rotation cycle, the steering vane angle changes sign once, the time interval at
positive value is equal to the time interval at negative value and equal to 1/2 of the cycle, then the
average normal force amplitude depends on the value 6%, the ratio of lift force Y and yaw force Z
depends on the phase of the steering vane rotation command.

sin @, t

s Tq

Figure 4. TBBMK control law.
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The time point is calculated when the symmetry plane of the TBB coincides with the vertical
plane, then the control law according to the rule has the form as shown in figure 4.

The average elevation force (controlling the orbital tilt angle) during one TBB rotation cycle is:

dé iT
FhTB =mV— = Kgcoth. 6b(t)|TB = Kp(x-(SBTB = Kpa.—f COSWy T1.6B(T1).dT1
dtlrp T Ji-nyr
(i-1)T+ . (i-1T+T+% .
=— (il—l)T TKpa.S CoSw, T, .dT, + f(i—l)T+T *Kpg. 0" coswy 7, .dTy —
(i-1)T+T . .
f(i—l)T+‘r+§ Kpg. 8" coSwy T1.dT; = —4K,,0. 6" sinw, T (17)
The average drift force (force controlling the trajectory angle) during one TBB rotation cycle:
dv
Fngrs = de_ = Ky sinwy t. 8(O) |78 = KpaOurs
tirp
= Kpa f(liT_l)T Sinwy Ty . 8p(71). ATy = 4Kpyq. 8" cOSW, T (18)
So the average normal force controlling the trajectory of the missile center of mass will be:
Frg = Fyrp + ﬁngTB (19)
SO FTB = JFhTBZ + anTBZ then FTB = 4Kpa'5* (20)
The angle between vector F and the horizontal plane is the angle: Ap = wxt (21)

From (20) and (21) it can be seen that the average change of the normal force vector is
proportional to the control blade rotation angle, the phase of the average vector is the phase of the
control command. Easy to see A = 0 then TBB moves up, Ap = m then TBB moves down, When

Ap = % orAp = 32—” then TBB moves left or right. Thus, the TBBMK control command synthesis
is performed by simultaneously changing the phase and amplitude of the steering vane pulse.

* 2 2
6" = ui +uj
u
Ap = arccos
/u§+u§

Based on the values of §* and A¢, the control pulse for the steering vane blade are generated
as shown in figure 4. The model diagram of the control process of the orbital tilt angle and the
orbital direction angle is shown in figure 5.

(22)

o
w ~ 4K .0 sinor ®
mV e,

uz ~ 4K, S5 coser 1 p
mVea, P

Figure 5. Tilt and trajectory angle control model.
* Controlling TBBMK by pulse width modulation method:
According to [3, 4] the average deviation value Furs

|-

do 1 iT+T
Fyrg = mVE = Kpcowyt. bp (t)|TB = KyaOpr8 = Kp“?f CoSwW, T1 .05 (11)dTy
TB iT

Let X = oy, with dx = wxdt, let = oxd, Ap = oyt it is easy to see (oxT) = 2. With the above
setting, the expression to calculate F,r5 will have the following form:
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K,,o
Fis = ———sing.cosAg (23)
2z
The average horizontal control force has the following form:
__ KpaS®
Fogre = S, COS @ cos Ao (24)

The general force will be: F = /F,fTB + Figrp = K’;‘f cos A (25)

From expressions (23), (24) and (25) see that:

- The magnitude of the force acting on a flying object depends only on the value of Ae,
independent of angle ¢. The direction of the force depends on the angle ¢. So, changing ¢ and A
simultaneously can create the desired flying control forces Fnre, Fngre.

3. SYNTHESIS OF CONTROL COMMAND
BY PULSE WIDTH - AMPLITUDE MODULATION

Based on the study of methods for synthesizing TBBMK control commands, a mathematical
description of TBBMK control according to the pulse width - amplitude modulation method is
built. Specifically:

Suppose the control lever of single-channel flying equipment has a range channel proportional
to some quantity Ah and a direction channel proportional to some quantity Az. The values Ah, Az
can be false information provided by the control station or by the homing head. Those average
forces acting on TBB are the normal forces that change the curvature of the orbit. In the altitude
channel, there is also a gravitational force (mg) acting on TBB but only consider two components
that make up the normal force. The basic problem is to perform the g instruction synthesis so that:

Frprp = ki -uy (26)
Fngre = ky - u, (27)

The total force acting on TBB is:
F= ﬁhTB + ﬁngTB (28)
If the angle between the horizontal force component vector and the resultant vector is o, then:
sing = thﬂ (29)

Thus, it is necessary to synthesize the control command &g so that the average resultant force
is equal to the value F, and the angle between it and the horizontal is ¢.

Consider the control command 85 (t) has the form as shown in figure 6. The mathematical
description is as follows:

Sp(1) * <—d)> | |
T ! !

+uq |- e i rrrrrrrrrrrrrrrrr 1: rrrrrr
| |
] ]

R e T fooseeneeenened T
I |
0 T/4 3T/4 T

T N ————e,e—e—e,e—e—e—"—|— e, t
_ul 77777777777777777777777777777777777777777777777777777777777777777

Figure 6. TBBMK control command format.
-WheniT — (b —1) <t <iT + (¢ — 1) then z(¢t) = k. uy;
- When iT+§— (b—-1)<t< iT+£+ (b — 1) then 85(t) = —k.uy;
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-When iT + 7 — (¢ —7) S t < iT + 2 + (¢ — 7) then 85(t) = k.u;

-When iT + 3 — (¢ = 7) < t < iT + -+ (¢ — 7) then 83(t) = —k.uy;

- When t is different from the above expressions then 6z (t) = 0;

From the system of equations (1) transformed similarly to expressions (5), (6), (7) and (8) received:

Sara(t) == f(il.T_l)T coswy Ty - 85(ty) - dy, iFiT <t < (i + DT (30)

With the change rule of 85 (t) as shown in Fig. 6, g5 (t) is calculated as follows:
(i-DT+($-1) (i~ DT+5+(+0)
COSW, T1 - ATy + Uy f COSW, T1 - ATy
(- DT+2-@-1)
, 3T
(-DT+5+(d-1)

COSW, T1 - ATy — uzf ar COSwW, T1 - AT
(i-DT+7—(-7)

1
Sprp(t) = T [uq j

(i-DT
(i—1)T+g+(¢—r)
(i~1)T+5-(-7)
(i-1)T+T
+ ulf CcoSw, T1 * d14]
(i-D)T+T—(d-1)
Uq

" T.wy (sinwx(¢ =) = sin0) + Tuj)x [sin(g twy (o —1) - Sin(g —wy(d - T))]

~ o [5in(T 4 0,0 = ) = sin(r — y(d ~ )]

2 [sin( S+ (@ — 1) ~ sin( 5~ wn(® )]
T.w, 2 2

+ Tu1 [sin 27 — sin( 27 — wy(d — 7)]

So: sin(g +we(d—1)) = sin(g —wy(d—1)) and sin(%ﬂ +w,(d—1)) = sin(%ﬂ —
wx(d — 1))
So the 2" and 4" terms of the above expression are 0.
So: sin(m + w, (b — 1)) = —sinw, (o — 1)
sin(m — wy, (P — 7)) = sinw,(d — 1)
Sin(2m — wy (b — 7)) = —sinw,(d — 1)
Then: §prg = Tu_1 [sinw, (P — 1) + 0 + sinw, (d — 1) + sinwy(d — 1) + 0 + sinw,(d — 7)]

Wy

= 1 Sinwy( — 7) = ok - sinwy (b — 7) = 2L sinw, (g — 7) = 22sin(p — 4p) (31)

T.2n.f
Carrying out the same transformation as above, the right side of the second equation of system
(1) can be replaced by the average quantity, that is: Z—i' = %SHTB (32)
1 (iT . L. .
Where: Surp(t) = 7 f(‘i_m sinw, T, - 85(1,)d1y, néuiT <t < @i+ 1T

1 (i-DT+(@-7) (i~ DT+2+($-7)
=7 [uq f Sinw, 7, dt; + U, f Sinw, 71 - dt;
(i-uT (1—1)T+Z—(cl>—7:)
(- DT+ +(§-1)
Sinw, 11 - dt; — U, f Sinw, 71 - dtyq

(i~ DT+5+(-1)
W J 3T
(~DT+3~(@-1)

(i~ DT+2—($-7)

(i-1)T+T
+ ulf Sinw, 11 - dt4]
(i-1)T+T—(d-1)
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= T.t)x {ul(— coswy(d—1)+1)+u, [— cos (g + w, (b — r)) + cos <g — Wy (P — r))]
—u[—cos(m+ wy(d— 1)) + cos(m — wy(d—1))]
3 3
— U, [— cos <7 + w, (P — T)> + cos (7 —wy (P — T))]
+ uy[—cos2m + cos(2m — w, (b — )]}

So0: cosm = 1,c05(2m — wy (b — 1)) = cosw (P — 1), cos(T + we(d — 7))
=cos(m — wy(d — 1))

cos (E— Wy (P — ‘L')) = —cos (z + wy (P — T)) = cos (3_n+ Wy (P — T))

2 2 2
3
= —cos (7 — wy (P — T))
2. 2.
Then: 85 = 22 cos (5 — wy(¢ — 7)) = 22 cos (5= (¢ — Ap) ) (33)
ae 2. .
Fyrg = mV E|TB = Kgcowyt. 8p(t)|rp = KpaOprp = Kpa%sm((l’ —Ap)  (34)
aw 2.
Fngrg = —mV — . —Kycowyt. 65(O)|rp = Kpa’%cos (g —(p- A‘P)) (39)

The total force acting on the aircraft is:

2Kpq. /uz+u2
14 L 1t%2 2.K (36)

, b .
Frg = [Firg + Figrp = -sin(p — Ap) =—"=sin(p — Ap)

Comment: Expressions (31) and (33) command the TBBMK control according to the pulse
width - amplitude modulation method according to the altitude channel and according to the
direction channel.

In the case of fixed 7, ¢ from the two expressions (31) and (33), it can be seen that the change
in the control command of the tilt angle and the equivalent trajectory direction angle in one rotation
cycle of the missile is proportional to the input control values u,; and u,. Thus, the control
commands g7, 6yrp depend on the input signal amplitude, the missile rotation frequency and
the deflection angle .

The magnitude of the force acting on the TBBMK depends on the value of \/u? + u?,

A and . Thus, simultaneously changing /u? + u#, Ap and ¢ can create the desired flying force
Fnre, Fngre.

When synthesizing TBBMK control commands using the pulse amplitude method, then ¢=0,
@ = w,.$=0; then expression (31) becomes expression (9); expression (33) becomes expression (11).

When synthesizing the TBBMK control command by the pulse width method, then u;=u,=8"
=const. The problem returns to the form of TBBMK control by the pulse width modulation method.

In the above TBBMK control methods: The TBBMK control method changes the amplitude
and phase of the aerodynamic steering vane angle, and the pulse width - amplitude modulation
modulation (PWAM) method has a total force Fz acting on the TBB that is larger than the pulse
amplitude change method and the pulse width modulation method. Therefore, the mobility of the
TBBMK is better.

In practice, the determination of control commands for the TBBMK steering vane is based on the
principle of adhesion. The basis for designing this adhesion system comes from the above explanations.

The calculation results are the basis for the task of analyzing and separating the design of new
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generation of military equipment, moving towards mastering and improving the technical and
combat characteristics of weapons and equipment.

4. CONCLUSIONS

The above presents the method of synthesizing TBBMK control commands using the pulse
width - amplitude modulation (PWAM) method. This method ensures error-sensitive control and
the generated control command is capable of continuously varying from maximum negative value
to maximum positive value, improving control quality and selective harmonic rejection for drive
applications and minimizing power dissipation of the power converter.

On that basis, we analyzed and surveyed the methods of synthesizing control commands for
TBBMK infrared homing head and used mathematical tools, basic transformations and arguments
to synthesize control commands for infrared homing radars according to the new method of pulse
width - amplitude modulation (PWAM). This is the result of expanding domestic academic research,
because infrared self-guided TBBMK are being put into service and new generation missile systems
are being prepared for purchase. The explanations of the article are the basis for the study of the
synthesis of the tracking system and the automatic flight control system of the TBBMK.
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TOM TAT

Téng hop 1énh diéu khién cho thiét bi bay mot kénh
theo phwong phap bién d¢ - do rong xung

Bai bao khao sat phwong phap tong hop lénh diéu khién ciua thiét bi bay mét kénh
(TBBMK) déu tir dan hong ngoai dang su dung; Cdc phirong phdp nay doi hoi goc canh ldi
phdi ¢é kha néang thay doi tir gid tri am toi da dén gid tri dwong t6i da mét cdch lién tuc
hodc nhdy bdc. Thong qua viéc phdn tich mé hinh todn mé ta dong hoc bay cia TBBMK
trén co so gia thiét diéu kién bay thuc té, nhém tic gia dé xudt diéu khién TBBMK theo
phirong phdp diéu ché bién dé - dp rong xung (PWAM).

Tir khéa: Thiét bj bay mot kénh; Lénh didu khién; Dau tu din hdng ngoai; Phuong phép diéu ché.

40 P. V. May, ..., L. V. Duc, “Synthesis of control command ... amplitude modulation method.”



