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1. Introduction
For short-range aircraft with inertial navigation, 

called “fire and forget”, its flying time is several sec-
onds, with a flight distance of only hundreds of me-
ters. Fig.(1) showed the launching process of shoul-
der-type aircraft with soft firing system. Once the tar-
get was found, shooter would activate the launching 
and controlling equipment. In the target tracking, the 
angular rate of line of sight to target was recorded by 

the launching and controlling equipment. Then, the 
average angular acceleration was calculated based on 
the 2s data of angular velocity[1][2][3][9][10][20].

Aircraft flight path was divided into straight and 
curve flight path depending on different projections 
of aircraft flight path. Straight flight path referred to 
ideal flight path with straight line on horizontal pro-
jection, while curve one to that with curve on hori-
zontal projection. For the launching and controlling 
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system of curve flight path, there was no need to cal-
culate the horizontal advance angle before launching. 
Shooter directly launched aircraft when the target was 
aimed. Therefore, the launching and targeting time 
was short, without a high requirement for launching 
and controlling system[16][17][18][19].

In the work, mathematical modeling of guidance 
technology in initial introduction was used to study 
the control mechanism of guidance on horizontal and 
vertical plane. Besides, simulations for flight control 
were conducted under different initial conditions.

2. Research method
MGAERO was used to calculate aircraft’s aero-

dynamic parameters. During the calculation, the spe-
cific aerodynamic parameters and structural quality 
of subsystems of aircraft were taken into account. 
In order to study the guidance technology in initial 
introduction, the uncontrolled flight path of aircraft 
leaving tube was calculated using the simulation of 
rigid body. Besides, controlled particle was also used 
to calculate the flight path of aircraft when control 
started.

Centroid and attitude motions of aircraft were 
described in the coordinate system of flight path 
and quasi-flying body coordinate, respectively. 
Such descriptions included the kinematic equations 
of simplified aircraft, kinematic equations of un-
controlled rigid body and controlled particle, and 
kinematic equations of aircraft with standard pa-
rameters[4][5][6][7][8].

2.1. Declination Law of Ideal Curved Flight 
Path

2.1.1. Guidance Law
The ideal curved flight path on horizontal plane 

was as follows (See Figure 2).
Supposing there was a horizontal line of sight 

from shooter to target, aircraft would hit the target as 
long as it flied along this line. Given rotation angular 
rate of aircraft’s initial line of sight 0lω  and angular 

acceleration 0lε , with line of sight accelerating uni-
formly, horizontal angular velocity and angle were as 
follows.

0 0l l l tω ω ε= +   (1)

2
0 0

1
2l l lq t tω ε= +   (2)

To make aircraft always in the line of sight, it is 
necessary to satisfy the following equations.

sinl
m

dq
R V

dt
η=   (3)

cosmdR
V

dt
η=   (4)

v lqψ η= +   (5)

Where , , , ,m l l lR qη ω ε  referred to aircraft’s fly-
ing distance along the line of sight to target, angle 
between the direction of speed and line of sight to 
target, rotation angle of the line of sight to target, ro-
tation angular velocity and acceleration of the line of 
sight to target, respectively.

Figure 1. Launching and controlling program in setting and launching scheme of line of sight information

Soft launch

Start launching and 
controlling equipment

Record informationAngular rate sensor and measure 
wind (if necessary)

Calculate the average angular acceleration 
rate of the line of sightTarget tracking

End of the launch

Pull the trigger Charge launching and 
controlling equipment

Bind the initial angular 
rate, average angular 

acceleration rate and wind 
speed (if necessary)

Find target

Figure 2. Ideal curved flight path on horizontal plane
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2.1.2. Declination Law of Flight Path in Intro-

duction
After launching aircraft, aircraft’s direction of ve-

locity and position cannot meet the requirements of 
guidance due to a short uncontrolled flight path. To 
complete the introduction of aircraft in the shortest 
time, it is assumed the introduction phase consisting 
of two arcs according to ideal introduction principle. 
Then, the aircraft will move regularly with the help 
of artificial control. Figure 3 showed the flight path 
in introduction.

Figure 3. Flight path in introduction

(1) Introduction Distance and End Time
Given aircraft’s introduction distance cvS , the 

minimum effective range vS , flight distance start-
ing control cS , flying rate starting control cV , the 
moment starting control ct , the moment introduced 
to inflection point vgt  and finishing introduction vt ,
there are following equations when aircraft is accel-
erating uniformly.

cv v cS S S= −   (6)

21
( ) ( )

2 2
cv

c vg c f vg c
S

V t t a t t= − + −   (7)

21
( ) ( )

2cv c v c f v cS V t t a t t= − + −   (8)

(2) Declination and Lateral Distance of Flight 
Path at the End of Introduction

At the end of introduction, aircraft’s ideal declina-
tion of flight path was as follows.

1
2 sin ( / )vd mv lv v lvR V qψ ω−= +  (9)

Where mvR  referred to aircraft’s flying distance 
along the line of sight to target at the end of intro-
duction ( mv vR S≈ ); lvω  the rotation angular velocity 
( 0 0lv l l vtω ω ε= + ); l vq  the rotation angle of sight to 
target at the end of introduction ( 2

0 0
1
2lv l v l vq t tω ε= + );

vV  aircraft’s rate ( ( )v c f v cV V a t t= + − ).

In the whole process of introduction, the lateral 
moving distance of aircraft was as follows.

cv v lvz S q=   (10)

(3) Ideal Introduction Radius and Declination of 
Flight Path at Inflection Point

The introduction radius was obtained by the itera-
tion of following equation.

2
0 0/ ( 2 / 2 / )vd cv vd vd cv vdR S z Rψ ψ≈ + +   (11)

Where vcψ  referred to the declination of flight 
path when aircraft was controlled, and 0vdψ  the dec-
lination difference between the end of introduction 
and start of control, namely 0 2vd vd vcψ ψ ψ= − .

1
1 [sin ( ) ]

2
cv

vd lv
vd

S
c q

R
ψ −= ⋅ +   (12)

Where c referred to the correction coefficient when 
aircraft change its speed, determined by simulation.

(4) Declination Law of Flight Path in Introduction
The declination law of flight path in introduction 

was as follows.

1

2 1
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vg cv

vd vd
vg v
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t t t
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dt
t t t

t t

ψ ψ

ψ
ψ ψ
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2.1.3. Declination Law of Flight Path in Intro-
duction

(1) Information of Target’s Relative Motion
According to Figure 3, the angular velocity of the 

line of sight to target was as follows.

sin( )T vT l
l

T

V q

R

ψ
ω

−
=   (14)

After derivation calculus, /T TR R  was as follows 
for its little change with the conditions of l lε ω=   and 

l lqω =  .

0

02
T l

T l

R

R

ε
ω

= −


  (15)

(2) Declination Law of Flight Path in Introduction
Aircraft being in the line of sight to target, the 

declination law of flight path in introduction was ob-
tained when target moved uniformly. 

0

0
(2 )v l

l
l

d x x V
dt V V V

ψ ε
ω

ω
∗ = + ⋅ − ⋅



  (16)

Where vψ ∗  referred to the ideal declination of 
flight path.
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2.2. Ideal Yaw Angle and Acceleration Law of 

Z Axis[11][12][13][14][15]

Based on the wind measuring instrument in 
launching equipment, the ideal yaw angle and ac-
celeration law of Z axis were induced when aircraft 
started control. Ideal yaw angle and acceleration of Z 

axis provided reference to the attitude control of yaw 
direction and position control of Z axis.

The following equations were obtained from the 
standard kinematic equation of aircraft with con-
trolled particle.

                                    
cos ( cos )

cos

y v z wy y w
cz

c z c y

m qSLmV P C qS M m qSLZ
F

P L C qSL m qSL

β β β

β β

θ ψ α

α
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∗
∗

′ + − +
=

− + −
             (17)

z c wy

y

F L M

m qSLβ
β ∗
∗

+
= −   (18)

1sin (sin / cos ) vψ β θ ψ−
∗ ∗ ∗ ∗= +   (19)

Of above equations, the symbols with asterisk on 
its superscript were ideal parameters.

3. Research results
3.1. Constraint Conditions in the Calculation of 

Flight Path
3.1.1. Step Calculation
To simulate the 1ms data exchange rate of aircraft 

computer, the step of flight path in calculation was 
assumed as 0.001step = .

3.1.2. Initial Setting
Supposing the initial target distance TS , advanc-

ing speed TxV and transverse velocity TzV , the ini-
tial setting angular rate and acceleration rate were as 
follows for the launching and controlling program of 
curved flight path.

0
Tz

l
T

V

S
ω =   (20)

0
0

2 l Tx
l

T

V

S

ω
ε = −   (21)

3.1.3. Index of Flight
Only 0.2s after the launch of aircraft, the engine 

ignited and started control. The horizontal introduc-
tion distance of aircraft was 17m. When the aircraft 
flied to 65m, the maximum heights of aircraft’s rec-
tilinear and hedgehopping flight path were 0.5m and 
2.5m, respectively. Approaching the target, the air-
craft dropped 0.5m than from highest height.

3.1.4 Termination Condition
Given aircraft’s horizontal distance mx  and tar-

get’s horizontal distance Tx , the termination condi-
tion of simulation was as follows.

0.5m Tx x− ≤   (22)

3.2. Ideal Flight Path on Horizontal Plane
3.2.1. Ideal Curved Flight Path
Through simulation, the correction coefficient 

c =0.45 in introduction was determined. When the 
distance to target was 600m, and the lateral veloc-

ity of target changed from -15m/s to 15m/s without 
advancing velocity, the curved flight path, control, 
sideslip angle and overload curve of flight path were 
as follows. (See Figure 4-6)

Figure 4. Horizontal curved flight path curve under 
different initial conditions

Figure 5. Control force curve on Z axis under different 
initial conditions

Figure 6. Sideslip angle curve under different initial 
conditions
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Figures showed the flight path of aircraft was very 

flexuous while approaching the target with a large 
lateral velocity. Thus, aircraft should be limited to 
track target with lateral velocity less than 10m/s for 
the large overload required by aircraft, especially the 
one with large opposite movement. When the target 
was in the minimum effective range, the lateral speed 
of target tracked by aircraft should be less than 5m/s. 
Otherwise, the aircraft would stalled because the slip 
angle exceeded critical angle.

For the target in 50-600m area, the control force 
of aircraft should be less than the maximum control 
force provided by aircraft. Then, aircraft’s slip angle 
was less than the critical angle. Therefore, aircraft can 
track the target under different conditions. At the end 
of acceleration, aircraft flied without motive power, 
thus needing the maximum control force. The flight 
overload of aircraft was provided by the wings, so 
aircraft had the maximum flight speed and stability 
with large control force.

4. Conclusions
Aircraft can track different targets under differ-

ent initial conditions. Besides, the ideal flight path 
simulations were very accurate. Thus, it was feasible 
to carry out the target detection program for curved 
flight path, launching and controlling program and 
guidance method based on an imaginary line of sight 
to target. These programs satisfied the guidance re-
quirements of short range aircraft with inertial navi-
gation (also called “fire and forget”).

Acknowledgements
This work was supported by these projects: 

PXM2015-014223-000007; KM201510015005; 
TJSHG201510015011; 23190114014.

 References
1. Guo Jianguo, “light Vehicle Guidance, Navi-

gation and Control Technology” , National 
Defend Industry Press, 2011: 35-39. 

2. Zhang Peng, “Principles of Precision Guid-
ance” , Publishing House of Electronics Indus-
try, 2009: 68-73. 

3. Zhang Jiazhong, “Dynamics and Control of 
Astronautic Vehicle” , Harbin Institute of 
Technology Press, 2011: 123-126. 

4. Gao Zhongyu, “Inertial Navigation System 
Technology” , Tsinghua University Press, 
2012: 233-237. 

5. Liu Lisheng, “Fusion Processing and Accuracy 
Analysis of Space Trajectory Measurement” , 
Tsinghua University Press, 2014: 178-182. 

6. BezikS, RusnakI, GrayWS. “Guidance of 
ahoming missile via nonlinear geometric con-

trolmethods. Jounal of Guidance, Control, and 
Dynamics”, 1995, 18(3): 441-448

7. YangCD, ChenHY, “Nonlinear robust guid-
ance law for homing missiles. Journal of Guid-
ance, Control, and Dynamics”, 1998, 21(6): 
882-890 

8. ZhouD, MuC, XuW, “Adaptives liding mode 
guidance of a homing missile. Journal of Guid-
ance, Control, and Dynamics”, 1999, 22(4): 
589-594 

9. ChwaD, ChoiJY“Adaptive nonlinear guidance 
law considering con trol loop dynamics. IEEE 
Transactions on Aerospace and Electronic 
Systems”, 2003, 39(4): 1134-1143

10. . ManZH, XingHY, “Terminals liding mode 
control of MIMO linear systems. IEEE Trans-
actions On Circuits and Systems: Fundamen-
tal Theory and Applications”, 1997, 44(11): 
1065-1070

11. TangY, “Terminals liding mode control for 
rigid robots”, 1998, 34(1): 51-56 

12. PolycarpouMM, IoannouPA, “Arobust adap-
tive nonlinear control design”, 1996, 32(3): 
423-427 

13. CorlessMJ, LeitmannG, “Continuous state 
feedback guaranteeing uniformultimate 
boundedness for uncertain dynamic systems. 
IEEE Transactions on Automatic Control”, 
1981, 26(5): 1139-1143 

14. D’Souza C N, “An Optimal Guidance Law for 
Planetary Landing. Conference of the Guid-
ance, Navigation and Control”, AIAA-97-
3709, 1376-1381. 

15. Teng L, Kumar K S P, “Optimum Control 
for Lunar Soft Landing. Astronautical Acta”, 
1989, 13, 531-545. 

16. SinghSN, StinbergM, “Adaptive control of 
feedback linearizable nonlinear systems with 
applicationt of lightcontrol. Journal of Guid-
ance, Control and Dynamics”, 1996, 19(4): 
871-877. 

17. ChoiJY, ChwaDY, KimMS, “Adaptive control 
for feedback linearized missiles with uncer-
tainties. IEEE Trans on Aerospace and Elec-
tronic Systems”, 2000, 36(2): 467-481. 

18. LengG, “Guid an ceal gorithm design: an on-
linear inverse approach”, 1998, 21(5): 742-
746. 

19. InnocentiM, CarnascialiG, NasutiF, “Angle of 
attack guidance via robust approximate inver-
sion”, AIAA29824113. 1998. 

20. Iwata T, Kaneko Y, Tanaka T, et al, “Con-
ceptual Design of Lunar Lander. 17th Int. 
Symposium on Space Technology and 
Science(Japan)”, 1990. 


