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A switched—gain proportional navigation applicable for

infrared guidance munitions
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Abstract: Considering the infrared guidance munitions need the information of time—to—go, when using
impact angular constraint guidance law, one kind of switched —gain proportional navigation guidance
(SGPNG), without time—to—go for it's input, was proposed. Based on the analytical relationships among
the middle —terminal navigation ratio, acceleration constraint and field —of —view constraint when desired
terminal impact angle was fixed, the calculation model of navigation gain was established. Then the
navigation gain and the location of switched —gain were got. After that, the SGPNG performance was
compared with that of trajectory shaping guidance (TSG). Simulation results and the engineering application
analysis show that the SGPNG achieves the goal of desired impact angle, location, the field—of—-view angle
limit and acceleration constraint. Compard with the TSG, the SGPNG needs less hardware resources.
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Fig.1 Geometry of missile—target engagement
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Fig.2 Switched—gain proportional navigation trajectory
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Fig.3 Strategy about the switched—gain

proportional navigation
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Fig.4 Transformation of the different variables
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Tab.1 Acquisition of key parameters

Name of the . .
Engineering approaches Hardware demands
parameters
Active radar seeker Active radar seeker
R

GPS GPS receiver

Calculate by the seeker Platform seeker and

frame angle and the missile attitude gyro

attitude angle
q Calculate by missile

location information and .
. GPS receiver
the target location

information

Calculate by inertial . .
. s Seeker and inertial
e navigation and the seeker L.
. . navigation
information

Calculate by inertial X L.
.. Inertial navigation
navigation
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Tab.2 Simulation scenes settings

Initial look—ahead Field of view angle Acceleration

Scene

Actual impact angle /

N, N, ps q,/(°) 6./(°)

angle constraint/(°) constraint/m - s~ ()
0 20.0 41.45 57.63 - - - - - 90.00
1 20.0 41.45 57.63 0.471 2.0 0.2871 40.531 0.919 81.98
2 27.7 41.45 57.63 0.717 2.0 0.2871 48.558 7.108 90.00
3 20.0 49.09 57.63 0.289 2.0 0.3278 40.918 -8.172 90.00
4 20.0 41.45 73.77 0.558 2.0 0.2243  48.551 7.101 90.00
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Tab.3 Simulation scenes settings

Acceleration

Miss distance  Actual impact Theory impact angle

Scene  onstraint/m-s? N Ps /(%) 0./()
1 4x107p? 0.45 2.00 0.50 48.56 0.06 0.057 48.56 48.26
2 8x107*y? 0.67 2.53 0.32 30.35 0.34 0.154 49.47 50.00
3 12x107" v 2 0.72 3.10 0.26 35.68 5.68 0.012 49.12 50.00
4 16x107*v? 0.74 3.67 0.23 38.77 8.76 0.032 49.25 50.00

0504004-6



Gk TR

% 5 i

www.irla.cn

% 46 %

Gyt 1w 2w 0 R R, 5 B i
RIEM/NT R &S, PIEY 5 2.3 F 4 Hhil i &
WL SE T 1 R BLEVA, () A L V8 AR o S
FLZE SRS OB 5 5 B AR A R A B )

WE9~12 FrR
1000
800F g .
B &,
5 Y
600} s \
E / \
N 400l : — Scene 1 ’{l
--- Scene 2
Scene 3
200 == Scene 4

0 . . . L
0 1000 2000 3000 4000 5000
X/m

PO 7 B 45 L e o] A 9 T £
Fig.9 Trajectory curves of SGPNG
-2

Scene 3 Scene 4
X,

£ Scene 1
Scene 2

o

. —“- \\«
Lo o
2 Scene | acceleration constraint
8-‘ /,’ Scene 2 accelerat%on constra%nt
L \Scene 3 acceleration constraint
.

Scene 4 acceleration constraint
! ! 1 L

Overload/g
'

0 5 10 15 20 25 30
Time/s

P10 A2 38 45 b ) 5] i 2k
Fig.10 Overload curves of SGPNG

40

_3of

E i

E 20

<

s 0 —Scene 1

S 10 -.- Scene 2

--- Scene 3

of ==Scene 4

0 5 10 15 20 25 30
Time/s

L1 78 38 45 b 4] 51 59 H AR 9L Al
Fig.11 Field-of-view angle curves of SGPNG

260
—Scene 1

240+ --- Scene 2
- === Scene 3
® 2201 ==Scene 4
&
2200
[2]
=)
E 180

160+

140

5 10 15 20 25 30
Time/s

P12 724 55 Ll ] S 5] A R A Ak il 2k
Fig.12 Velocity curves of SGPNG

D LA RALW] . A i BRI Bk o, il
R B EE MR A ) A D N 20 S S 5 A
RGN IIETIANIG, PR T —E MR 2E KA E
o HARPLA RN AL A5 AN [ 07 H 3 5 R 9l g B
FEAAM ;i T T R GAT AL e, B HOE A R T B
YA, T A 518 ) e R H AR AR R R i T H
PRALAABR @ o A2 RSP S I BE AR, SR e e
ARABR, S FY) s B R o Bl =2 A 1, 7E B R T &
B BREE , (A35A 50E AT A op R R &
Ab T SR A A R BR 2 A

Li LBk, BRI R BT A8 4 H ]
FIHALE B T RE BRI A d Kol BRI R OL T, fE S
BB A 2 AR [ 5 SR A2 T 3 8 e H A AL A
2 HARILAA B 2 7 ) D) 4 a5 AL T B ek
{EL; TE 5 3 R GE 8 ) 2 i Jm EE 0 AR 551
PoJe  BaE A T R 2, H A AR LA A RO
BRI PR, A TR BT R 2 A R R H AR A A
/NT HARPL A BRI

5 & it

SCHR TR AS 0 45 HL O S g1, P B R S g
Ui b RN EE S S R T S e e Y e S
DU R 0 B o IO RE RE DR 261, SR A R BEEL Bl
G e A L BVE SR I AR

WEFEFWT, A BN rp Be b4 S 5 | 45 5 ik ] m] L
AR B 5 SR AL AR BRI IG A5, IR B 7 A
1 H IR 5 30 A BB T R OR S U 8], A S AT A 0 4
PO 2 5 A v AR L L ] SO B2 R i R T X
0SB 1 ) T4k BE D T B2 A T S R ) S [
SRR T 5 ST A S A R e KA HAAE T I S 5 1 H
o R A RATIEEAE B, Bl T d iz 2k H
PRI AR ] 5 7.2

S % 3k

[1] Cao Hequan, Zhang Guangming, Sun Sujie, et al. Status and
development of protection technology of armored vehicles[J].
Acta Armamentarii, 2012, 33(12): 1549-1554. (in Chinese)
WA, Bk, PN, S Rk H A B B B R BF g IR
5k 5 TR, 2012, 33(12): 1549-1554.

[2] Fang Linghui, Zheng Xiangyu, Cai Hongtu, et al.

Development of tank & armored vehicle protection

05040047



% 5 i

Gk TR

www.irla.cn

% 46 %

(31

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

technology [J]. Sichuan Ordnance Journal, 2014, 35 (3):
23-26. (in Chinese)

D Ve W, S FH R, 4R 5 I, AR, I S A A R kR
WEFEI]. PUJI £ 25 4z, 2014, 35(3): 23-26.

Zhou Ping, Zhao Chenxiao, Mei Lin, et al. Development
situation and trends analysis of modern tank active
protection system [J]. Command Control & Simulation,
2016, 38(2): 132—-136. (in Chinese)

JHAE, BURA, MEAR, AF, BUACHE SE 32 8l B 4P R g8k R R
SR ). 5 S 05 R 2016, 38(2): 132-136.
Kim M, Grider K V. Terminal guidance for impact attitude
angle constrained flight trajectories [J]. IEEE Trans. on
Aerospace and Electronic Systems, 1973, 9(6): 852—-859.
Chang Chao, Lin Defu, Qi Zaikang, et al. Study on the
optimal terminal guidance law with interception and impact
angle [J]. Transactions of Beijing Institute of Technology,
2009, 29(3): 233-236. (in Chinese)

WO, PREAR, AR, AF. Al VR AL RIVE F 2 SR g O R
FABETLI]. A0 TR 24, 2009, 29(3): 233-236.
Idan M, Golan O M, Guelman M. Optimal planar interception
with terminal constraints [J]. Journal of Guidance, Control
and Dynamics, 1995, 18(6): 1273-1279.

Zhang Y A, Wang X L, Ma G X. Impact time control
guidance law with large impact angle constraint [J]. Journal
of Aerospace Engineering, 2015, 229(11): 2119 -2131.
Ryoo C K, Cho H, Tahk M J. Optimal guidance laws with
terminal impact angle constraint [J]. Journal of Guidance,
Control and Dynamics, 2005, 28(4): 724-732.

Ohlmeyer E J, Phillips C A. Generalized vector explicit
guidance [J]. Journal of Guidance, Control and Dynamics,
2006, 29(2): 261-268.

Park B G, Kim T H, Tahk M J. Optimal impact angle
control guidance law considering the seeker’s field—of—view
limits[J]. Journal of Aerospace Engineering, 2013, 227(8):
1347 -1364.

Paul Z. Tactical and Strategic Missile Guidance [M]. 6th ed.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

0504004-8

Lexington: Progress in Astronautics and Aeronautics, 2012:
569-601.

Wang Hui, Lin Defu, Wang Jiang, et al. Analysis and
application study on the extended trajectory shaping guidance
law[J]. Acta Armamentarii, 2013, 34(7): 801-809. (in Chinese)
T KB AR, AT, S R O A A R S A R )
5N AAFFET]. 55 T2 4, 2013, 34(7): 801-809.

Wang Hui, Lin Defu, Cui Xiaoxi. Extended trajectory
shaping guidance laws [J]. Transactions of Beijing Institute
of Technology, 2014, 34(6): 597—-602. (in Chinese)

FE ARG AR B DE . — 28 T R L ug A i 5 A (0], b
TR 44z, 2014, 34(6): 597-602.

Wang Hui, Wang Jiang, Lin Defu, et al. Analytic study on
extended trajectory shaping guidance system with first—order
autopilot dynamics[J]. Systems Engineering and Electronics,
2014, 36(3): 509-518. (in Chinese)

T, FAL, R4S 5B R O 3 Sy T
RS S RE WA Dl RE LRSS THA,
2014,36(3): 509-518.

Koray S E. Indirect control of impact angle against
stationary targets using biased PPN [C]//AIAA Guidance,
Navigation, and Control Conference, 2010: 8148-8154.
Koray S E, Osman M. Indirect impact angle control against
stationary targets using biased pre proportional navigation[J].
Journal of Guidance, Control and Dynamics, 2012, 35(2):
700-703.

Koray S E. Control of impact angle using biased
proportional navigation[C]//AIAA Guidance, Navigation, and
Control Conference, 2013: 5113-5127.

Tekin R, Koray S E. Switched —gain guidance for impact
angle control under physical constraints [J]. Journal of
Guidance, Control, and Dynamics, 2015, 38(2): 205-216.
Ratnoo A. Analysis of two —stage proportional navigation
with impact angle and field —of —view constraints [C]//AIAA
Guidance, Navigation, and Control Conference, 2015: 1195—

1209.



