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Performance Comparison between True Proportional Navigation
Guidance Law and Pure Proportional Navigation Guidance Law
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Abstract : In this paper, a performance comparison between traditional TPN (true proportional navigation) guidance law and
PPN(pure proportional navigation) guidance law is made, based on a short range surface-to-air missile simulation program. This
simulation program has a nonlinear aerodynamic missile model, a roll stabilized autopilot, a nonlinear radar model, and a
target model. According to the simulation results, the PPN guidance law has better performances than TPN guidance law

under the condition of evasive target.
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Fig. 1. The structure of a missile mission.
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Fig. 2. The scheme of proportional navigation guidance.
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Fig. 3. The block diagram of guided weapon system.
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Fig. 4. The block diagram of autopilot control system.
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Fig. 5. Geometry of true proportional navigation.
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Fig. 6. Geometry of pure proportional navigation.
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Table 1. The results for (2000, 0, 300) with z-axis acceleration.

Acceleration PPNG TPNG
of target MD(m) | HT(sec) | MD(m) | HT(sec)
10 nvsec” 1.5 2.987 2.9 2.857
20 m/sec’ 2.7 2.924 3.1 2.852
30 m/sec” 4.1 2.864 6.1 2.841
40 m/sec® 5.8 2.856 8.1 2.820
50 m/sec’ 8.7 2.855 9.9 2.836
60 mvsec” 13.7 2970 222 2.756
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Table2. The results for (2000, 0, 300) with y-axis acceleration.

Acceleration PPNG TPNG

of target MD HT MD HT

10 m/sec” 1.8 2.881 2.8 2.844
20 m/sec’ 29 2.826 33 2.853
30 m/sec’ 3.0 2.867 3.6 2.846
40 m/sec” 43 2.859 44 2.824
50 m/sec” 55 2.855 6.0 2.836
60 m/sec’” 83 2.872 8.8 2.855
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Table 3. The results for (2000, 0, 300) with y-axis acceleration.

Acceleration of PPNG TPNG
target MD HT MD HT

10 m/sec’ 2.7 3.872 2.8 3.762

20 m/sec” 28 3.828 7.1 3753

30 m/sec® 3.0 3.865 73 3.742

40 m/sec” 8.4 3.856 8.4 3.725

50 m/sec” 9.0 3.855 10.1 3.737

60 m/sec” 13.6 3.972 175 3.663
71 $4 3 7iEE WEE 1 3ok gtk 17
U fE7rle 248 e AYn glerns, 7t &
Hug vl ol o WA, ool ue} AU &
e ASEthe YEFPATe] o oA Eth F, &
o] gugko 2 3|uLFS A HY, ole AR
[e]

the Aol Wstgo] ARA FERr19] o] dgdike
ZA%, Ao BaF FEo] HojxA Hol RGP
o] ZAEA He Aotk ¥ 19 Aol ¥ 19 AHEL
olg)gt A3 F diald F1 gick

R 3049 A= R 29} ol ko 2 Fur|Es)
HeEE AY HHE et AR ©2A 7}
Aotk thh, F 28} TR AR fERv|e] WA
A 5o A 3000m H3Ee ol APHICH
Zgole B850 &Rl 4738 Dol A
A SER7)e] QRSeo] EEy] fRo] Adde] FA
wishe AolAA "tk 28u FERI7 BHET 293
E Alzte] AAA Hol, $EF7]9] &xr} 0157 Al
S Aol HA Hih AEF oMo AL fETIE
e 32sec B9 FEL MAYATT, o|F2E ARFE
A 9ok wekd dE7 o 23" Fole fEFY &
%7} 20184 H3, ol wet FEREIE AHT F e
ko) JiEE AVPF 24EA vk 1HER FEF]
o Ase A3tE § uol gtk 2A= ¥ 39 AREL
o] Uehiz gtk WA, EHEQ $Fo] ¥ 29| A}
U3 y& 0 R 10misec’d] V&R F3ske 3¢
ol FudEhd FEHAe AR fERr]] HaAE
7 27m, &Rl FERHS ARSE FERTle] HaA
e 28m2 JEd gtk ol AAZe 2 Wil e
Agole AuHdy SRS eulEdy FEEE
o7t A9 glee walFm gk 283 YA
MNe ZHo] o} 2318 32sec o]Fo] XHEH] 297}
o] Yeht} itk &, FEFI7F 83 FEglols #5H
He 2243 $AF 4 YL RAFT Yok 2By A}
2 XAE Fyr|% JiEErt A wel F R &
EyFo] Fol7t BAEA Pk BE dolMY ¥ 29 4
o xgl o] & olx sl YehuRAE 4R,
o= Aw &HlEEH =AY $590] Ysha ok
olZRE HurHoz mlHFY FEHIRTRE £HlHF
Bo] I Aol 248 & 4 YNk

o o N

&)

VL 22

2 =golME BAY AF FETole) ohstel e
Py fEEAT AP FEEAE HERA 42 2
A5 wmsld Hgth Ade] AAugo FEHPL
A ANAPY FEPARCE K=l AP
o Aggon FERHE A SUEPE A
o] Hrp Y& 452 RolFm e FAsgh wd
Ago) e} Aol Hhedl ehde Bzt olsh
e Agdelds] dRERY FETIAAE 1 K=
A4 A4Y B9 FERIL AGsE B wet A
g FEEAS ASSHE Aol fse 22 ¢ % 9
Aok 2L, FEPAE ASY B9l FEAFH o
2t AHEHE FRSA, AAle) ARlN o= £310]
FEFIIE W7 e Be 45Ht 9%
. e % 4% H715e she Aol skl o
AR fEEAe) tze A5EAT, A28 FEHE)
Yol RERIIE AST BFE B A= BaF
Relek

Ha2Z8

[11 G. M Siouris, “Comparison between proportional and
augmented proportional navigation,” Nachrichtentechnische
Zeitschrift, vol. 11, no. 7, pp. 278-280, July 1974.

[2] C. D. Yang, F. B. Yeh, and J. H. Chen, “Generalized
guidance law of homing missiles,” JEEE Transactions on
Aerospace and Electronic Systems, vol. 25, no. 3, pp.
197-211, Mar., 1989.

[3]1 G. M. Siouris, Missile Guidance and Control System,
Springer-Verlag New York, Inc. 2004.

[4] J. H. Blakelock, Auwtomatic control of Aircraft and
Missiles, John Wiley & Sons, Inc., New York, NY,
second edition. 1991.

[5]1 P. Gamell, Guided Weapon Control Systems Pergamon
Press, Oxford, New York, second edition, 1980.

[6] G T. lee and J. G. Lee, “Improved command to
line-of-sight for homing guidance,” IEEE Transactions on
Aerospace and Electronic Systems, vol. 31, no. 1, pp.
506-510, Jan., 1995.

[71 V. Garber, “Optimum intercept laws for accelerating
targets,” AIA4 Journal, vol, 6, no. 11, Nov., 1968.

[8] K. Becker, “Close-form solution of pure proportional
navigation,” IEEE Transactions on Aerospace and
Electronic Systems, vol. 26, no. 3, pp. 526-533, May
1990.

[9] R. R Kumar, H. Seywald, E. M. Cliff, and H. T.
Kelley, “Three-dimensional air-to-air missile trajectory
shaping,” Journal of Guidance, Control, and Dynamics,
vol. 18, no. 3, pp. 449-464, May-June 1995.

[10] B. S. Kim, J. G. Lee, and H. S Han, “Biased PNG law
impact with angular constraint,” IEEE Transactions on

Aerospace and Electronic Systems, vol. 34, no. 1, pp.



530

277-288, Jan., 1998.

{111 T. Feng, “An unified approach to missile guidance laws:
A 3D extension,” IEEE Proceedings of American Control
Conference Anchorage, AK, May 2002,

[12] J. W. Wang and X. S. Xie, “A derivation of pure

[EEE  Proceedings of the
American Control Conference San Diego, California,
June 1999.

[13] E. Duflos, P. Penel, and P. Vanheeghe, “3D guidance
law modeling,” /EEE Log No. T-AES/35/1/01490, 1999.

f14] S. K. Rao, “Comments on ‘Optimal guidance of propor-
tional navigation’,” IEEE Log no. T-AES/34/3/06033,
1997.

proportional  navigation,”

1984 AEef st A o)A 53-8
. 19863 F tig 4k 1993
ekl WhAL 2006 S TAH|E
AARRZET wg. BHERs

Y B fEAlo], FEASFEA.

off Rl oft afy

N & st

19559 69 2948, 19803 AM2dl A
713EE £, 1986 = Wil E
et gkl A71E8 s SA(AAh.
1990\ & &y Ar|Fss SJF
uh). 1913~FA) FAh AR HZ
B owd BARoks AFTIAY, 3

A}
=

h)
Jo

Ao

MO - XMss - AAEZS =2X H 13 3, M 6 & 2007. 6

{15]

[16]

(17]

(18]

E. Duflos, P. Penel, and P. Vanheeghe, “Considerations
about Pure Proportional Navigation,” [EEE 0-7803-2129-
4/94, 1994.

E. Duflos, P. Penel, and P. Vanheeghe, “General 3D
guidance law modeling,” TEEE 0-7803-2559-1/95 1995.
G. M. Siouris, An Engineering Approach to Optimal
Control and FEstimation Theory, John Wiley & sons,
Inc., New York, 1996.

S. A, Murtaugh and H. E. Criel, “Fundamentals of
proportional navigation,” /EEE Spectrum, vol. 3, no. 12, .
pp. 75-85, Dec., 1966.

< o
m =

2007 29 Pk AARR TG
2 gEg HAE.

.



