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Proportional Navigation-Based Optimal Collision Avoidance for UAVs
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Abstract : Optimal collision avoidance algorithm for unmanned aerial vehicles based on proportional navigation guidance law is
investigated in this paper. Although proportional navigation guidance law is widely used in missile guidance problems, it can be used
in collision avoidance problem by guiding the relative velocity vector to collision avoidance vector. The optimal navigation
coefficient can be obtained if an obstacle moves at constant velocity vector. The stability of the proposed algorithm is also

investigated. The stability can be obtained by choosing a proper navigation coefficient.
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Fig. 1. Geometric configuration for the collision avoidance between
two aircraft.
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Table 1. Summary of PNCAG algorithm.

Do while (Aircraft is not reach the goal)

Calculate the relative velocity vector

<

If (Relative velocity vector is out of the obstacle cone)
Navigation mode is initiated

Else
Collision avoid mode is initiated

End

End
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Fig. 2. Geometry and associated variables for convergence analysis.
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Table 2. Simulation condition.
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Fig. 8. Simulation result for the case III.

vLdE
AF7A WAL o 88 FEI YuBL A
A, FHEAES o £3ke] AH F4 A% Fahelet. 8
A ) FRAE A TN RAT ) A8
el 0] A48l S5 A5 o179 A
1PE2 0lg e FEANEATYOR FYH T
quﬂo%ﬂéﬁﬁﬂﬂﬂ%ﬂﬂﬂdmgﬂ
Aol o] 9129} &=t AR A 3717} v §- Bl st
Mo Aok Ed § 7ol Bol2 ﬂﬂﬂﬁ“J”Jﬂ%é
ANTO.Z FASIITE 14 o}e $1k o] 7)1 Aeke A )
£ ol gahw A7 A7 7)5e) Tbs stk 3ol ek
o) AWE Halw 3344 PNl S5 AuYEE
%aﬂAQOﬁoz{wu%zw ool ol Aol
A AZ PFHOR FES INT Ut BAE A28 5
slo2le zta),

o
lo
c

[
—

no r_g,_o,
10 o g
oX R g wS my ook Ok

e o w

l

Anzs

11 ©O. Khatib and Burdick, “Motion and force control of robot
manipulators,” in proc. IEEE Robotics and Automation, April
1986, pp. 1381-1386.

[2] P. Tang, Y. Yang, and X. Li, “Dynamic obst-acle avoidance
based on fuzzy inference and principle for soccer robots,” in
IEEE, 10" International Conference on Fuzzy Systems, vol. 3.
IEEE, Dec 2001, pp. 1062-1064.

[3] D.Rathbun, S. Kragelund, A. Pongpunwattana, and B. Capozzi,
“An evolution based path planning algorithm for autonomous
motion of a UAV through uncertain environments,” in proc.
IEEE Digital Avionics Systems Conference, vol. 2, 2002, pp.
8D2-1-8D2-12.

[4] C. Tomlin, G. Pappas, and S. Sastry, “Conflict resolution for air
traffic management : A study in multi-agent hybrid systems,”
Trans. IEEE Automatic Control, April 1998, pp. 509-521.

[5] K Sigurd and J. How, “UAV trajectory design using total field
collision avoidance, ” in Proc. AIAA Guidancee, Navigation, and
Control Conference, August 2003.

[6] A. S. Murtaugh, H. E. Criel, “Fundame-ntals of proportional
navigation,” IEEE spectrum, December 1966, pp. 75-85.

[77 C. D. Yang, and C. C. Yang, “Optimal pure proportional
navigation for maneuvering targets,” [EEE Transaction on
Aerospace and Electronics Systems, vol. 33, July 1997, no. 3, pp.
949-957.

Appendix A

399, 6,8,y Aol BA.

Fig. 9. Geometric relationship of the angles.

CEDER
sin¢=Ry—T, cos¢=RiT (36)
w3

. '+ Ay

sin{ @+ Ag¢ _ I
(6+49) R T AR, -

x+Ax

COS(¢+A¢)=M



1070

s} 2tk wef Ag 7h - 2k i

sin¢+A¢cos¢=RL[1+£—%J
y T

T

Ay =

rel

°]B 2 (395 (38)° Wiy st Aelsha,

¢ _ { e ST, RT tan ¢j

R.cos¢ R

& WEac v 2

R
siny =—2, cosy =

RT

olm &
R

sin(y+Ay)=—"—
R, +AR,

cos(y+Ay)=

o BAE QA Dt A7IA FA] Ay 7L 5

siny + Ay cosy :siny[l
2 985 Yok oAl gea
R
y=——Ltany

@0y (44yE 3t Aelstd

O=¢+y

= | Yt Wt &(tan $+tany)
R,cos¢ R,

Atsiny,,

T

RT

Ri—R;
R

T

(R, +AR.)" —R?
- R, +AR,

2% i

_yg

(%)

(39

(40)

1)

“2)

“3)

@4

5

HO - XSz AA-SsS =2 M 102, M 11 & 2004, 11

B0y Sy, Aol A AR

Fig. 10. Geometric relationship between I/ and ¥/

rel

2% 10004

v, SInAy, , =vAwysin y (46)

rel

T—A
V4 =—{¢//re1 —(//+—2—W}+7r——Al//re,
A
__+('//_,//re1)—(Al//rel —TWJ

. A
sin y = cos{l//—«//m —(A Vet -7'//)} 48)

. A
=cos(y ) +sin(y —t//,e,)(Aw,ez —7"/)

@7

o @A o] AEgct vk Ay o Ay, 7 2t 71
3lod (48)%_—(49) hste] 9,

vrel A l//rel =vA ycos (W - l//ml ) (49)

o] #ANE A "} o7 9449 FHEAf B oL
At > 0oz ¥,

Ve = VLCOS (V/rel -y)y (50)

rel

19641 24 20¢ 4. 1985 A-dst
}EF S F(F AN, 19879 A&
3 TEAESTHAD. 19929
Texas A&M University &3 9-F3 %+
. ZHF LAY, 19921~1994'd  Naval
Postgraduate School Research Professor. 199411~1999d &t
FEFAFLE AFY. 1999d-2000d FdH st @
2001~ A di‘#@ﬁlgz 2, BAE k= AFHA
Ao, F-A&F 7] v g A o] Al 2|l A, A7)0k &,



