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Study on 3D Collision Avoidance Algorithm for Drone Strike Prevention
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Abstract : This paper describes a study of 3-dimensional collision avoidance algorithm to solve the *Drone Strike’
problem that can’t be solved by the 2-dimensional collision avoidance method studies in the previous studies. The
principle of the algorithm is derived by deriving the relative velocity vector in a direction that can avoid the collision
geometrically. Through the simulation, it is confirmed that the drones do not collide with the aircraft by performing
collision avoidance algorithm.
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Nomenclature
V| : critical engine failure recognition speed, m/ s T, : tangent vector of the drone and the prohibited
Vp, « rotation speed, m /s area
V2 : take-off Safety speed:y m / S Rr (Z ) . distance between the aircraft and the drone at

R+ r : prohibited distance, 1m any time ¢

(X, Y ) : coordinate value of the tangent vector

Subscripts T in the local coordinate system.
(X,1.. Y,1» Z,;.) : coordinate value of the tangent

—

P(t) : position vector of the aircraft at any time ¢

—

vector 7’ in the global coordinate system.

Dj(t) : position vector of the jth drone at any time ¢ .
T(t) : collision avoidance path vector of the jth drone Vi, : newly set velocity vector of the drones.
at any time ¢ (?— 7;)
Vd) : velocity vector of the drones
7(; : velocity vector of the aircraft LME
7; : relative speed vector of drones and aircraft 2) =& (Drone) > Abgo] B5aHA] okl A7 e
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Fig. 1 Aircraft and drones in take-off situations
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Fig. 4 Collision avoidance flowchart
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Fig. 8 Set new path points for collision avoidance
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Fig. 9 Collision avoidance algorithm flowchart
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Table 1. Simulation result

Situation] Situation2

avoid_countl 6 1

avoid_count2 0 0

avoid_count3 0 0

20RO Ak, 3 A PHR el

FE3)97} 63 Aol 7)) £t
2] Feof vl whar) wje], A= FE2 o
£ AE aleisinh. = i delMs $E3

I 7F 13] dofwARE 919 22 o=, 1 o
3|9 E 3HA] YotE = *EEM o] o]
UA] oFobA], AlE#E 0] A-E o]oj s AE BRI
o we] 78 (1) 1 A3E BojF T

XY graph

600

& 400 |\

200 S

: 0 500 1000
YZ graph

XZ graph
600 600 | S
400 / 400 g
/& e
200 / \ 200 ™~
\
0 0
0 200 400 600 0 500 1000

Fig. 11 Simulation2 result




Study on 3D Collision Avoidance Algorithm for Drone Strike Prevention

4. 2 E

ME~-EE7IX2| Lig2 S8l 7|E2] 2AF=I0IM

o| % . Fol| B sl BT 25104, 3x}20]
Me| EE8lT] 2T2|ES 017 . MOl =UCH
ol YTEES BHIylet =2o| BT, Flaksst

S= 0185101 MeksIict 11 &t o= st
O=F gEV(et EE0| HIJS sl U= &-0] of
L2IH, o] 1R EE SohiM SE5| =8 AE2|0|
EX|=E2 EolAlsg E5l0f 2 = Q1 EE
2E2p0|39| gyt FE S0l &f2olM 0]
22|F0| o RSk HE & = UCL

[l

z 7
A7} S, 713k 122 o EAlE A S v
o= el BTG LAS HER, /)R] F9k
A1, 1716k Slel e s e S5 )9
WS program© 2 AL S49S ), et @dole)
W ek, B adrdsite] SR Q1sted, Hie)
Wsko] 2o ¥91 31, 1AL S Ask= o] Aite]
scale: Z1ok ATh= Aol AT, 127] wji,

A= g9 B2l A7), 8 vt oA
5 Alele] A& Fofobet ggrich A
7ol Al S} ]S

Afole] Al g ol AEg
o] 7 EE R ARE ERLUh
W8kt olF 212) o] Zlo] ofzk obsl el L
A7} matlabo] opd Th2 £ F3hd 2 1] F2
A A& 5 1A gka7t shs A7kl SEY

o, AR,

References

— Fedral Aviation Administration , FAA
Releases Updated Drone Sighting Reports,
https://www.faa.gov/news/updates/?newsld
=87565, 2017.

— Si—Hyun Lee, So—Hee Moon, Young—Hyu
Oh, Kyung—Sik Kim, Yoan Sin. “A Collision
Avoidance Algorithm for Autonomous
Drones,” Proceedings of Symposium of the
Korean Institute of communications and
Information Sciences, pp.428—429, 2016.

— Su—Cheol Han, Hyochoong Bang.
“Proportional Navigation—Based Optimal
Collision Avoidance for UAVs,” Journal of
Systems
Engineering, Vol. 10, No. 11,
pp.1065—1070, 2004.

Control, Automation, and

— Boeing, http://www.b737.org.uk/vspeeds.
htm, 2017.

— Su—Chel Han, Hyochoong Bang, “Near
Optimal Conflict Resolution Maneuvers
Study for Multiple UAVs,” KSAS Annual
Conference Proceedings, pp.1157—1161,
2003.

— Jong Tai Jang, Hyeon Cheol Gong, Joon
Lyou. “A Reference Trajectory Generation
Method with
Acceleration Condition for the Curved Flight

Piecewise Constant
of a Drone,” Journal of Institute of Control,
Robot and Systems, Vol. 22, No. 3,
pp.233—240, 2016.

- FAY, 7] AAEE (2017). =89 V=
I FF 200 AV AAAL 66(2), 19-23.

Transactions of the Korean Society of Automotive Engineers, Vol. 1 , No. 1 , 2017 7


http://www.b737.org.uk/vspeeds

