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Figure 1 (Color online) Construction of coordinates systems for
monocular vision based collision avoidance.
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Figure 2 (Color online) Typical scenario for monocular vision based
collision avoidance trajectory planning.
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Figure 3 (Color online) Local bearing angle based collision avoid-
ance constraint condition.

AL RN T A RE S, T AN G E
T35 1 S, DRIk, 6T JR3 8 7 57 £ 110 Tk [ 240 SR 2% 1F 4%
=029 30w, H, REOH T XA TLEANE
BEE RS A7) 2 1) W] REAFAE RIS B8 115 L.

5 = |angle( LOSobS,Of’)‘ > 1, (29)
angle( LOS,,,,OP) < % (30)

BT A SO e A WL A A 5 s AT 50, fRide T
T HUARZN S5, A SR % e 1 TE AHLEN 71
AR FEEARER/NEE . B R DL AR
FH T VR Bl 3k BT R0 1 B — B o 2 P B 1) 3 2 AH
[E) A, BRI TG AL T AT e s e ) < B 3R AT 3R A,
TN R EE ARG s, T AN S 42
Al DU R th Ze i)l 2Rk 1T, Rl AR 3 42 20 st
K32 R, HkRs MRz, RN
BLIR 325 47
Lo <1 <1 (31)
k>r,. (32)

4 FTIRE I L A1 ek

VR BN AT Al 10 i A 8 AR T R T R AR RO 4%
i, BRI LN (A B AL PR, B0 B — BN %1,
P2 BIPPR SRR B A ARG AR, ARG AR AN
R I HARAN LIS, T R DI 9136 1o A 2SR A



PEBE: FARRE 2021 4 51 % 9

PAC RS, R — SRR 2R E R X — 1 R,
BE I Z O HERE TR . H TR SN AR I R
LR Sz SR 2 T2 N, T BUk R
By BURRGZ R R BRI, A SCR TR B ) A8
Xk B P B R e AT AR, AT SR E— 2%
ARk 4 Ja o DG ) T e 2, 22

4.1 EREHLE I ik

SO TN AT H R, BRI ANL
HPRE T RE AT ITAUR R A

anV xuav
yuav yuav Xuav
. =A +B "
Fuav Xuav B{yuav
yuav .)}uav
e g X (33)
10 At O (Ar)“/2 0
A:() 1 0 At B = 0 (At)Z/Z
00 1 0Ff A o |
00 0 1 !
0 At
ﬁ\:l:':lxk :[xuav yuav xuav yuav]z%kH¢§U%éﬁ%%§

)&, RNk Z0TE AHLAE 4 R T S AL bR &R A4 B AT
W u, = [ £y yuaVE%kﬁﬁlJ,%é}EE@iﬁ)\ ] &, Ko~k
i ZITC AHLAE 4 Ja i AR BR &R R HOINIESE; KGR
FEJE H AL

SRR S AR BRI 2 &A%, R R S8
A MG, DL H b R BT, 38 37V B B i e A s B )
R 2, R (34)rw~. Ho,

z e fmeeLOS o (1. 0PIy 34 iy {3 B 86 0058 7k 1

UZHMH}]U%I MON FR R R T LAY PR B e 0 A
H, 2NN R TR, X, 9
mit} Z ) 2 G2 (30 25 20 A5 REXS mej it 2 3 SR A 1
.

/.
minJp=1/,+)e 4 angle(LOS g1y (1). OP()|
m>*m i= 1
Jes (34)
st Km+j+1|m = AxWHjlm +Bum+j|ma
' vji=0,1,.,T-1,
— = =  _ . . T
Xprom = Xmjm-1-%1j0 = [%0,Y0, X050l > (35)

eU,Yj=0,1,..,T1. (36)

m+j|m

RGBS LRI AT Ll S (33)#E, #I4h
FAFFT LB X ES)#E, HEANB) LR A B
AN(32) B 2 42 1 4 A\ 3(36), =4 AT 2 B B8 P B e i
—IZIHAAR. m 2B REREFIN

TE SRS SSTRONIG APt SRS a8 I VAN R I

{um+0|ma um+1|m’ oy Mm.;.Tfllm}y}jEIﬁﬁijJ%igﬁﬂiﬁ%%j?
i 3RAT. anElARTR, A N PP I HERE S IR F), 445
FIBAINILFBxg, X1, = Xoys X BCEFIE H 3.

4.2 JREEHLRIEE AL
HI 5 H L Bk = 42 R RS M RE 0, AL
PRI A R e L AR R LI, ARSI 7 BRI
PR R IR RV | 9 1 B Lo, BE T 41545 2
— SR LA Ry de DL e LI
AR X DR &S5 Py, Py, P,=
AN, BTN T =B ESPR.
XL 2 R EN AL, A SRR 5 SEARK
PR — AT B, BISRAR 55 m BUEE ) Po N RS
HE5Hm-1BHIP,, Priny A—H, KEHEmBINILH]
PllﬁHﬂ%EE%mE@?}LﬂEﬁPo,ﬁ DA Sm— 1B P, A
oy, DA, I RIRE. M REh A s, Wy

B4 mILPERFIIRHE

Figure 4 Combination of optimal trajectory segments.
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Local-bearing-information-based unmanned aerial vehicle collision
avoidance trajectory planning

ZHANG ZhouYu', CAO YunFengl & FAN YanMing2

! College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2 Shenyang Aircraft Design and Research Institute, Aviation Industry Corporation of China, Shenyang 110035, China

Due to its low cost, low power, and non-cooperative advantage, monocular vision has become a crucial solution for enhancing the
Sense and Avoid capability of unmanned aerial vehicles (UAVs). However, due to the restricted optical measurement properties of
monocular vision, there are drawbacks to monocular-vision-based obstacle perception; namely, the capability for obstacle range
information perception and global obstacle perception is insufficient. In this paper, a local-bearing-angle-based trajectory planning
algorithm is proposed for UAV collision avoidance. First, the observability of monocular-vision-based obstacle range perception is
theoretically analyzed. The local coordinate system is selected for collision avoidance, and the bearing angle is selected as the
observation. Second, the problem of UAV monocular vision collision avoidance trajectory planning is mathematically formulated.
The quadratic Bezier curve is selected to model the trajectory, and the trajectory planning problem is transformed into optimization
based on a single objective function. The collision avoidance constraint based on the relative bearing angle rate is designed, and the
collision avoidance trajectory segment is optimized on the basis of the bearing angle observed within a limited time period. Finally,
the receding horizon is adopted to optimize the trajectory sequence, and the sequences are connected to formulate the near-globally
optimal trajectory. Simulation experiments reveal that the collision avoidance trajectory planning method is capable of avoiding both
static and dynamic obstacles. Compared with global-information-based collision avoidance, the convergence time of the method
proposed in this paper is reduced, and the near-globally optimal trajectory can be acquired in real time, which is in accordance with
the perception capability of monocular vision.

unmanned aerial vehicle, sense and avoid, monocular vision, receding horizon, trajectory planning
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