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Three-dimension path planning and trajectory tracking control for
quadrotor unmanned aerial vehicle

FANG Xu, LIU Jin-kunf
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Abstract: Path planning of unmanned aerial vehicle (UAV) is to design a reasonable path which satisfies task require-
ments according to the distribution of terrains and threats. In order to meet three-dimension rapid path planning require-
ments, a three-dimension path planning method based on artificial potential filed is proposed. Firstly, the virtual force
functions of goal and threats are defined, and three-dimension parameter constraint equations are deduced. The concept of
combination of threats is proposed by us to deal with the space local minimal problem and the oscillation problem. Sec-
ondly, space circle interpolation is introduced to generate the smooth path. Besides, the time domain method for planning
the smooth path is employed because it is convenient to UAV path tracking control. Finally, By virtue of global asymptotic
stability theory, a closed-loop system that is global Lipschitz is designed, which guarantees the strict overall stability track-
ing control in the internal and the external loop. Simulations results validate the designed performance of path planning
method and tracking control.
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(Dynamic model, combat circumstance and

artificial potential field of UAV)
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Fig. 1 Structure of UAV

TWIEPATAL S W FE Fh 2 i ok B &O7 15
0 SR B AR BRI S, K T RN R TR 2 2% 1) 5 A
R EI, ERIE— A A [ BR R R A AR LR
AT EIFHEN L AvkE H 2 e AU R,
T T AU 2 [ g 4347 HE i Ab 2R 10T,

Bk 1 ik, Hhmm s o o S
(7 3R B B AR AR SR AL, H T UART AR E R B
1= S A, BRI DR BB 2, 25 6] a8
YIS AL N I W | Nata S A AL BB i A g0 )

B2  TANHBERMACREIR, B N E G, i
KEHERSENE AR, 5 EEE B b s 18 BN
BRAR O (A BE S, B2 R EH T AW e 5 R
BERE. 2 JUAR] R SF AR ZEBORET, Jo AHL 24 B st 47
AbFE.

EX1
VA) NG|

=4 (A H AR s e A B 51

‘Fatt‘ = ka : Va/d27 (5)
Hrh:d=||p —ng,p(z, Y, 2) N2ET AR, p, I H
B BAARR, ko R51 J1 250, Va RIESME, 517175 A
TN AR ) H AR A
EX 2 = I TN TR Frep
NANV
|Frep| = ke - LV -7~ =), (6)
2 Y RT BL SRR B = 1, R ) AN T o
W3 = 0; LV NBIHEER, SR, kIR, d.



1122 oA R 5 N A

32 4%

R 55 U L 2 TR R, g BRAA s B A

AR B ERVRING, 7 7077 1A RO R [ BN

BT, 24 BN B LRI, 7 R A R B BT v

W, e R ARG b — R T S AL, A8

FEm G EINI, F71250.

3 =% % 2 H 4 K J7 H(Constraint
equations in three-dimensional space)

N T ARUETS AN RN AT, 26 Uik
W HISH B TR W] B TEIE B IA 2 i AT
HESH T =R B R R S B AR T R

EE 1 EETATRHRIGENLANTT L
NI 2 Hi 2 LS ANSE

d2
ko> = |l cos - 1 > /2,
Fy
5 <2+ Eolie o i (g
(7

T AMLRETE R WATHESS, W2 BIA %A d < Ad.
WER2RR. Bp(z,y, 2) OV AET AL HISRONG (2,
Ye» %),

2 2 2,—1/2
d=[(z—z,) +(y—ye) +(2—2)7] ",
VERF, N3], FIRE R 1871, 009 K, x
SITRF S T faEE e A, 51 Fo e, yJ7 1A ) 73

BN
_Tg— T
Fox = d
WFJHEx, yIT A3 &
Frx = axFaxa Fry = ayFaya
., oy NHBIREL, o = min(ox, ay).

Y — Y
HFaua Fay: gd ”FaHa

Bl 2 EAMLp s 32 7

Fig. 2 The force diagram in position p
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Fig. 4 The computation of common center of mass
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Fig. 5 Application of space circle interpolation
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6 &R te e B ER il (Global asymptotic
stability tracking control)
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Fig. 6 Path planning of UAV
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Fig. 13 Tracking error of line segment
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Fig. 14 Input of line segment
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Fig. 16 Tracking error of smoothed path
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8 45 (Conclusion)
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Bt 3% (Appendix)
5 (Pg — Pa)HHIE Pea 30w, WD rAAFx:

I1Pga
Pp = Pg + —BA

[ Peall’

E fAskR: Pg = Pg +HZ£BCH

INEBK G 25, F i bhr Pe =

%(PD + Pg), Ht,

1 IPga IPgc
Pp = (P + + Pp + ) =
2 | Peall [IPecll
P+ 2 ( )-
2 |1Peall -~ lIPscll
HE SR %ldgy = dpp cos B, N
1| IPga IPgc
dgr = ||Pg — Pr| = H (22)
” 1= 3 | oAl ™ TBscl
11| {Pga IPgc
dpyg = dgpcosf = = H cos 3. (23)
2|[1Psall - lIPscll

BA-BC Hoh

28 = arccos ———————, H
IBA| - || BC|

BA = Pg — Py = Pga,BC = Pg — Pc = Pgc,

| Pga - Ppc = ||Peall | Pec| cos 2.
B HPBAH = 01, | Pec|| = d2,

i PBA Psc

oy dpH = *|| + 5 [| cos B,
| |1, T4, 42

H Pga PBC

3
| Paall® 4 1Pscll” | 211PsallllPscllcos28 _
5 52 5102

V24 2c0s28 = \/2(1 + cos 28) =

v/2-2cos?B = 2cos 3.

ES]li
dpn = dpg = HPBA % cos B = lcos’B. (24)
2
_ 25 B dpuPA _
H Tdpy = dpg, % & ¥ Pg = Pg + HP NE , P
dpu P, A
Pg + |‘|3]§ BHC LSS
dpg = dgF *sin 8 = ['sin S cos 3. (25)
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