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Hover Location Selection and Flight Path Optimization for UAV for Localization Applications
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College of Computer Science and Technology,Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China
Abstract A typical application of UAV is to locate ground targets. This paper proposes to let a UAV hover at predetermined po-
sitions to broadcast beacon signals. When a ground node receives beacons from at least three hovering positions,it can localize it-
self. This paper mainly considers how to choose the hovering positions and how to optimize the flight path of the UAV. This pa-
per proposes two hovering schemes,and gives two path planning algorithms for the hovering schemes to optimize the flight path
of the UAV. We prove that the flight paths under the two hovering schemes are the shortest paths respectively. Through simula-
tions, it is verified that the proposed scheme can achieve complete coverage of the area,so that any ground node can be localized.
Simulations show that the proposed schemes can achieve higher localization accuracy by adjusting the flying height of the UAV or
the grid size in the hovering schemes.
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Fig. 1 Method for UAVs to locate ground targets
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Fig. 2 UAVs’ hovering scheme based on equilateral triangle
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Fig. 3 Calculation method of number of grids in x-axis direction,

under hovering scheme of equilateral triangle
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direction,under hovering scheme of equilateral triangle(1)
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Fig. 6 Path planning when m is an even number and number of grids

in odd and even columns is the same,under hovering scheme based

on equilateral triangle
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Fig. 7 Path planning when m=6 and number of grids in odd and

even columns is the same,under hovering scheme based on

equilateral triangle
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Fig. 8 Path planning when m is an even number and number of grids

in odd and even columns is different,under hovering scheme based

on equilateral triangle
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Partial path planning when m is an odd number and number

Fig. 9
of grids in odd and even columns is the same,under hovering

scheme based on equilateral triangle
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Fig. 10 Connection method of the second and third columns when
m is an odd number and number of grids in odd and even columns

is the same,under hovering scheme based on an equilateral triangle
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Fig. 11
of grids in odd and even columns is the same,under hovering

scheme based on equilateral triangle
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Fig. 12 Path planning when m=7 and number of grids in odd
and even columns is the same,under hovering scheme based

on equilateral triangle
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Fig. 13 Partial path planning when m is an odd number and

number of grids in odd and even columns is different,under

hovering scheme based on equilateral triangle
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Fig. 14  Connection method of the second and third columns when
m is an odd number and number of grids in odd and even columns

is different,under hovering scheme based on an equilateral triangle
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based on equilateral triangle
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1. fly from Po.o to Po.2ca—1) 3

2.1f m is even then:

3.k 1

4. else

5.k *—Tl;

6. end if

7.x <03

8. while k>0 do

9. fly from Py.2cn—1) t0 Pyti2ca-1—13

10. fly from Py+1,2(0—1)—1 10 Pytz,200—1) 3
11.x «x+2,k «k—1;

12. end while

13.if m is even then

14. //now, UAV’s location is Pm—2.2(n—1) 3
15. fly from Pp—2.2(0—1) t0 Pn—1.260—1)—13
16. fly from P12t 1—1 t0 Pa—1,20-2)—13
17. else

18. //now, UAV’s location is Pu—1,2(0—1) 3
19. fly from Pm—1.2(0-1)t0 Pu1.2c0—2) 3

20. end if

2l.x +=m—1;

22.if m is even then

23.k'—%71;

24. while k>0 do

25. fly from Py 2a—2—1 to Px1s

26. fly from Py.1 to Px—1.0;

27 Aly from Py 1,0 to Py 12023

28. fly from Py—1.2(a—2 t0 Px—2,2a—2—13
29.x =x—2;k «k—1;

30. end while

31. else

32. k *mTﬂ*l;

33. while k>0 do
34. fly from Py.2(n—2) to Py.o

35. fly from Py to Py 1, 13

36. fly from Py 1, 1 to Py 1.20-2) 13
37.fly from Py—1.2c0-2—1 t0 Px—2.2c0-2) 3
38. x «x—2;k «k—1;

39. end while

40. end if

41.if m is even then

42. //now,UAV’s location is P1.2(n—2)—13
43. fly from Pi 2a—2)—1 to P1.—13

44, fly from Py, to P03

45.// Complete the flight;

46. else

47. //now,UAV’s location is Pz.2(n—2)
48. k #n—1,y +2(n—2);

49. while k>0 do
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Aly from Py.y to Pry—13

—

Mly from Pry—1 to Poy—as
yey—2,k«k—1;

. end while

. //now,UAV’s location is Pz,o
5. fly from Py,o to Py, 13

w

[S2 NN BN S2 BN &2 BN
> o

)

Aly from Py, to Po,o;
. //Complete the flight;
. end if
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Fig. 17 Path planning when m is an even number under hovering

scheme based on square
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Fig. 18 Path planning when m =26 under hovering scheme based

on square
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Fig. 19 Partial path planning when m is an odd number under the

hovering scheme based on square
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Fig. 20  Connection method of the second and third columns, when

m is an odd number,under hovering scheme based on square
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on square

IR R PR AR LR O 2L AR SCHE SR 2 s T AR
BETIET R EAS TR T EANM 728 AT,
k2 WTIENIENEETRTREANR ITHR
1. fly from Po,0 to Po,m 13
2. {ly from Po.m1 t0 Poy 1o 1
3. {ly fromPr—1.m—1 t0 Pn—1.m—2
4

.if m is even then

S.kh%fl;

8. end if

9. x =m—1;

10. while k>0 do

11. fly from Py -2 to Pyos

12, fly from Py.o to Px—1.03

13. fly from Py—1,0 to Py—1,m—2

14. fly from Py 1,m 2 to Px2,m 23
15, x ~x—2,k «k—1;

16. end while

17.if m is even then

18. //now,UAV’s location is Py, ;m—23
19. fly from Pi.m—2 to P1,o;

20. fly from Py, to Po,o;

21.// Complete the flight;

22. else

23.//now, UAV’s location is Pz.m—2;

24.k‘—m773,y‘—m—2;

25. while k>0 do

26. fly from P2,y to P,y

27.{ly from Py, to Py.y—13

28. {ly from P1.y—1 to P,y —1;

29. fly from Py y—1 to Py y—23

30,y ~y—2,k «k—1;

31. end while

32.//now,UAV’s location is Pz, ;
33. fly from P,y to Py.,1

34. fly from Py .1 to P20 s

35. fly from P2, to Po.o;
36.// Complete the flight;
37. end if
4.2 BEMWHRMLES T

MTHETEFTEMEANBSE TR 4.1 WHHTEAN
HURATEEAR . T IHAIED] 4.1 W4 B AT R & A
BT R IR A R AR

EIE 2 METENBNEET R P41 WM AT
A R 23 BT A A5 Y e R A

UEBA < 2 o S A R B Sy A i ey 86 K L [T 8%, BT LA %
”XW1@%E@LE’J/«&%?%{7£E’JAM VA us A, B 2%

B B R A T AR B K o BT 3 7 A =2 1) 1 e i

BEHERRKE L=uxXd, XMFEH1, %?ﬂiﬁﬁ;ﬂ‘]%
597 T m BN, AR SCHR Y 9 T8 AL AT BR AR D d S (o]
A,

L om A EOR 0 A AR R B AT AN ws H S m
o BB AT B[R] S ARG B0 AT — SRl R AR 4T
PO A% B A T 45 T IE 7 JE RS X K8 R, AR K
ERHETMENAK, TUBIARERKE L=(u—1 X
d=+R., T HAIE W% B AR KB 0 fi S AR IS B

AR BAFTEX M — S5 B2, HK Bl o X d, BIME R TR
) A R A6 T AE 7 T RUAR YL B TR e —
oA AR SR TR, A T A 22 8] 9 3% 4 S 30, 4 R A% 1 M el



352

Com puter Science TEHLFL2:  Vol. 48,No. 11, Nov. 2021

FRGARE Rk m A, T TFIET RS R —
AEE R AT A B 8], 24 IR RS 1 L AT R e, g
B R 4 A B o BT ) Bl Ry B Ry 6
Ml 25 BEUEN A 1 0 1F S 32 2l B 45 . ELAG) B Il 6 , Dl B &2 mp
A5 2H A I 18] 1 300 1) 2% 80 SR S AR TRT A, B o Bl 1 67 7 A
5 1) (4 32 1) 2% BOR AR R, B0 5y 0 E 6008 A4 1) 14 1 1
SBRMFEN R 0. TE 23 iR, Hpny= 5,0, = 3,
AT 75320 B9 4 B0CR 2 X (g o) 5 B A5 5L 30 B 2 B B 4L
T P 488 JR 00 [ 3% 1140 300 1) S B0 5 TR A M B, BV AR TE R
N onXd B AR W R TS AN BON R, T IE ST
HIRASE TR 7 o BOT IR y Rl T7 i B s A B o A
B B A5 B A BOR A 5, 5 SR T AN B 0T I B
WARBA. . BT m BAEER T AREERER nXd 1
B AR RUSR A B AR P AR R R E R T S, &
RTHAMBKMBWREN L FTUBBEKEN L=
LotLi+L,+ -+ L+ —Fk)Xd, k>>0,Lo, Ly, =,
Lo Fds AT IEF B NEBAEFET A s Z B B
Z MR I o J I BE B O DE R AR I X R K R,
Bl L=k XR+(n—k) Xd, AR k>0, T L AXR+ (n—k) X
dZR+n— 1D Xd,# L=R+m—1)Xd, TEEEETET,
m A B AR SCRLR B9 AT B AR KO O S U M EUE
AHAE BTG TT A5 AR SCRLRI Y AT B4R O IR T B AR L 25
Lo R ATEOR m R A KRS 4 5 A 35 A I U I AR L ARIE .

——>r———>——>

Kl 23 T IENTERBATIT Zvi, BN i J B AR B L 3 1 28K
ogliE e
Fig. 23 In hovering scheme based on square,when the path is the

shortest path,the number of sides is even
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Fig. 24 Influence of UAV flight height H on localization error
and UAV flight path length
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Fig. 25 Influence of the size of the area to be covered on the
localization error
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