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Autonomous tracking guidance of UAV based
on airborne photoelectric payload images

FENG Yu'?,SUN Dan'?,PAN Deng'?,GAO Dong'"
(1. National Space Science Center,Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049 , China)

Abstract : In this paper,the autonomous trajectory flight of UAV's with visual sensors along a designated path is stud-
ied. To unify the target points sequence in the path planning of different shapes road sections,an algorithm is proposed
to determine the target path points based on the minimum angle between the vector projected by the UAV's speed and
the vectors of UAV's gravity center pointing to each candidate path point in the image. Firstly,the path area is exacted
from the collected image ,the middle line of the path is exacted from the image level,the image is rasterized and the
coordinates of the center points of the path middle line in each grid is calculated ;then,the angles between the vector
of UAV's velocity projection in the image and vectors from the centre of gravity the UAV's to the centroid of each path
is calculated ,and the centroid corresponding to the smallest angle within the constraint is selected as the local target
point. Paths containing different shapes of corners are designed to test the effectiveness of the combination of image
processing methods and the path guidance algorithm used during the flight of the UAV. The flight results show that the
proposed method can meet the UAV's tracking flight requirements, and the trajectory deviation error is less than 0. 1
meters.

Keywords : UAV ;image process ;target points sequence ; tracking flight

E2W B At BRIz ARk A [ R 500 = W J 0T H (No. Z191100004319004) B3 8j
EEE TS (1996 - ), 55 AL WA, EEWRIT A TN A E WA . E-mail :15101647133@ 163. com
BIRAEE /1 AR(1978 ), 53 WIWFSE B, A A i, 2 2EWF5E 07 10 QAT 28 AU S 542 HR o E-mail: gaodong@

nssc. ac. cn

7S H 27 :2022-03-25 ; &1T H #5 : 2022-04-20



e 5 4 Ah No.3 2023

o FAE ETHLBOER BN R A ML A EEL S5 465

1 51 &

UTAFER , B W A TR A RR: B e A R R i
PR, TEABILA R AU AN W , AT AT 55 o B
Bl BT 2GR EERL A 1 AR G TG
KL BORS B B RS AT A R 77 A= B3R |
HEAR LRI SF I BE, JE U AL A AT IR AT 55 1
Hehit

SCREMTSEAE B AR SC I AL B B ETIE T,
FT IR B AT AN € A T A
A B AR 5 o Herp SRR A IR SIS IR R4
P (5 R IO AR (0 2 i £ 8, 5 2 T AN 0 6 A
BURRNS T A2 B R A5 00 2 52 I Jm 8 A g A8 i A
b, BN H AR S50

[ PN BT XS T ABIL R e A2 LR R AT 1 AT
I MR A HFCRE R, 0 Gk A e
ORI o ARG AT SR ANk
N TR S B R AT BAPITIE S H B E R
Gl A RS 1 L RE N A R RN S i3 R
R AP GEAR B, MR AE PR BT P AR S AT
FEAERLR o

BB EEAR RN RE T S 2RI h S R R A
fe, AR THRANA EMEE ATis. RTIA
BLE B A S 2 R AR S JC LA X H
PRERARAGOL B 22 , Bl € 5 148 S B IR 2E . SCRR
[4 32— T Hu AR PRE H% , DERCR AR
PR AP 5 BURIASE AR, AR DL E 405 SR DEA T s A L
1o SCHRLES ] R OpenMV SR A1) RT3 TC AL
AT 22 , 45 5 FLAb AL i AT 2 B, il o
BV E B LR AT LA, T AL T 4R
(AT WS ISR Y57 S e o < E VR ) e

HATTCANL A F9RE AT R B AR LRI S A
LR TAT GE— (B AN TR T2 AR S B AN493 A1 1) F A i
f R ABARIR 7k, 76 5 1A DT JC Y L At 38 6 7
(452, AR S AT X7 B O 22 FHIB AE, T figp ok
X — R FEIEIL AT ORI, AT B i
AR B RE BRI (R, 7RSI B A ) £ BT 5
WA ALK Hh ] £k 23 B, I3 45 Boh R R iy vho s
AR, RIS B AR L Y AR AR 5 23 B S )
PR AR O R S LA AR R P B K

Iy, B /NI £ X LY B A PR L R N R
FIARE AR A o 1 RS 5 1) F AR s 0 2 i o7
BT | A S AT, () B,y T G B 1 E B
R AEAWLEET AR 52 1, TR A 0B X3, K F AR i 9 TR
TEMRIE XN o BEE T A5 A T AR 5 4 0 B AR 2R
5, IC B & 7 A8 o EA TSR S E . K
FrAR BB A S5 R A R AR A2 A e A
WAL T A EEE CAT R TR AR OR 32 T
AR BRI AR
2 MESSIHE AN CITIES

T NHUAR Z 58 AT R AT GO I
ox, FIETT AT HLAIN RIS 15 LK, oz, BihIE Ty 1) 4
LR IE T 7o 0z, vox, Fl oy, A AT T2 07
Xt T B R AT S, SR S AL
AR T AT AR AR AR R A o

z
P EAA A R FR
Fig. 1 UAV's body coordinate system

BB bR & (AN1EL 2) OUV - s e IR 2
b, OU S PA5 T G KA 10 47, OV 3l P17 T
BRI\, o

| (uo’vo)‘ |

> X

<

"E2 g R R R R R R
Fig. 2 Physical image coordinate system and digital
image coordinate system
ZHEEC)Z TS A AN 2K, 53500 R AL
B AW o R PR, iRl 3
F7R o
X FUPUESE RITAR B JIF I RE A



466 i IR AN %53 &
oy KGR S ) 2 7 7
V:—%Re + ge _PX__ Vy
(1) b - [Vy]
O =Wo (3)
]cZ)Z—a)X(]w)+GT+T (v

Hrp, P oRIE AN E 65 VT AHLE R
e JIFATALAR R D By ) A B 1) i R 2 EA
PUAR Z B A2 G 6 P 5 w 2 T AL 7
AT @ FIRTEAML LS WIRIURES
FAR AL S ML A B 2 (R e 3 5 0 R T
AML=Fh s J FRoR TN 6, &
IRBEIR R 7 Rom SRR, A& i gy & T A
ﬁ”:'}(:

P =[P, P, P,

V=1LV, Vv, V1"

O=10¢ 0 yl"
r (2)

WEmUA SHEBE

ﬁﬁg\

WG
i1t
R et 7y

W

Etilbg

piakeeliul g
ek E

i 23S

BRI 154
B3 ABLGAE
Fig. 3 UAVs' cascade control
TEVRBE AR A BN AT ST, 2 &
WY, % B e 07 REBE TR AL AR B AR N Bl ) 2
ﬁ*ﬂfo

Vy cosyy —singr 0 1y1d
_f/y___g[singb cos(//][_l 0][0]
0, 43I FR TE NHLITR S iy D 0

LA o
1o B AE B ) 2 T

P v,
. (4)
{szg_u
m
AN TIIE YN 8
0 =w
{, (5)
Jo =71

FEXT(3) (2 (4) FI(5) Fom Ll R
BB PID $adfild o #E i HAR R IH RS 5 5 AL
WERIRZE N 0, ZHEE CITHE RIS RLE,
Ha4 iA(ueR,reR’),6 Mai(PeR’,
0 eR’),HItZies LAEMRE 4 MELS (P,
R0, e R ), FBANWIES (WBRERKM b, e R,
WM oo, e R)MWBEMERS P, =
[P,y P,y P,,)" FHIERmNA ¢, e, B,
TE AN Bl ) 5 5 AE F 25 109 22 A6 1 0 1 28 i
s -

M ARATAE 55 A FEIR I AT 48 [n) 0K, 2
JREFETC ALY RATRTHE Ty [ A2 48 2R 5 PR
ST s 1 A, RIS D5 O Qi A A K R R TE AL
T 1) RO ] 5 1, DA 1 2 PO A KA TSR AR PRAIE TG
AMUAE/INE S A AT B TP oA R AL bR R S5 HITY
ENENS LY N S S O R NG| Aoy (= K o (31 8
HAR BWIRB 24K R 5 AR R AT, 807
R A b5 22 10 A AR 4 28 A s 2R (M) S R AR
faifbo FETUCHTEE , 28 TR e H AR S ik
3 fRiEHRRIRE

X TG AT, RS —TE T8 T — ) %)
Y E AR AL, BRI AR A X T 2 i B 2 7 B R A
FEHEIAPLRE R & RS B T,
H bR s R T4 R 25 B TR0, K B AR A 2



e 5 4 Ah No.3 2023

A SETHLEOLH AT R A T AL A G5 467

[ GRS
3.1 BAEBRIR
SR 1) R AR IR (R A W) A AN [R] A A% X,
R T ETAEEE f s AT RS O RGB A8 =K. BRARHRE L
ik Z—JE RGB BUREEA5A J BE 18], AR AR AN ] K
FEST AT —AH I B S SO SR, F R
R, — M AL , B N B KNSR
B8 0, 5, XN L, MR AMNAL, 32
PBRARAR a1, T R IR A 0, T Z2 A 3L,
B2 E AR S BT, I B 5805 TR
SPATEAS , AEAL NS, AR AT R FEN T .
TR R R E ARG B R IR E %12 RGB [H{H
T BRI AR R EAN R R S5 —
WEFRONTE F T E LR T, 7R 38m kA B EIE
i, FEBRARKT N AR 3R S =l A RGB R A2
rim S R <7,
Guin S G < G (6)
b, <B<b,,
B I OG FR PR T AR DI
3.2 BESRBEH®
TAHACI S G, AR A E X,
T B R X B R A B h
Ny
TARLT
O A2 B AR TR I — 6 & 5
Q¥ % 2 20 Ak 8 £k, f T T ok g qE
Qb3
BRI N R B B850 50 M ox N k5,
W10 x 10, 73S /INE IR 3R ol SR AT
R AL R 2 T A AL FR 5
@7y H 45 s i AR AR B o
AU 22k — B AL 38 A L5 r i A28 DX I i B i 0o
IUMEE RN & LR R SE R AR
PR o BB AR U B R 48 30 rh (R) 2R B 3, X iz R
oh R T AR 2K
JE R TRIGIE S0 B], 4570 B WG FE 4
G A BT CHRAE, 45 TR K/N R 3 x 3, I s TE
ol UGS E R 2549 JT TR N 5/ T RE 2R 1) 75 5
LRI — NI B A U T . 454970 B
A Listy, E B (R SRR Vi) A (1R TT
R RO HES . T8 B RS TTER A

AUE AR A RERESE 2t B, MERHZ AL BRI B
AW —PIuE; AR AR R ST R . A
JESCANE B XF A B JE
A®B = {z| (B), C A (7)
B ] O FoRIE At B B XIS A B
MhZE RN 4 (e) FTR .

| [ [ [ [ ]]
O O
EEEEEEEEE NN | (O] |
NN
] ] =
(a) BRERA (b) 4514 7TB
T T [
ENEE NN
EEEE NN [ [O] |
EEENEEEEN NN
EEEN EEEN L
© HRITESTHE @ R St

[ [ [ ] FE=

[ [ L[]

I ]

(e) GAMTCAL I SR E
K4 A
Fig 4 Basic erosion process
K 4(c) 2/l BEECR S ROt R M ES
S I YA T i) SRR AL TR AR S B il 2%
TR KRB LB AT,
REESIZE LU
AOB = (AGB,) N (A°®B,) (8)
Hrp i © FoRILE AR CAnEl s ioR) o LB
= {B,,B, | ,EX B, NEEHRITD /NG 1T WAL
T D, T W D BRI 5o LHEE B, .
W-D

D w

S LR

Fig. 5 Matching process

TEA B X A faifeE SR -

AR®B = A - (AOB) (9)
Hrfr, @ Fngift. e 3R i B AH N 2548 oA
M, B A B G S T AR I R AR AL 3 R Ltk L %
RANE 6 iR o



468 5 RS AN

LEREE

(a) JRIGE B

(b) AL 45 5R
K6 ingibs i
Fig. 6 Make path thinned

—J5 T8 T2 TR O B M s A, i G i B i
A9 BE DT [ RS AR AR PIAS B B R o5 — T 1T, | IS
ol ) ST R, IR R N Y 5 A T S I B 2% MR %
Ao PRI R B8 A 143 77 T i BB A2 R 45 1) g% A2 114 ]
2, PRI HoL a5 PP 51 0 2 B A 1Y BEAEL ] £k
B B R  R B O A RO ORR O AR R
=

o

TR EE N B B AR AR
AR AR B RSB LA B B B B A R TR R o SR 3R
B, SR R SEAS N B AR R A I P R S
A2, DR R B T ATk 4 A Ak BIAT 1R 22  (H 25
e LR g 16 DX I ) Ak B, 5 30 1] 0 0 g v ) £
SR TR 2 AR LA R W) T 22 AN

(a) HLLHBALFLER

(b) HA AL IR

(o) BRI

@) ShifPfab B g R

(e) INLRBEBLAL HIEER
7 NIV R B Ak RS R

Fig. 7 Results of processing different corners and sections
4 BEMXNEESER

ST IR 1% 52 SR 4R R r A Bt 72, 15 3]
— RIN RO AR o DB RAT B B R TE
TRESEII AR SR TC AN AR A5 ., 80 % TC ALz 3l
SRR HARBRAS AR AL A, A AT I R PR 4
Ja BAREEAR ST A, Ry 1 ARIETC B B 06 R AT
BYRCRFRTIA B, H AR BE AR U 2 I 85053 LS AT g
S AR A SE R O o ASEEIR IR R H AR AR A
AR E S

A MR 28 3 ik 5 1] b A A T RCRAR
T, A e O T b i 1 H bR AR S SR A 0
TN CAT I AR e B 5 B R A
JEHAEG AL o 8 SCHR ) —Fh 4 & T AL RAT
JE 2R i 7R R Hh 8052 SR 1 1 R 3 B A B AR R0
Bio ZINER TG CAT I ROR, Wy T
o PR 2.2 7 AR B WA B 5O B R I 2k B AR
R SR IO AR 10 i 26 5 BOTC A HLR I ) RS
PEAR BT AR H bR SR, X B LAY 9 0 R E
Ak 3L, 5 R BE B 24 A e APLE O R R0 £
MU BGEFBLE R RO R HUE ROl
B BIBR AR ry BN R BS AR 0 L BT ER 2B AR
r,(r, <1, < min(w,h)/2) (w HEBHTE, h
R R, AR SRR ) RIS Eg AR O
TE B PR N Y i A28 vh O sV S A 8 H B A5, I AR R
HMRBEMTE RIS = {p(x,y) 1 i = 1,2, m}
LR p TERCT R AR BR R R

r < |p, =U|<r, <min(w,h)/2 (10)
A, || RoRBHE, LT BRI, R
TEAMLE D TE UG 52 A U 30 405 E i 308
pi(x,y) By T,

T, =p,-U,i=1,2,3,---'m (11)

T, 5 21 o NALE B R A R O i B
Rito B < Too > BellU/ NI X YA 5L
L 5, py DRI H AR AR A



Bt 54 4 No.3 2023

A SETHLEOLH AT R T AL A F L 5] 469

p(x,y,) = a}figmin( <p,-Uyw>) (12)
X, <> HIEWAmERRAIEE.

8 Fo/n HLZR 1M ANSNZR BERY B b o5 e HUI
B, HAR AR TR 0 642 H bR s e B BEAH ]

(a) ELZGBRBURIE HARBE 2 AT

(b) PEFAALHIE BAR B

() INLBHE HbR B2 R
K8 A [ml i B AR L
Fig. 8 Target waypoints for different sections of path

TER 8 A x 7 FOR U AR R0 a5+
FR IO MR A0 A A B8 N A TE AL PO A
PR AP RBER A U 000 1 67 T T /)N 58 4 ol
(1R R P, JC KL JBE R 0 7 RS P 80 T R
SR, EHGH TE AL H O 552 9 1o 2% M 2 A 8
A BT B R KRR

T NMUE O B A4 18] 46 B 058 A5 1) 18] 1 T
5 o Je /T 90 JEE A A 8 4 1o D 1] 2 G
MBUR—I 20l Gz 35 . el e <

T v > B/ T R B sV BAs S, B T
ST Sk RS L[] o, A0SR R A R AR AR 1) RN
W — , 3 B PR 5 K10 o) i, BB e 1) A R0
FUCTE S A EL RS B, X O ELAR B B BE A S

H AR B A A B T R A s 22 e 45 1) St
AR R TP B AEER P (P Py sPue)

pw%
x, — U,
Puy - (R) 3553 (wa)3xl][(Rbp)3x3]
- Yo — Vo
Pz 01><3 1 O O 1 1
1
(13)

P, kD EBIGERAS SEbr i g Z (8] 1 RSN 7, )
DA 2o i A T 3 15 1) R v AT I SR PR mp X L
PRI B R RN AR E 5 R, I AHLAE
AR 2R B AT R R e FE AR AR, i T B i
WAL, SR SRR RE S T, WAL
37 i, X G AL AR AL A 1 SRR

Ry, J 7 BUR AR AR 2R B o AHLAS (R A b 2 1 Jie e
ARHFE R 5 (g ,0,) J9IEN 2 Bz PG AP ) R AR 20T
PG A b 28 H A A8 AT

cos(—90°) sin(-90°) O
R, =| —sin(=90°) cos(-90°) 0] (14)
0 0 1

Hh 2 2 S PR G 1 1Y SR A A A i P
Fen e R HAREg A2 L TR L AR B4 U5

L = AP (Poyi sPuyisPui) | 1= 5,1,2,+++ e}

(15)

Horr, P FoRBRIR R P, 38 UITHRRZ R

K (15) AR 4 )5 H br A2 5790, 7Eh
PRAS I TR HT 5 T 2 Tk AR I, FOZBR A M
RNGE R F I A TR IR AL MG . HisCie
BTN A T4 Tl i A 2 300 B2 A7 5 R 2l £
FR AR AR AL A B2 , PRI AT A AN, DU S0 22
5V IR A TR — B0, T AR AR R 5
AR R R AEEAEAT o B h e AL & R
R R B AR AR T T ALY S I 2R o 1) g
FPEMAE o AR B 22 B IR AR AR 2R AL B i 2
L2 I EN N T

TENBUARFE & AT, PRt 2 i S AP T 7Y
LB 2E o EH BE AR A 25 ST B O 25



470 5 RS AN LEREE

APy cos(—=90°)  sin(=90°)711% — U
[APY] ) k[ —sin(=90°) cos( —900)] [y, -1,
BT I AMUIE ©AT i R R 348 A2, Rt
TENATE/ N BE RAT I, AR 22 21 500 R 0 e 2
R Ry BT I, DU DG ALY SRS BRSO
P, P,y + APy
P, P,, + AP,
= ' (17)
P,, P 7
b b,
K, P, Py, Py, HICAHLSERPIRES o F I
RS RERG, IS TC AL H b E L5,
5 THTEH
FIERINL -5 /& Parrot Mambo JE A ML, 5 2k
DN RS ¥

] (16)

OB FER Hy 120 x 160, WK Ky 60 (/s
HIAHAIL ;

QIECHBIE R 75 1L A BE B 4 m ATl Y
N 4 7 B

@ ML, T B Ak

@B 2R T

BOE MR G CHT T AL AR R R
/MBI, R 3) R, T, FBE I e
e ORI A K= AW

Parrot mambo 525 STM32 Rt AT Bdl Ak
PRI A MAFAT 55, nl IR BOE e e AT A 2
RATHESS o BOE = AR T AR R AR R SR B A2 ML
SV HEARTERE R 0.2 m, QA 9 FT7R .

TEANBUAE ©AT Y [R] I AT s A AR, R 1 %
fe RIS AT HUB B ANIE 10 F7R o

1.25m —} 2.5m |

(a) ML FECSI

23m

(b) Wik 12 CS2
B9 A K H e £k
Fig. 9 The test paths and intermediate lines

KT AR AL

I
3 et sebse s s sesd s e * plan path | |
f —trajectory
4
3
. WK
= 2 s
1 %
0 - *#‘""f
-1

3 -2 -1 0 1 2 3 4 5
X/m

10 A CS1 HARBKAR B0 B RATHLL B2
Fig. 10 Target waypoints projection and flight trajectory
projection on path CS1

K7 0 B A AT R AT 8

3.5
M * plan path
3.0 |—trajectory| |
/** k
25 /,%
2.0 ;,-.(/ i
*
E 15
=

-0.5
-1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
X/m

BT Ae CS2 HARBRAR s8R B WAT R B
Fig. 11 Target waypoints projection and flight trajectory

projection on path CS2
RAT TR A S AR AR 5 2 R B 2R (U A
il RGERI R A 7 AT R A P 48 S TR S 2
]G ZR N IA] 12 ~ 14 fi7R o



ot 5 4 4 No.3 2023 L T ETHLEOEER A BRI TE AL B 6T 55 471
4 5 3.5 y
% x plan path i
3 yi""““‘h —xtraj eyctory 3.0 > L¥ g*zi%gzry
7 P 7/ [
2L ] % x X *
£y *;\ ;‘/ 2.0
£ *
EREE b %/ 2 1S Y
|y ! b g /
*} * ¥ 1.0 >
0 *
0.5 Py
/
1 s 0 *
5 0.5
0 10 20 30 40 50 60 70 80 90 100 0 1o 20 ?/Os 40 . 60
tls
() FEE T CST R S R b 4RIk A (b) HHEAECS2 VATIE T Ry HR 2 FLIRAS
104
6 4 20 (&
an pat] * yawcom
5 Bt /\ B
15
4 /j
10 N
o 7 E / v \
2 E
) » S
|
1 —
P 0 4
0 *MM*T‘“M&*W‘E
-1 -5
0 10 20 30 40 50 60 70 80 90 100 0 10 20 f/(s) 40 30 60
tls y . I, - . L
(b) B TACST | HE S A & Pk A (c) W2 CS2 KA TE SR M AT SRS
-4 13 B%4% CS2 KATid R4
8 x
R ’—‘W‘le Fig. 13 Instructions for flight along path CS2
;
PA |_yawest
6 [l A "\\
5 i /J 1l I
4
- \%d
£ 3
z
2o 1)
1 I NE
0 oo * %l *
k™ * e K ’%* # N
1 * *
! |
2
0 10 20 30 40 50 60 70 80 90 100
t/s
(c) I ERFRCSTRATAE BRI UFAHE 2 FIRZS
12 [&4% CS1 kATt FRdE 4
Fig. 12 Instructions for flight along path CS1
X
2.5
lan path
N e x|
* R c
1.5 2 = N
10 *‘/ ﬁ‘-f.
£ &/ %
2 05— X
g \
*
0 *\
*
0.5 .
"\
- *
1.0 A ‘ -
(b) #HikFRCS20H I KT
13 10 20 30 40 50 60

t/s
(a) WHEKTRCS2 RATAE T Rx Bl Hig 2 FIRAS

14 Jo ANHLEIE ©ATHid
Fig. 14 UAV's tracking flight trajectories



472 5 RS AN LEREE

T B UE S R AR T IE AL A R AR
S, BCEL IR — A B R e SR I A g
SR BRI AT T S I I FEEIE AT R AT L

AR 15 ~19 KR 1 PR,

‘—1.9m<‘ 06m|
| 04m
1.6 m 05m
l [ ]
25m
)
0.8m
)
i
12m
|
'_G.STn"_OQQ

BI15 XfERATBE R
Fig. 15 Flight path for comparison
A5 T B AR IR AT

M% % plan path

—trajectory

3 pF n?‘f
P

Y/m

X/m

B 16 HUE/ Hbrf/ e o | i AR AU AT
Fig. 16 Target waypoints and flight trajectory guided by minimum

angle between velocity and target vector

6 JKCF 5 T B AR AR RAT R

# plan path
5 ——trajectory
o
4 ,"‘ o

Y/m

X/m

BT BETBARRR AT G 4 R LR 0 A i SR A T
Fig. 17 Target waypoints and flight trajectory guided by

pixel distribution statistical result

0.8 XRVY J5 1) o7 25 AL
—#—x offset
0.6 ? —e—y offset]
0.4 Jl e
0.2
£
R X
&
E L § s ll'
0.2 W j
Al .
el
-0.6
0 10 20 30 40 50 60 70
tls
18 R/ HARR/N A5 A THE2 i B E
Fig. 18 Instruction values guided by minimum angle
between velocity and target vector
0.05 XAy 75 fir T
0.04 |1 ) —*—X offset]
o —e-y offset
0.03 . =R
0.02 l ?
£ 0.01
3 0
& 2
©-0.01
-0.02
-0.03
k
-0.04
9
-0.05

0 50 100 150 200 250 300 350 400 450
t/s

B19  HETEBARGRMGIHE R ST
TRATHR A LA
Fig. 19 Instruction valuesguided by pixel distribution statistical result
x1 FEFTEXW

Tab. 1 Comparison of different algorithms

WIXHEE | ATHREGESMEIT
TRATH AL s 63 460
BV IR KA B i 16/ m 0.7 0.05
iZ 877 [n] BRI AAK ox, il
%*ﬁ;é\% H

1)K G F A 2 i S B I 8 1 T3 ok A 240
AL B, AT LA S BR URNR i A o2 R RS
BB 2SR 3R S HO IS o0 L REARAS ™
RS AR PO A I R AR A5

2) 5 bn AR RS AR v ) 2R KT B
VRN & BETRIE PEHIAR U , 312 HH 1) A M3 B
SE Y FUAR AR PP BI4U T Hh B0 215 A o i) 2
BiRZE/NT 0.1 m, BITC AHLE O A H 55 78



WOt 54 b N3 2023 AR T LG BT ER AL A AL T 5] 473
MY . spired self-reconfigurable robot with integrated laser sen-

3) EHRz/ NI A 36 JOE PR i 1 A2 s A, FE IR
AP AAL i e B H AR AR RS T AHLEY KB
BERGI , TENAUTE IR AR B i B i 28 22 MR Jas i
FUPRBRAR A5 75 B 2R 6 BOW E 1Y J=) 31 H AR AR A
T X R B L, U, S 1R R H AR AR
A R 4 R RS IV

4) AN B30 — KL A B AT, 52
IRf R AR B PR B 25 2 A PHLRE S 1R £ TH A Ak By
fok ik H bm A, 32 AR o5 — 2R 10 I A R s 40
AE FAR s rp, o AHLE O B 8 H AR r %
HHE R AMORER DT 90°,

S)FE RATId AR rh, St AT AR AL, ALK
JRrHB g AR R AR AR5 21 HiT 0 AL L AR bR ) 22 (B
kP L, FE 3R 2 MRS M 45 R K e
AL B RS 5 T8 20 AT T AR A AR
B Js 1 s gy, R S MRS EE LR,
JRriR AR R ARPRBERE 51 JC AL & i B iz 5l
SREMEIETC AL R AR A 22

6) ML RAT R AR P ORFF [ 45 18], AL A 1
0 (BFENLShd AR, B G (ERRER /N
6 4% iF

N TP A B AT AR AR AL ]
A, SCERITTE T 45 000 B A%l 9 0 A HIL AR 52 119
PG PRI AR A5 L, S5 B 8 Jm 305 L s B A28 st 4
PREGTT o MR AR X IR 1 38 =3 18 Y (B4R
BEARAE R, X MR oA SR 1Y B A XA T IR 25 2
AEBR ARIBUAS 0 a5 O T PRIEAR I AT B8R
A 5 22 6] Y- , BEAE H A B A e ) e DX 3
feth T AR I APLE O 2 4% B AR O R R
SICNHUHEE [i) 7 R BB I A1, e s/
e Ao D PR A L A DA SRy AR A A 7E
FAL T BT A AR RO A, ELA 222 U T A 5
TE R B B Ao 1 DX P9 50 1) A48 o i, BRI
WD o FJr BOE T A5 AN R T AR B B 14 A X
SEIEATING, 2 T LA BTk AWK 20 Lk
H B F R B AR AT S R BB B 5 B I BR AR LA
JEE iRy, A4 A1 BEOR AR 5 B v, 76 LR B, REARALE T
RTRRE , SRR TR0 (AT 9K T e s 7 5 B 7
o AT I9E 2 7 G TR A A 98 S B

SE 3k :

[1] Anh L,Veerajagadheswar P, Vinu S, et al. Modified A-star

algorithm for efficient coverage path planning in tetris in-

(2]

(3]

(5]

(7]

(8]

(9]

[10]

sor[ J]. Sensors,2018,18(8) :2585.

Zhang S Y,Shen Y K,Cui W S. Path planning of mobile ro-
bot based on improved artificial potential field method[ J].
Applied Mechanics & Materials 2014 ,644 - 650154 —157.
Li Min, Huang Min, Cheng Zhifeng, et al. Application of
genetic algorithm in path planning[ J]. Computer Systems
& Applications,2020,29(8) :255 —260. (in Chinese)
SR T R B, A R TR AR AR MR B A
FALI] AHSEHLR SN ,2020,29(8) :255 - 260.

Lin Yong, Qin Wenjing, Qi Guoqing. Research of the UAV
autonomous tracking based airborne visual navigation[ J].
Electronic Design Engineering,2018,26(8) ;21 —24. (in
Chinese)

ARBE, ZE i, U DR SE T LA | B AL A £
PEAFTELT ). st T2 ,2018,26(8) ;21 —24.

Yu Haiyang, Wu Yakun,Zhou Meng. Design of indoor vis-
ual tracking system for multi-rotor UAV[ J]. Scientific and
Technological Innovation,2019, (13) :89 —90. (in Chi-
nese)

R, R, A 2203 JC AL L1 38 2
G T]. BRG] ,2019, (13) 89 - 90.

Fang Xu, Liu Jinkun. Dynamic surface control for quadro-
tor unmanned air vehicle[ J |. Journal of Beijing University
of Aeronautics & Astronautics, 2016, 42 (8) . 1777 -
1784. (in Chinese)

D8, X3 PURESE JC AP S A m R[] AL st
SR K FF4R,2016,42(8) 1777 - 1784.

Khalifa A, Fanni M. A new quadrotor manipulation sys-
tem : modeling and point-to-point task space control [ J].
International Journal of Control Automation and Systems,
2016,15(3) ;1 - 13.

Suo Wenkai,Hu Wenming, Ban Liming, et al. Research on
flight control of quadrotor UAV based on visual image[J].
Laser Technology,2020,44(4) :451 —458. (in Chinese)
R, WSO, BERI, 45 JE TR PG Y DU ESETE A
PURATHERIOIELT ] WOLHIAR ,2020,44(4) 1451 -458.

Du Huimin, Jiang Bianbian, Chang Libo, et al. Improvement
and parallel implementation of dilation and erosion algo-
rithms[ J]. Journal of Xi’an University of Posts and Telecom-
munications 2017 ,22(1) :88 —93. (in Chinese)

i 5O N VA I 7 RS RES U S IS
ATSZBLT ] VLR K224 ,2017,22(1) 88 - 93.

Lii Junbai. AN efficient thinning algorithm for binary ima-
ges[ J ]. Computer Engineering, 2003,29 (18) . 147 -
148. (in Chinese)

AR A — A0 ERGMET LT R
F2£,2003,29(18) ;147 — 148.



