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Abstract: High-precision navigation information is key to the formation of unmanned aerial vehicle
(UAV) to perform various tasks. To address the problems of few target image features and diffi-
culties in matching multi-target identity information when using visual sensors to navigate UAVs
to remote targets, a method for remote target recognition and orientation perception based on opti-
cal markers is proposed. By analyzing the actual formation flight requirements of UAVs, a com-
prehensive approach of relative angle measurement and unique target ID identification based on vi-
sion is designed. The scintillation characteristics of optical markers are used to encode and decode
target identities for UAVs, and the encoding database is searched according to the light sequence
acquired to decode and identify the target ID. The optical markers can be quickly detected and
tracked by combining the imaging features of the optical markers. Based on this, the pixel coordi-
nates of the markers are fitted and the relative angle information is calculated. The experimental

results show that within the environmental range of 50 ~ 150 m, the static angle measurement
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error is better than 0. 21°, the dynamic angle measurement error is better than 0. 73°, and the i-

dentification of 10 targets can be achieved.

Key words: Remote target recognition; Visual angle measurement; Light encoding and decoding;

Ultraviolet marker; Unmanned aerial vehicle; Relative navigation
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Fig. 1 Remote unmanned aerial vehicle target
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Fig. 2 Imaging effect of ultraviolet markers

ARSCHY SR TS R E 3 Fros . e St
SEMLIE S AR L SR | R R SR AT AR 10 AR R L 4 R
AR50 B T E bR AR XA R RS &y 1D
HURTAV; I E 1ot 2 T o S AT R (SR £ Rl NS R
O AR 22 b TC 78 R 1 AR A B T A AL
AR BERL 58 JSCRH BIL A bR 28 R AN A BE R g . A
PG AR IC I TN MR R AE B2 JE N AT 4% 19 B 4y 1D
Gt A% o T 3k W o 2 TR TR AR S AR S Y Y AR R
S E bR RAT % B 0y 1D (R A% U i 5 AR X
i 45 EVE TE AT AL = TS K

WA HBLZ
L IAE
frics . m%
ot e : wt sz
Ll songre | AR L gging | OB | e N
[ShES giall BRER TR BHID
PEILA
e HHID
)

B3 #MESmBEFRET

Fig. 3 Design of the overall scheme for visual navigation
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Fig. 6 Light sequence recognition diagram
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Fig. 7 Space relationship between camera and

unmanned aerial vehicle
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Fig. 8 Flow of dynamic information perception
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visual angle measurement
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Fig. 10 Relative angle error curve of

static experiment

Fig. 11

120 130 140 150 160 170 180 190 200 210
s [al/s
() FEAIRE

.5
70 80 90 100 110 120 130 140 150 160
o 02

100 m
TR/

S

oo

110 120 130 140 150 160 170 180 190 200
_ 02
Ex

S5 ol
T

=]

120 130 140 150 160 170 180 190 200 210
NS

b SRARE
B 11 shEkBEMAEREmE

—

|

0
70 80 90 100 110 120 130 140 150 160

50 m
L/ (m/s

m/s)

1

100 m-

T

=)

110 120 130 140 150 160 170 180 190 200
2

m/s)

m-

2 !

o

120 130 140 150 160 170 180 190 200 210
/s

(a) 7KT75 [EiE 3 & B

50 m-
TR/ (m/s)

110 120 130 140 150 160 170 180 190 200

215

EELO

FER0.5

#H o

120 130 140 150 160 170 180 190 200 210
Ry EE

(b) EHF[0IEFEE
B 12 EhEREEEMmL

Fig. 12 Velocity curve of dynamic experiment

Relative angle error curve of dynamic experiment
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Tab. 2 Multi-position visual relative angle measurement

error of static experiment
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150 0.126 3 0.175 6
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Tab. 3 Relative visual angle measurement error of

dynamic experiment

PR /m X ABER /) e RARX A BER 22/ ()
50 0.217 4 0.7259
100 0.158 7 0.373 2
150 0.1550 0.368 6

s EARERS S 00T BORE A I B R 2218 T 0. 21°,
HEFH T T 0.73°, FESLH T, 7 — HAREA [
FRES T B R 22 5 AR KL 1 10 50 m Ab 58 AR 1Y 1
BB AL 100 m AR U LR . TERS 5 S RS
VA S50 AR S5 0 e 7 AT B AR 7 A ) T A A5
ZERR L BRI, 7E 100 m Al 150 m & R Y
DK B R AR X L0 . X 2 A O 52 A bR it 7E &
RS S AN LU R DG B, 24 S AR T A B S AR AL
I SEBEAEARAL I G BT o T AR B O, BB R A
O AR 7 A R 1% 22 SRR OAC o T 253 W) 800 AH XS £ 152 1Y
DK B2 517 100 m A1 150 m Ak JUJ s R Sk 8 AMERAIE A
BGOSR/ MBS 2 ZARNLHIE T2 E N R E
il i LA R 22 AH 22 AN K
4.2 S BREEH IDIZFIFEME L

TEA 25 v, BT 3 S B A5 2 LU B KT IN
R A E ) AH LR B2 3 09 R AR B H bR KT 6 )7 91
J5 ARSI B 3 1D U508 5 6y 1D 15 25 g 5
PEIEFT XS L Ge it 2 HAn B 1D R0 2 3.,

RS R A 13 R, SRV B B kb
£ (central processing unit, CPU) #E A # J& Intel (R)
Processor N100, $84MT #i i R 5F R 10 em X 20 em, AHHL
FIEE AL B 5 S5 DTS SIE S 50— 3

S R, #5HRH BIL A T 3R HILAE S WL AL A
PR H AR H K Ze A7 10 25 v st [R5 ) o5 b 2 28
JiE BB 7 58 A AR A0 AT AR AE =S B ML Iz S AE O B
3 H bR A 1 20 AM R IC KT AR AE Ry # 1k H AR 42 i AE
Mo T, ARBLR AR 3 22 1Y IR 51 8 B AT H AR AR AR
FEEAH LA B9 BN, 2R 5811 4 600 TRy &y 1D 10

(a) MWEEH

(b) B#WFE
B 13 SHiFEMIRMZKGS

Fig. 13 Experiment scene for multi-target identity recognition
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Fig. 14 Identification results for the ID of multiple targets
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