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Visual Navigation Technology for UAV Autonomous
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ZHOU Qing, XU Yue-lei, JIA Erkenbieke
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Abstract: In recent years, the rapid development of machine vision technology provides a new idea
for autonomous aerial refueling of UAV, which overcomes the shortcomings of the poor dynamic
adaptability of GPS. A practical technical solution based on binocular vision for UAV autonomous
aerial refueling navigation is proposed. Based on binocular vision, a technique of detecting, track-
ing based on deep learning and pose calculation based on geometric constraint is proposed. The
navigation is divided into remote navigation and near-end navigation according to the distance be-
tween the tanker and the receiver. The drogue is detected or tracked all the time and the pose of
drogue is calculated at the at the proximal. The experimental results show that the algorithm sat-
isfies the robustness requirements of fueling and the range of stable tracking target distance is
more than 40 m. When the distance between the receiver and the target is less than 10 m, the dis-
tance error is better than =10 cm. It shows that the method proposed in this paper has a strong
application prospect.
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Tab. 1 Feature extraction network
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Fig. 1 Binocular vision three-dimensional

reconstruction principle
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Fig. 2 Drogue relative posture



44 ALE £ 5

2020 4E 1 H

BEFEHBE R J&— A =45 B, ERRT 2 Mk

T R 2% A b Bl 22 1) 09 e 2 G &R . MR A ] b i R

SUP AR AR bR R R R AL AL AR R A A AR

SHIHP, =(X,,Y,, Z)" P, =(X.,Y., Z)O",
AT 40 F A8 8 5

P.=RP, +1t (10)

KAOFRR P ETE 2 AR R b iy IE F1F

BXFR, Hhe=0G, 1, tO)" WAFBEmEE, R

q +qi —q: —qi

R(g)>=| 2(q1q: +qoqs)

2(q195 — qoq2)
Xof T AN FEAE S LI R 22

e, =P, — (RP, +1t) (12)

fiff DR AN 25 Ay T Ta) A O 3k 22— R T 45

B2V Z M e /ME SR A T E S8 (R, HD

FLUT LT (R0 1 B bRk g/ Me

.
FR.t)=> e |’ (13)
=1

SR AT 3 13D HE AT SR A L B O B K AR AE
WUTE 2 DR R T AR AR EAR AR (13), S 6T
(R.t) MR, RIEME M ESH MR, N
FLART AR B SR A7 DY ST B0k X X (13) R A7 B
AN AETEITE S

F T A b T O b B 46 A5 D T AT 50 i e vk
RO AS IO, B 50 B R S TR R AR ML AL R R
HARAL bR 3R T 0 A b 7 4 o 30 Ak A A, AR K
QEODEi v na = POk (AR = LN E R ANk &)

D= Pl RrP= P
i=1 i=1

N
=q" (> )M,)qg=q" Mg (14)
i=1

B/MEA (2D Y TR 13, Wi M
FELWE I o 0 I AT R AR A 20 i, oK d5 K0 AR AE A
LR I P AR AT 0] o

RBHEE M ) 4 DMFFIEE R A, G =1,2.3,4),
HZ XN 4 NRRIEE RN e, (0 =1.2,3,4), A

Me, =2e,,(i: =1,2,3,4) (15)
% B — A U 4 ) & AT S A A U T AL g AT
L2t Rom ik, B
q=ae; tase;, taze; +a, e, (16)
Ky q & Pr e, it L
q+q=ai +a;+aitai=1, BFEXLADH

(qPlq)>

2(q1q: — qogs)
qs a7 —qi — 43
2(q2qs +qoq1)

JE—A 3X3 YIRS M AT A T 1L RN 2
AN AR bR FR 22 18] B9 e AR 0 K AR

W AR P I 4 2 7 5 YR AT T A R OR Tk
FIVUTCELF R EE PR T BB A A 2907 B
FEAE AT S R R R 1T LT3R B 4 S A R E RS
i@ e 5 AT DU SC KR ] ) 56 AR AR R — — X R
Jike 2 L 5 A7 DY T KA B A O R R LSRR

2Cq1q5 +qoq2)
2(q295 —qoq1) (1D
q¢ +qi —qft — 42

4
D=q"Mg=q - (Mg)=>a’x, (7
i=1

i B KRR IEAE R Ao T
D:Za‘fa, <A]Za‘f:m (18)

WY a, =1l,a,=a;=a,=00,D A IERK
. SEWFRALDUTCEC ¢ = e, B AR M fe R
)R A AL i XoF 1 9 AR AR 17 4

KAS T B ICE ¢ Z 5B IHARA D B
AL SRAT e FE B R AR J5 A1 T R e 79 29 505G 2 B nl
KPR m A,

5 LIRER

IR AR ZEOR AR« AU BRI BE H s R
B AN /N T 40 7 AR B2 T R 5 H AR R <
10m i, BB IR 2200 T £ 10em.

AR IC A I HE S I A 3 R 4 BT . W
FL AL 4 ARRE AT BI AT, AR R 7 A, 3l
/N TATE LG i X P DR — E R BT
Yotk 1815 BT s O 76 B8 48 Sk T A B G AR B2 2R
PEL AT WL AT L 5 0 S 0 B B AR T HL TR
DRI 7 > B0k B R PR By .

B3 mugEEELEEIRA
Fig. 3 Drogue left photo
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Fig. 4 Drogue photo by right camera
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Fig. 5 The tracking effect of drogue in left photo
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Fig. 6 Image enhancement of drogue in left photo
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Fig. 7 Histogram of drogue in left photo
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Fig. 8 Histogram specification of drogue in right photo
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Fig. 9 Feature segmentation in left photo
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Fig. 10 Feature extraction in left photo
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Tab. 2 Spatial coordinates of feature points

FEAE A5, 1 2 3 4 5 6 7
X  —0.32 —0.49 —0.69 —0.06 —0.71 —0.12 —0.46

0.26 0.26 0.18 0.03 —0.17 —0.30 —0.40

VA 6.55 6.51 6.90 6.22 6.37 6.61 6. 35
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Tab. 3 Distance error of feature points

B /m 5.00  10.00  15.00 20.00 25.00 30.00
BEAEA 1/m 5.04  10.07 15.13  20.18 25.23 30.31
FRAES 2/m 5.03 10.08 15.10 20.17 25.22 30.31
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