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Aerial refueling target tracking using a falcon visual tectum
information integrating like method
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Abstract: Autonomous aerial refueling is one of the most important military capabilities under current combat situation
In docking phase navigation, visual-aid guidance during the docking phase is a main research focus, of which the track-
ing of refueling target is an important part and challenge. During researching on the excellent visual system and visual
navigation ability of falcon, it was found that the information transfer and integration ability of the visual tectum could
help to solve the tracking problem. By simulating information processing mode, constructing a neural network with
cross-pathway, and introducing the target out of view and reentry problem that may occur in the aerial refueling visual
task, the raptor bifovea based searching strategy is introduced to construct a complete tracking method. Simulation and

experiments are done to verify the feasibility and effectiveness of the proposed method.
Keywords: autonomous aerial refueling; falcon visual system; tectum; bifovea; target tracking; neural net work
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Fig. 1 Bifovea structure and line of sight of falcon
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Fig.3 Framework of the target tracking method
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<1090 * O R

ES SO 514 4%

5 HoRs A b Sk H bR BR R P 80 0 i B, Ak
By MR R B H PR BR R 1R 25 . NZ5 R rh
Al LVA H, FE BRETT IR i, XF H AR 4 BR B H AR
E, HBEE HARR I B, IRER 22K, HIR7E R
BE G 4o A e, BB X0 A A E A RO A
Z S50 MEEUN . B, HE — M2, A
NVIDIA 1080Ti ) GPU, CPU iy i7-8700k [ b i
Qb BRER PEAT B 2 MR R I B, AR SO T ik
B RE A A 110 fs,

WAL, BT A RS H T 2 B bR g )
R, BT X A 0 v AR b 2K in v TR)
WH T ATy gt T2 R nYERERTE 0L, 45 R WK 6
i

(d) BER H bR R (e) BRER HARIKE

H6 BiRREERTEE
Fig. 6 Result of multi target tracking

KGRy 9 h A TE 5 28T AL, 18] 6(a) R
B R AR, P 6(b) T AFTE S H AR B E 45, B
IR ER S R A T — R 22, A TEANLER
Borb oy B 0n , T LU T SN A H AR A BRI
mE 6(c) i, K 6(d) i, TANLRIAE ST
s A M R A AR R AT AT DA H AR
58 FALE - EIT R LB IR ER, A 6(e).

Z HARIRER Y DR 22 -l 2 18] 7 Bz o
7 sl 51 5 28 8 AAILI R 7 R
o N H bR ER R 22 45 R th 4l LI, 7E R
B AR R, A R SR TR A I ARG 1R TR S
XFICAAL S B BRER = A BRI 22, AN BEAS BR R

IR R ER R R 22 ER RN, FEAR AR TE 20 MR R
A, REESCR BT . ffiH NVIDIA 1080Ti 1Y
GPU, i7-8700k ) CPU #4754~ H A5 1Y IR BR AT 55
I, b3 A] 3K 45 fs,

80
® — AL 2
£.60 — JTAML3
iﬁ sof  — JCABL4
a0} TNAL 5
éﬁH 30t
i 20

V".t"._:J".'* s L g e [
' WA s
50 100 150 200 250 300 350 400

GEAEGS

E7 ZBMRERIREML

Fig.7 Curve of multi target tracking error

4 #5FE

M & L8 R GUAE el R B IR R 4, fiE
g ik BRAR Z2 AR B2 2% O AL 8 15 8L, A &5 3R U FBI
PR B B AL AR S5 TR P L W R B L B A ) 1 2
[ 8RR 07 8 O 2R LA S 2 IR R B L B B L
i, AT R OA A R F A S T 2 R A AT 55
FRAET I B

AR SO A 85 P B R B — S PR —— AT
Wi E B RS 5 BABEEAT TR, I AR
XM 5 R Bl A R B A sl ST 1 A T A o 22
T HbRERER . AU A 2o R g8
e 5 B Be b AT 7, Bk 1A SO IR Oy ik xt
T2 H AR BRI A R, R e X T i R
155 Al BE H BLAY H s 37 5 b 508 5 FEAER Y,
ARSCHTIR T i B — B . i TARRIER
THIAE R B, PR B MR, X T R R
i P HE I A R B0 R 22 R, 3 ] LA R i
3 0 PRIAGER AR Wt sk /I 1 2 1) L b3 8 e 2 )
Jr e

S & 3k
(1] Bk, X% IO ERER R 5A [J]. B AR R 4244k, 2010,
5(2): 95-105.

YANG Ge, LIU Hong. Survey of visual tracking al-
gorithms[J]. CAAI transactions on intelligent systems,
2010, 5(2): 95-105.

(2] &G, B, U7 IR EORBEFE IR (1], b Rk
ZF: BIARBLEE, 2017, 47(5): 514-523.
ZHAO Guozhi, DUAN Haibin. Progresses in biological
cagle-eye vision technology[J]. Scientia sinica technolo-
gica, 2017, 47(5): 514-523.


http://dx.doi.org/10.3969/j.issn.1673-4785.2010.02.001
http://dx.doi.org/10.3969/j.issn.1673-4785.2010.02.001
http://dx.doi.org/10.3969/j.issn.1673-4785.2010.02.001
http://dx.doi.org/10.3969/j.issn.1673-4785.2010.02.001

%6

2RI, A A B PLTO (5 5 R AR B T F A R

= 1091 -

[3] DENG Yimin, DUAN Haibin. Biological eagle-eye-based
visual platform for target detection[J]. IEEE transactions
on aerospace and electronic systems, 2018, 54(6):
3125-3136.

[4] DUAN Haibin, DENG Yimin, WANG Xiaohua, et al. Bio-

logical eagle-eye-based visual imaging guidance simula-

tion platform for unmanned flying vehicles[J]. IEEE

aerospace and electronic systems magazine, 2013, 28(12):

36-45.

BOise, skay e, MO, S5 T 07 16 MR G 1) e AHL

F 2 Aol [J]. AR, 2014, 35(7): 1450

1458.

DUAN Haibin, ZHANG Qifu, DENG Yimin, et al. Biolo-

gically eagle-eye-based autonomous aerial refueling for

[5

[l

unmanned aerial vehicles[J]. Chinese journal of scientific
instrument, 2014, 35(7): 1450-1458.

[6] TUCKER V A. The deep fovea, sideways vision and spir-

[l

al flight paths in raptors[J]. Journal of experimental bio-
logy, 2000, 203(24): 3745-3754.

[7] WATANABE S, MAYER U, BISCHOF H J. Visual wulst
analyses “where” and entopallium analyses “what” in the
zebra finch visual system[J]. Behavioural brain research,
2011, 222(1): 51-56.

[8] HODOS W, KARTEN H J. Brightness and pattern dis-
crimination deficits in the pigeon after lesions of nucleus
rotundus[J]. Experimental brain research, 1966, 2(2):
151-167.

[9] GLOROT X, BORDES A, BENGIO Y. Deep sparse recti-
fier neural networks[C]//Proceedings of the Fourteenth In-
ternational Conference on Artificial Intelligence and Stat-
istics. Lauderdale, USA, 2011: 315-323.

[10] OROURKE C T, HALL M I, PITLIK T, et al. Hawk eyes
I: diurnal raptors differ in visual fields and degree of eye
movement[J]. PLoS one, 2010, 5(9): €12802.

(110 2=, Bigie, 2507 S S e it sgnitt i (7). BHER
%, 2018, 36(17): 52-67.

LI Han, DUAN Haibin, LI Shuyu. New progress of the
visual system in birds of prey[J]. Science & technology
review, 2018, 36(17): 52—67.

[12] NEUBECK A, VAN GOOL L. Efficient non-maximum
suppression[C]//Proceedings of the 18th International
Conference on Pattern Recognition. Hong Kong, China,
2006: 850—855.

[13] KRISTAN M, LEONARDIS A, MATAS J, et al. The
visual object tracking VOT2017 challenge results[C]//

Proceedings of the IEEE International Conference on
Computer Vision Workshops. Venice, Italy, 2017:
1949-1972.

[14] YUN S, CHOI J, YOO Y, et al. Action-decision net-
works for visual tracking with deep reinforcement learn-
ing[C]//Proceedings of the IEEE Conference on Com-
puter Vision and Pattern Recognition. Honolulu, USA,
2017: 1349-1358.

[15] WANG Naiyan, YEUNG D Y. Learning a deep compact
image representation for visual tracking[C]//Proceedings
of the 26th International Conference on Neural Informa-
tion Processing Systems. Lake Tahoe, USA, 2013:
809-817.

[16] BERTINETTO L, VALMADRE J, GOLODETZ S, et al.
Staple: complementary learners for real-time tracking[C]//
Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition. Las Vegas, NV, USA, 2016:
1401-1409.

[17] BERTINETTO L, VALMADRE J, HENRIQUES J F, et
al. Fully-convolutional Siamese networks for object track-
ing[C]//Proceedings of European Conference on Com-
puter Vision. Amsterdam, The Netherlands, 2016:
850—865.

EE R

p— B, L, 1992 4F, LT A,

BT 0 R AL R T

NIRRT

B, B,1976 4, #¥z, 1
AT, FELAFGE 7 A A TE AL
A FE S B LT AR S A RE R
AR RS KN . ERE
EPAEE Ny e = T 3
WA L3 33, ARFARIBI 80 A
o

2T 20,1976 AF R AR
Ui, E ST 1) o A e RS A B
ARG . ERFZIIE R AR
B e 1, R R 2 ARIRTL 40 &
i o



http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/TAES.2018.2845178
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1109/MAES.2013.6693667
http://dx.doi.org/10.1016/j.bbr.2011.03.035
http://dx.doi.org/10.1016/0006-8993(66)90020-5
http://dx.doi.org/10.1371/journal.pone.0012802

