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Research on visual autonomous obstacle avoidance method
for a floating flapping-wing robot

Zhou Yu,Zhang Jun,Song Aiguo

(School of Instrument Science and Engineering , Southeast University, Nanjing 210096, China)

Abstract: This paper proposes a solution for the autonomous obstacle avoidance of a hovering flapping-wing robot based on visual
perception to meet the requirements of low-speed, safe, and long-endurance flight in obstacle-rich indoor environments. Firstly, inspired
by birds’ visual information-based obstacle avoidance principle, a visual obstacle avoidance method based on optical flow detection is
proposed to recognize both dynamic and static obstacles indoors. Secondly, a robot combining helium balloons with flapping wings is
designed, utilizing helium buoyancy for primary lift and flapping wing motion for propulsion and secondary lift. A flight control method is
designed to ensure stable flight and obstacle avoidance requirements. Finally, a robot prototype is fabricated, and its flight performance
and autonomous obstacle avoidance capability are tested. Furthermore, a comparison is made between the proposed obstacle detection
algorithm and another existing algorithm. The results indicate that the prototype exhibits a heading deviation of 5.52° in straight-line
flying and a turning speed of 23°/s and achieves a 77% obstacle avoidance success rate with a single-frame detection time of 6. 1 ms.
This demonstrates its capability to accomplish low-speed hovering flight and autonomous obstacle avoidance, laying the foundation for its
execution of indoor exploration tasks.
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Fig. 1 Schematic diagram of image preprocessing
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Fig.2 Schematic diagram of optical flow vector classification
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Fig.3 Floating flapping wing robot model
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Fig. 6  Attitude detection results in straight line flight
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Fig. 8 Attitude detection results in turning flight
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Fig. 16 Result map of dynamic obstacle optical flow detection

AL 77 T 7 22 3G D00 3] 2l 25 R Ak A I A3 9% 2 AT i
FRAEBH A 225 (HA T TTC, i — 20 S Tk R As ) e
TEIXIA], DLk S A

FIREAR I GE T 124 R 22 Wk 8 e m] LAAS 31 8 25
WA A ) ) B 4 45 SR AN BT 17 B

K17 Shasmers e 4s
Fig. 17 Result image of dynamic obstacle detection

4.5 XfLbsLog

R T MG AR SO H R B A G B R S Y
FRCR L R A R, R A AL AL AR Sk R
TBORGOH AR T X L S2 5

B, e — & LA AL E 4 B R — B SR
360 il ) AT B A I g o ST 5 A I 4 A O R
WE 18 s, BG4S 8 BFER R 3 frs, B DR
W5 5 28] P T A 1 s A 0 - 34 T B, AR P 1
FHE Y L5 4% 3 s 3 3 i S i NS B &5 SR ]
PLFE H AR SO AR G HE Al 20 A 53 ™) i o iy A T R
Bf /b IR BH T AR SCIT A O A R B L EL AT B A
B SR E

VR, Ry T A AN ) B3 %) e 0 G o A 12 , 7 [
— 5 LA A3 B 22 BEAS[R] 04 SRAR A T B i 4 S
Hrh B SR A 13 BL, sh BB A 9 Bt
ARSI B AR T 17 B A b i B A 4, R S

0 50 100 150 200 250 300 350 400
i

18 FRERGH) G

Fig. 18 Obstacle detection time
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