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System Design of Dove-like Flapping-wing Flying Robot
Based on Highly Bionic Morphological Layout

WANG Jiu-Bin"*? HE Wei"** MENG Ting-Ting"** ZOU Yao"*? FU Qiang"**

Abstract Some existing flapping-wing flying robots show significantly different flight forms compared with actual
birds, and exhibit less bionic features of their wing and tail layout and their control ways of pitching and steering.
In this paper, we propose a system design and implementation scheme for a flapping-wing flying robot with a mor-
phological layout similar to that of a pigeon. By designing curved-folded-swept wings and a bird-like fan-shaped tail
near the trailing edge of the wings, the flight form of the flapping-wing robot is closer to that of a bird, which im-
proves the bionic performance of the flying robot morphologically. Upon this basis, we propose a pitching control
method via regulating the downstroke angle without need of a large upper declination angle of the tail. We also pro-
pose a wing retraction control method that is independent of the tail, ensuring the effectiveness of flight control
while emphasising more bionic features. In the specific design process, different types of wings according to those of
pigeons are selected firstly, and wind tunnel tests are then performed to determine the design scheme that can
maintain better lift-thrust performance when the downstroke angle changes. Next, by analyzing and comparing vari-
ous types of tails, we make a tail for the robot with reference to the characteristics of the pigeon. Besides, we design
pitching and steering control mechanisms and verify their effectiveness via wind tunnel tests. Finally, we develop a
flight control system and integrate it on the robot. The stability and controllability of the designed dove-like flap-
ping-wing flying robot is confirmed by flight tests.

Key words Highly bionic morphological layout, dove-like flapping-wing flying robot, folded wings, fan-shaped tail,
wind tunnel tests, pitching control, steering control
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(a) USTB-Dove 1L~
(a) Top view of the USTB-Dove
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(b) Rear view of the USTB-Dove
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(c) Tail sketch
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(d) Body and drive
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(e) Flight control system composition
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Fig.1 USTB-Dove platform design and
system configuration
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(b) Realistic carrier pigeon

Kl 2 USTB-Dove 5K 545HY
Fig.2 The USTB-Dove and the realistic carrier pigeon
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i (1 000 mah 2 s) 48 19.6
Hhie 10 4.1
it 245 100.0
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(a) Single plane wings
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(b) Single cambered wings

(c) TEHTRZ RS T AL L2 R B B
(c) Folded cambered wing which bending axis is oblique to
the center line of the body

(d) BT HNZFAT T AL L2 37 RIS
(d) Folded cambered wing bending axis is parallel to the
centerline of the body
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Fig.5 Flapping and bending angles of the wings
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(a) MR B
(a) The wind tunnel
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Fig.6  Wind tunnel and test equipment
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Fig.10  Tail’s different designs of the USTB-Dove
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