G 3 2 Vol.39, No.3
2mr§§%‘ﬁ & A  ROBOT (Mwi&7

DOI: 10.13973/j.cnki.robot.2017.0355

3 TR T 38 AR R £ TR SRS
B L2 k&2, E2 OFE?2 OB w12, Bxirl?

AL FEBEAHARRY:, 28 &L 2300265 2. HEREEEE S ICYBRFAOT b e b B EHORBT TR, T W 213164)

B E: JISAAERMEESNE TR, A MEABIENRK, Bl B E s R R SR ), W
B R i i G . U AR, TR A SR e, X AP R R,
AT AR RS L VR RIS — B B, RS B, B R DA (R SR A T U TR LA AN AR R YR B
L SR AR KA S L N BB A, RN AR AT RS, K VR LA N B0 2545 il i) e A
AR RGBSR 0 B 5 R BA SR R TV AR AR [A) R v e R S RN E B AR, S LR
BNBURE SRR, BRI b s g, JEME T RZ R 5. SRR DLR S TR S oA T I E
b, @R R E TR B AR AR, B 8 TR R AR, R A B N AT T R RS,
FHSLUL TR LB AN S PRI IESh . SRR, Z5TEASA ROh 4R B R VR LR A R AR R .

EEEE: AHERNLEA RS, PUSR; BHEESR; RE RS

FESES: TP242 THRFRIRAS: A NERS: 1002-0446(2017)-03-0355-08
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Abstract: A robot may be at the risk of falling from a high place when it works in an unknown complex environment, so
the attitude control ability of the robot in the air should be considered to reduce the damage caused by wrong landing attitudes.
When a cat drops from a high space, it can always right itself and land safely. Inspired by this biological phenomenon, the
optimal falling trajectory of a free-falling cat robot is studied in a time-optimal manner for the first time, through investigating
the first stage of safe landing of a cat, namely the attitude adjustment stage. Firstly, a mathematical model of the robot is
formulated based on an axisymmetric dual rigid-body model. Owing to the non-integrable angular velocity, the attitude
control problem of the falling cat robot is transformed into a nonholonomic motion planning problem. Considering that the
time consumption of attitude adjustment is an important factor to determine the adjustment result, a time-optimal function is
built with the virtual torque input instead of the real angular velocity input, and a method to solve this function is set up also.
Then, a particle swarm optimization algorithm is proposed to obtain the solution of objective function with the least time
consumption of attitude adjustment. Finally, using the optimal solution data, the virtual prototype experiment is carried out
in the virtual physical environment, and the righting movement in the air for a falling cat robot is realized. The results show
that the time consumption of attitude adjustment is effectively reduced for the free-falling robot by the proposed method.
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