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Collision avoidance and compliance reinforcement learning control for
space robot with spring-damper buffer device capturing satellite
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Abstract: In order to protect joints from impact damage during the process of space robot capturing satellite, a spring-
damper buffer device is designed between joint motor and manipulator. The device can not only use spring to achieve the
compliance during the capture operation, use damper to absorb impact energy and suppress flexible vibration; but also limit
the joint’s impact torque to a safe range through reasonable and coordinated design the collision avoidance and compliance
strategy. First of all, the dynamic models of space robot and satellite at collision time are derived by using Lagrange
function based on dissipation theory and Newton-Euler function respectively. After that, combined with Newton’s third
law, velocity and position constraints of capture points constraints of bodies, the dynamic model of hybrid system after
capture is obtained, the impact effect and impact force are calculated based on momentum conservation. Finally, a collision
avoidance and compliance reinforcement learning control strategy with buffer device is proposed. The penalty signal
is obtained by trial-and-error interaction with dynamic environment, be used to optimize the controller to stabilize the
instability hybrid system. The stability of the system is proved by Lyapunov theorem, and the impact resistance of the
device and the effectiveness of the proposed strategy are verified by numerical simulation.
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Dy,1 =28.65 Ns/rad, Dy,0=28.65 Ns/rad,

Dy1=1146 Ns/rad, D3 =1146 Ns/rad,

D11 =28.65 Ns/rad, Dy9=28.65 Ns/rad.
TEZHIT:

ms = 50 kg, ds = 0.5m, Iy = 8.5 kg - m?.
&R N T A=

g = [0m 0m 100° 30° 60°]%,
WIGHIR LA

G- = [0m/s 0m/s 0(°)/s 0(°)/s 0(°)s)T.

N T BESDBDTE 7% [HI LA A Je 3k T2 B di ol
AR T v RE, R 2 H TR, 0O
Frsz b JIFEREAT ). SR IR 1R,

% | TB I 2% & TFSDBDAL M AEAT L

Table 1 Comparison of impact resistance of SDBD at
different satellite velocities

4'SDBD #7%SDBD [#{&
B bt HAY
J15E/Nm  J%E/Nm /%

TR

(m - s ,m-s71, (°)/s)

[0.05 0.05 8.6]F 54.37 91.51  40.59
[0.05 0 0% 18.24 35.43  48.52
[0 0.05 0" 2.35 4.90 52.04
00 86T 31.80 55.35  42.55

MFRIAT LA Y, FERERE I AR o, X T 45 € A
[ B3 B2, SDBD)fig ik & 1 B IR OG5 pr sz b e
7156, B K] LAFRAK52.04%, BRI R LA H Ge
FERY R RN SR BB A PRI .
5.2 BRI R SRR 1k AE AR AL
N T SEBAH R G ™ B R R A A R G EUE
P, R 2(30) Ao FFZ il o REons Feb AT 2]
o, I PERE PRI B O I R GUIRAS R T AR iR 22
PHIESS; SR )5, FIF APEXZAE 5 IR AR A il A
THES f; &a, W THE SX RGURESHAT L,
T AN Wt A5 RSR 5 1) 2338 1) B fLIE IR, RISk
PPz oA I BB 7 SRt i sk 5 2 &
e, W LAA R 3 o IR 5 YR B — T3 R R A
A I, AT SIS RASTR B R R SE U 12 ).
U6
n=1, Kw = diag{50,50, 50},
A = diag{0.5,0.5,0.5}, K¢ = diag{50, 50, 50},
K, = diag{2000, 2000, 2000},

LA ARIIR AL B S R 5551717, 2N
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ds(0) = [0.05 0.05 8.6(°)/s|T, & 1K R 4 IR
A Nga = [100° 30° 60°)*. A T AT HE {7 5%
T, T E L SDBDA Al i 7 A e 7 HE D
LA BETTHL, LTt BT el R s i J0AE AT 1 2E,
IRl B LAE & AR R 1 s 5 T HL. 45 & 20(15) 1) af
THEH UL R A 14 RGN E N gsp = [91.81°
17.16° 34.65°)T, i KA N20s.

N T R E IS R SDBDIERE, A
H A% FH [ — FhSBD—Hf Bk 38 14 $h AT 23 (series
elastic actuator, SEA)#EAT T bt {RBEAE EEML 1k 1
LT, RATREAZ b 715960 Nm; 55 14007 2
BRI BIME R E N Fe = 40 Nm, JPHLJHERI{E
WE NFo = 5 Nm; %8B HE 2 AL & A AL 4E
B BG N, A5 P Re AR sz e R R, Rt
ST B LI FEBIE S B N Fe = 30 Nm, JF
WIHEBME R E A Fo = 5 Nm.

I A4S R LT DL IR, FEIR AR RS bR
WAGHERSFERERN, BEMNET oA
Wi Hh A H AR ST 5 RSO I 25 24T 0L, B2k
P ) 2 (0 B AA .

04T T T T T T T T T T T T T T T T T
03r —
02 | | - KL A
o1b | - K2
oio?-f“
01F || 1
-02F " | | i
-0.3+ i

_0'4 1 1 Il 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
01234567891011121314151617181920

t/s

(=N
7

1
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4E

K 4 & SDBDATIES (R 14)
Fig. 4 Penalty signal with SDBD (1st group)
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K5 FLESEAMLTIE 5 (3 14)
Fig. 5 Penalty signal with SEA (1st group)
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IR JE A AT DL AR i B, R GRIN
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Fig. 6 Switch signal of motor with SDBD (1st group)
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T E10-11ATE 12-13 % e AT & BLEL B SDBD
LU IC B SEARE 5 47 (1945 b 70 BR 1) £ 22 4= Y
W, BIA 2 IR AL BRE f5 ol 0 gk 2 BT
PIER G, 25 FE Bl 55 (51 FH B[] FRD 386 o, %15 e v
AR 2 N BE, K AC B SDBD ) 2 Al AL 8% A K
FUBC B SEA B 23 [ LA N B SR B FH A i

i id Bl 14-167] LUE H, B B SDBD 5 At B SEA
YIReME R AL BHEIRA, (2L B SDBDAHE: T-AL
B SEABA H /N I 2, A0 e ik HH i E SDBD A
B LR 1.

50 T /) T T T T T T T T T T T T T T

30 — kT A
\ A - %sz

10 _ b i
oF
-10

KA 7746 / Nm

-30 |+ -

1 1 1 11 L L L 1 1 1

91011121314151617181920
t/s

10 ECESDBD X it I (55 141)
Fig. 10 Joint impact torque with SDBD (1st group)
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Fig. 12 Joint impact torque with SDBD (2nd group)
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Fig. 13 Joint impact torque with SEA (2nd group)
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