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Relative position and attitude coupled control based on
modified twisting algorithm

GENG Yunhai', CHEN Binglong', LIANG Haizhao®

(1. Research Center of Satellite Technology, Harbin Institute of Technology, 150080 Harbin, China;
2. Beijing Institute of Space Long March Vehicle, 100076 Beijing, China)

Abstract; The relative position and attitude coupled second-order sliding mode controller is proposed by combining
twisting algorithm with linear compensator for on-orbit servicing to a non-cooperative target spacecraft. On the basis
of a coupled relative motion model between docking ports on two spacecrafts, the modified twisting controllers with
linear compensation items are designed by using two different sliding surfaces. A strict Lyapunov function is
proposed to prove that the modified twisting controllers have the property of finite time convergence for bounded
perturbations and the upper bound for the time convergence is estimated. Simulation results are presented to validate
strong robustness of the proposed second-order controllers for model uncertainties and limited perturbations with the
comparison with the standard twisting algorithm. The chattering alleviation and attenuation is also achieved in
actuating mechanism.
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0.969x107* 4.109%1074 1.582x107*
2.958x107* 0.722x1072 3.029x1072
T, 4.243x107* 1.126x1072  1.041x107% 0.480x1073 0.458x1073  1.328x1072  4.843x107*
3.631x107* 1. 121x1072 1.329%x1072
2.766x107° 8.464x107™ 6.829%x107*
M, 2.862x107° 8.597x10™*  3.621x107° 4.892x107° 3.537x107° 13.720x10™*  3.018x107°
2.718x107° 8.210x10™* 9.098x107*
2.456x107* 0.894x1073 5.835%x1073
aul = ald()[l + CUS(O- St)]
T, 5.323x107* 1.655x107%  2.219x107°  1.197x1073 1.080x107>  4.488x107*  6.174x107*
a, =agll +sin(0.5) ]
4.683x107* 1.404x1073 4.108x1073
6.532x107° 3.883x107™* 1.711x107*
M, 6.458x107° 3.797x10™*  0.367x107°  2.835x107> 1.991x10™°  1.567x107*  8.251x107°
7.166x107° 3.982x107* 1.582x107*
x4 JA+10%,],+10 %32 55 B
Ap x 107%/ AV X 107%/ Ag, x 1075/ A9, x 107/ Ap, x 107/ Aw, x 107/ Al pyyee | X 1075/
A »
m (m-s7) (°) () () () +s™h m
2.738 8.172 5.211
M, 2.931 8. 438 2.769 4.829 5. 678 10. 220 1.627
2. 803 8.339 8. 459
a; = ay (1 +0.5)
8. 260 4.279 1.521
M,  12.620 4.819 0. 760 7.718 20. 130 2. 145 1.392
12.390 4.766 7. 158
2.984 8. 409 5.211
M, 2.811 8.265 2.769 4.829 5.678 10. 220 1. 466
2.859 8. 590 8. 459
a, = amo[l +cos(0.5t) ]
ay, = a1 +sin(0.5)] 4.701 4.040 1.521
M, 5.265 3.949 0. 760 7.718 20. 130 2.145 4.477
5.291 3.854 7.158
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x5 JA+10%,J,~10 %oHI ¥ 115 B

Ap x 1075/ AV X107/ Ap, x107%/ A0, x 107/ Ay, x 107/ Ae, x 107/ Al pge, | X 107/

s
m (m-s™) ) (*) (®) ((2) +s™) m
2.993 8. 761 4.823
M, 2.725 7.921 2.294 4.828 5.579 10. 070 1. 647
o = an(1 0.5 2..800 8.245 8.314
11.710 4.360 1.534
M,  13.480 4.176 0. 820 10. 300 10.350 2.079 1.706
10. 120 3.936 6.931
2.873 8.538 4.823
M, 2.841 8.377 2.294 4.828 5.579 10. 070 1.391
@y = a1+ cos(0.5)] 2. 845 8.346 8.314
ay = aqll +sin(0.5) ] 5. 560 4302 1.534
M, 3.993 3.580 0. 820 10.300 10.350 2.079 4.013
6.829 4.157 6.931

£R6 J-10%,],+10 %= 515 B

Ap x 107°/ AV x107%/ Ag, x 1075/ A8, x 107/ Ag, x 107/ Aw, x 107/ Al pyye | X 1075/

FE A
m (m-s™") (*) (*) (*) ((°) -s™) m
2.810 8.410 5.876
M, 2.784 8.329 2.700 5.775 6.817 12.230 1.535
2.709 8.238 10. 180
% = aa(l +0.30) 6.786 4.691 1.925
M, 9. 837 4.082 5.372 13.780 18.330 2.622 8.924
8.508 4. 460 8.535
2.779 8.136 5.876
M, 2.966 8. 566 2.700 5.775 6.817 12.230 1. 603
ay = a1 +cos(0.50) ] 3.036 8.562 10. 180
a, = ayl1 +sin(0.5)] 8.794 4. 301 1.925
M, 5.506 4.071 5.372 13.780 18. 330 2.622 6.225
9.395 3.954 8.535
x®7 J-10%,],-10%M=HIEE
" A x 1073/ AVX 107/ Ap, x 107/ Af, x 1075/ Ay, x 107/ Aw, X107/ Al peye | X 1075/
FEila
m (m-s™) (®) (®) (°) () +s™h m
2. 604 7.870 5.913
M, 2. 806 8.319 2. 800 5.954 7.310 12.15 1.432
2.812 8.757 10. 34
@ = dal1 +0.50) 7.185 4.420 1.916
M, 6.388 4.284 1.530 12. 840 13.730 2.523 6.901
6. 386 4.283 8.337
2.919 8. 496 5.913
M, 2.949 8.579 2. 800 5.954 7.310 12. 150 1.448
ay = a1 +cos(0.5)] 2.848 8.185 10. 340
ay =ayl1 +sin(0.5)] 7.124 4.327 1.916
M, 4.288 4.088 1.530 12. 840 13.730 2.523 5.121
6. 601 4.008 8.337
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