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Application of an improved stochastic gradient method in discrete-time
system with time-delay

Yang Xiaodong Ma Guang
(North China Institute of Aerospace Engineering, Langfang 065000, China )

Abstract : In this paper, the problem of identification of discrete-time system with a time-delay is addressed. This problem
involves both the estimation of the time-delay and the estimation of the dynamic parameters. An Improved Stochastic
Gradient Descent Method based on auxiliary model theory and low-pass filtering technique with a variable forgetting fac-
tor is proposed to simultaneously estimate the time-delay and dynamic parameters on line. An auxiliary model is estab-
lished to estimate the noise-free output of system. A variable forgetting factor based on prediction error is introduced to
enhance the convergence rate and identification accuracy. Moreover, a low-pass filtering technique is used to widen the
convergence region and the sharp peaks of cost function are ‘spread out’, which makes the global minimum easier to
reach. Simulation results are included to show the effectiveness of the proposed method.
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x1 EXRBNBEREZER

k a, as, b, b, d err( %) SNR
50 —0.102 39 —0.04716 —0. 20246 0.010 39 0 99. 989 26.104
100 —0. 145 65 0. 056 809 —0.33617 —0.015 68 0 99.982 26.104
200 —0.203 92 0.194 68 —0.320 31 0.015 988 0 99.929 26. 104
500 —0.548 02 0.355 14 —0.309 81 0.118 5 0 93.565 26.104
800 —1.026 7 0. 347 05 —0. 306 09 0.265 89 1 93. 444 26.104
1 000 —1.175 9 0.263 4 0.235 99 0.478 87 1 93. 363 26. 104
2 000 —1.3155 0. 388 31 0.309 68 0.285 29 1 93. 334 26.104
3 000 —1.362 2 0.447 84 0.33178 0.249 15 1 93. 331 26.104
4 000 —1.379 1 0.467 69 0.325 56 0.243 05 1 93. 331 26. 104
5 000 —1.381 0.468 85 0.327 34 0.237 35 1 93.331 26.104
6 000 —1.390 7 0.481 46 0.323 83 0.238 69 1 93. 331 26.104
K2 FXYUHEEHER
k a, as, by by d err (%) SNR
50 —0.689 93 —0.143 69 0.483 49 —0.036 3 2 81.117 26.16
100 —0.859 51 0. 382 06 —0. 288 39 0.129 72 6 56. 23 26.16
200 —1.327 0.548 77 —0.089 92 —0.113 86 11 31. 299 26.16
500 —1.398 0.561 94 0.289 71 0.292 45 16 0.693 49 26.16
k a a, by b, d err( %) SNR
800 —1.350 5 0.434 34 0.317 44 0. 269 83 16 0. 380 39 26.16
1 000 —1.353 2 0.432 48 0.324 98 0.260 63 16 0. 348 63 26.16
2 000 —1.3637 0.448 44 0.322 93 0.250 14 16 0.214 58 26.16
3 000 —1.377 4 0.464 31 0.322 64 0.247 57 16 0.094 087 26.16
4 000 —1.377 5 0.461 5 0.325 78 0.238 59 16 0.082 827 26.16
5 000 —1.3839 0.465 91 0.325 49 0.236 65 16 0.041 641 26.16
6 000 —1.382 1 0.466 4 0. 325 06 0.239 52 16 0.043 324 26.16
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k a a b b, d err (%) SNR
50 —0.089 61 —0.032 22 —0.205 74 —0.001 22 0 99. 994 26.187
100 —0.131 09 0.071 392 —0.335 83 —0.023 17 0 99. 987 26.187
200 —0.189 51 0.199 96 —0.313 41 0.017 086 0 99. 933 26.187
500 —0.546 02 0.226 71 —0.068 8 0.299 29 1 93.522 26.187
800 —0.987 56 0.061 806 0.226 14 0.414 05 1 93. 407 26.187
1 000 —1.071 2 0.116 44 0.244 63 0.374 16 1 93. 383 26.187
2 000 —1.28 0.348 73 0.317 9 0.293 18 1 93. 337 26.187
3 000 —1.360 4 0.442 6 0.321 5 0.250 61 1 93. 331 26.187
4 000 —1.289 0.362 52 0.213 61 0.128 14 2 87.953 18. 046
5 000 —1.2855 0.372 29 0.235 57 0.136 75 2 87.953 18. 046
6 000 —1.2919 0.377 48 0.220 82 0.121 91 2 87.953 18. 046
4 AXHHAEEIER
k a, as; b, by d err( %) SNR
50 —0.777 87 —0.162 34 0.258 87 —0.003 42 2 87.294 25.965
100 —0.673 93 0.049 558 0.512 94 —0.021 11 3 81.075 25.965
200 —1.171 2 0.771 27 0.182 51 0.027 709 9 43.643 25. 965
500 —1.362 9 0.441 83 0.297 42 0.282 58 16 0.402 91 25. 965
800 —1.356 7 0.438 12 0.319 33 0.266 7 16 0.332 4 25.965
1 000 —1.3531 0.440 51 0.324 93 0.259 5 16 0.312 17 25.965
2 000 —1.374 1 0.455 05 0.320 86 0.251 45 16 0.156 04 25.965
3 000 —1.373 3 0.461 03 0.319 63 0.247 5 16 0.122 83 25.965
4 000 —1.3617 0.472 4 0.205 44 0.110 81 17 0.759 66 18. 294
5 000 —1.333 9 0.423 2 0.225 0.109 22 17 0.424 37 18. 294
6 000 —1.3156 0.401 64 0.222 87 0.119 65 17 0.2557 18. 294
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