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Studies on Feedback Error Learning Control

of Prefilter-Integration-Type *

Makoto Noguchi

Abstract

Feedback Error Learning (FEL) is a biological motion learning mechanism
which has been originally proposed by Kawato et al.. When a biological motion
is performed, a musculoskeletal system is driven by command signals transmitted
from brain, after making judgmental decisions based on the information recieved
from biological sensors. However, it is difficult to realize desired motion character-
istics by only feedback (FB) control. Because the neural FB path, from biological
sensors to muscles, through brain, has relatively long time delay. Therefore, it is
considered that a function of feedforward (FF) control is embedded into biological
body. The FF control is performed acquiring an inverse model into brain based
on learning using FB error.

In recent years, application of FEL schemes to linear control theory has been ac-
tive. The researches are different from the scheme of Kawato et al. and an inverse
system is constructed by linear controller. Firstly, Miyamura et al. constructed
FEL by linear controller and established its stability based on an assumption of
Positive Realness (PR). Secondly, Muramatsu et al. eliminated the assumption.
The above two works are the most important and pioneering one for FEL in the
linear control theory.

Conventional FEL schemes apply a prefilter to the reference signal, in order to

compensate the delay of the plant. In this case, however, the prefilter parameters,

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0861014, February 2, 2011.
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which is known, have to be learned as well as the plant parameters. In this thesis,
improved FEL schemes are studied.

In the first part, prefilter-integration-type FEL(PIT-FEL) is proposed. The
scheme can improve the above redundancy by using the prefilter’s state variables
as well as original FF signals. Therefore, only unknown parameters of an inverse
system can be learned.

In the second part, improved PIT-FEL is proposed. After improving the FF
controller, based on an idea of Muramatsu et al., a learning law without recourse
to PR is derived. Because the learning law utilizes error model that is linear to
unknown parameters (which is newly defined in stead of original tracking error
of closed loop), designers can use not only fixed-gain-type learning law but also
variable-gain-type one (Because variable-gain-type can be also used, PIT-FEL
has an advantage in terms of learning speed.) .

In the third part, Virtual FEL(VFEL) is proposed. The above scheme has a
drawback that a time variant system is inserted into the closed loop system as a
side effect from eliminating an assumption of PR for stability. To improve both
complexity of two-degree-of-freedom (2DOF) structure and the above drawback,
FF controller is connected in front of the closed loop system by means of cascade

connection.

Keywords:

Feedback Error Learning (FEL), Strictly Proper Plant, Multi-input Multi-output
(MIMO) System, Feedforward Control, Prefilter-Integration-Type Learning Law,
Virtual FEL (VFEL)
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01 000000000000 (No.1O25)

P(s)O No. | P(s)00000000000 V = [ag, a1, ag, by, byl
1 V = [—20.3120, 34.0915, —11.8931, —73.4252, —12.1593]
2 V = [~78.7158, —78.6411, —26.5782, —52.0785, —30.7720]
3 V = [—86.9128,22.0701, 40.3106, —77.6765, —80.8353]
4 V = —63.4567, —79.7571, —59.6831, —73.0508, —35.2422]
5 V = [94.5210, 21.0637, —32.3528, 85.5967, 79.6849]
6 V = [—73.8697, —80.7289, 25.5013, —94.1825, —72.7611]
7 V = [38.9111, 3.1358, 8.5165, 61.6967, 58.7372)]
8 V = [21.2360, 53.2059, 69.2305, 80.3962, 19.1414]
9 V = [-54.6292, —10.7938, —46.7557, —8.1807, —13.4189)]
10 V = [36.9378, —11.3813, —12.8674, 58.6047, 63.1113)]
11 V = [50.4225, 57.8512, 0.2535, 11.0364, 26.1499)
12 V = [37.8249, 43.5763, 11.8058, 6.6708, 75.1448]
13 V = [31.8352, 16.0013, 81.9903, 27.2012, 5.1123]
14 V = [—68.9077,0.4735, 13.5466, —62.3456, —35.1607]
15 V = [—8.1955, —90.3943, —22.9296, —27.6567, —42.4832]
16 V = [—86.5440, —63.6836, 15.1495, —62.8230, —41.7103]
17 V = [-7.6672, —30.6045, —36.3669, —8.0171, —52.8210]
18 V = [90.8174, —11.1324, —8.6234, 19.9634, 68.5244]
19 V = [62.1665, 85.7758, 34.5435, —25.5335, —18.8609)
20 V = [32.0144, 38.0210, 70.7447, —6.4197, —8.3043]
21 V = [—30.7780,49.5634, —17.2761, —88.8495, —21.9944]
22 V = [—89.1237, —47.9972, 17.8207, —4.0533, —60.2699)]
23 V = [-19.6987, —7.5229, 41.4564, —19.7579, —97.1229)]
24 V = [74.2471, —65.4419, 70.0448, 91.9177, 54.0414]
25 V = [25.9623, 71.4029, 79.9597, —30.3263, —2.7380)]
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02 000000000000 (No.26050)

P(s)0 No. | P(s)00000000000 V = [ag, a1, a, b, bo]
26 V = [-73.3654, —40.9982, —66.6746, —36.5792, —78.0321]
27 V' = [57.9693,82.7041, 6.6509, 60.8153, 12.5321]
28 V' =[97.0360, 7.8662, —25.2330, 41.3470, 89.4823]
29 V = [89.8246,90.6363, 46.5847, —23.0640, —91.9835]
30 V = [—47.0867, —37.0602, —63.3609, —10.5053, —34.6643]
31 V = [-20.0762, —34.9165, 11.0780, —40.9160, —26.7760]
32 V = [5.0468, —33.7446, —13.6813, 43.5803, 83.2424]
33 V = [-59.0095, 24.2510, —65.1958, —42.0920, —96.2994]
34 V' =[40.2993,90.4183,49.8019, 51.3455, 8.4178§]
35 V = [58.7121,62.5631, 80.7582, 8.0751, 63.5727]
36 V = [-75.0201, 23.4365, —28.8961, —27.4124, —86.3023]
37 V = [—16.6469, —43.9414,19.6201, —92.7050, —87.2627]
38 V = [—35.4235, —80.3243, —65.9911, —25.7672, —92.0477]
39 V = [—85.0311, —88.5315, —39.8087, 4.3442, 12.3760]
40 V = [62.5888, —17.5853, —23.1674, 4.6253, 78.4298]
41 V = [—18.8159,20.8778, —81.0393, —32.8037, —71.0316]
42 V' =9.2968, 10.1656, 38.9074, 85.4988, 88.8421]
43 V = [34.6793,37.0534, 39.1490, 59.9663, 32.1210]
44 V = [—26.6248, —44.8309, —46.7805, —54.6923, —99.7358]
45 V = [-96.2209, —59.5765, —6.1814, —24.3210, —31.9213]
46 V = [—66.6794, —79.5812, —70.7506, 34.3130, 27.9706]
47 V = [—3.9287, —77.4025, —73.5261, —87.1995, —84.1405]
48 V = [25.3908, —17.7332,27.7179, 71.3114, 52.7150]
49 V = [-77.8060, —60.0295, —67.4072, —92.6245, —45.4551]
50 V = [36.2512,42.9073, —8.0438, 83.8537,97.7887]
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03 0000 (No.lO25)000000

P(s) O No. P(s)00O P(s)0O0OO | |lellz, | OO
1 1.1838, 0.4946 —0.1656 | 0.3293 | o
2 —0.4995, 0.29697, —0.4995 — 0.2969: —0.5909 | 0.7304 | o
3 0.8197, —0.5658 —1.0407 | 09429 | o
4 —0.6284 + 0.73867, —0.6284 — 0.73867 | —0.4824 | 0.1887 | ©
o} —0.7070,0.4841 —-0.9309 |0.9212 | o
6 —1.4524,0.2377 —0.7726 | 0.7112 | o
7 —0.0403 + 0.46617, —0.0403 — 0.4661z | —0.9520 | 0.4162 | ©
8 —1.2527 4 1.30037, —1.2527 — 1.3003z | —0.2381 | 0.4825 | o
9 —0.0988 + 0.9198:, —0.0988 — 0.9198: | —1.6403 | 1.2100 | ©
10 0.7641, —0.4559 —-1.0769 | 0.5392 | o
11 —1.1429, —0.0044 —2.3694 | 1.6182 | o
12 —0.7163, —0.4357 —11.2647 | 0.6012 | ©
13 —0.2513 4 1.58507, —0.2513 — 1.5850z | —0.1879 | 0.9424 | o
14 0.4468, —0.4400 —0.5640 | 09421 | o
15 —10.7699, —0.2598 —1.5361 | 0.3947 | o
16 —0.9251,0.1892 —0.6639 | 0.9976 | o
17 —1.9958 4+ 0.87174, —1.9958 — 0.87172 | —6.5886 | 0.1911 | ©
18 0.3755, —0.2529 —3.4325 | 0.8828 | o
19 —0.6899 + 0.2823¢, —0.6899 — 0.2823: | —0.7387 | 2.9564 | X
20 —0.5938 4 1.3628:, —0.5938 — 1.3628:; | —1.2936 | 3.0076 | X
21 1.1001, 0.5102 —0.2475 | 03738 | o
22 —0.7913,0.2527 —14.8694 | 1.3574 | ©
23 —1.6542,1.2723 —4.9157 | 04511 | o
24 0.4407 + 0.865617, 0.4407 — 0.8656¢ —0.5879 | 0.3332 | o
25 —1.3751 + 1.0904¢, —1.3751 — 1.0904z | —0.0903 | 2.1856 | x
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04 0000 (No.26050)000000

P(s) O No. P(s)00O P(s)0O0OO | |lellz, | OO
26 —0.2794 + 0.9114¢, —0.2794 — 0.9114: | —2.1332 | 0.4860 | ©
27 —1.3411, —0.0855 —-0.2061 | 0.3732 | o
28 —0.5521,0.4710 —2.1642 | 09831 | o
29 —0.5045 + 0.51397, —0.5045 — 0.5139: | —3.9882 | 2.2516 | X
30 —0.3935 + 1.09127, —0.3935 — 1.0912: | —3.2997 | 0.5686 | ©
31 —2.0133,0.2741 —0.65644 | 0.5231 | o
32 7.0698, —0.3834 —1.9101 | 0.0138 | o
33 0.2055 + 1.0308¢, 0.2055 — 1.0308z —2.2878 | 0.0605 | o
34 —1.2725,-0.9711 —-0.1639 | 0.3192 | o
35 —0.5328 + 1.0448:, —0.5328 — 1.0448: | —7.8726 | 0.5985 | ©
36 0.1562 + 0.6006¢, 0.1562 — 0.60062 —3.1483 | 0.3729 | o
37 —3.0288 + 0.00001, 0.3891 + 0.0000¢ —0.9413 | 0.3059 | o
38 —1.1338 4+ 0.75997, —1.1338 — 0.7599: | —3.5723 | 0.4010 | ©
39 —0.5206 + 0.4440¢, —0.5206 — 0.44407 | —2.8488 | 4.0501 | x
40 0.7649, —0.4839 —16.9567 | 0.4058 | ©
41 0.5548 4 1.9998:, 0.554 — 1.9998: —2.1654 | 0.6090 | o
42 —0.5467 4+ 1.97137, —0.5467 — 1.9713: | —1.0391 | 0.1428 | ©
43 —0.5342 + 0.91844, —0.5342 — 0.9184: | —0.5357 | 0.1074 | ©
44 —0.8419 + 1.0238¢, —0.8419 — 1.0238: | —1.8236 | 0.1364 | ©
45 —0.4873, —0.1318 —1.3125 | 1.6615 | o
46 —0.5967 4 0.83967, —0.5967 — 0.8396: | —0.8152 | 1.8964 | x
47 —18.7010, —1.0008 —0.9649 | 0.3085 | o
48 0.3492 + 0.98477,0.3492 — 0.98471 —0.7392 | 0.0988 | o
49 —0.3858 4 0.84717, —0.3858 — 0.8471z | —0.4907 | 0.2545 | ©
50 —1.3482,0.1646 —1.1662 | 0.4116 | o
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06 J00000D0O0OODOOO (No.1O25)

P(s)0 No. | P(s)00000000000 V = [as, a1, ao, by, bo]
1 V = [—78.1332, —22.0139, 18.1809, —8.1240, —89.9320]
2 V = [—71.9489, —47.9740, —82.6370, —14.1205, —48.5434]
3 V = [—51.2853,57.0140, —85.1821, —21.2233, —99.3212)]
4 V = [—55.8646, —99.7399, —62.1641, —71.5032, —46.3848]
5 V = [87.1323, 63.7429, 45.6524, —64.8377, —27.9258]
6 V = [—62.2420, —99.7603, —36.7161, 39.9234, 25.0510]
7 V = [~69.6106, —20.5782, —25.0555, —73.7771, —12.9919]
8 V = [28.4630, —55.7469, 67.4113, 94.2150, 69.2746]
9 V = [—9.5585, 50.4456, —78.0277, —78.0515, —46.0233]
10 V = [42.3313, 74.2953, —34.2621, 30.0236, 94.9672]
11 V = [—84.8065, 17.4038, —17.2227, —38.1727, —47.2332)]
12 V = [11.7118, 51.3261, 99.0962, 92.4863, 7.0134]
13 V = [80.3982, 40.4133, —24.5090, 46.9912, 90.8206]
14 V = [—99.7162, —93.9229, —58.3060, —9.0068, —74.5468]
15 V = [26.6667,24.8001, —34.4117,60.5931, 99.8956]
16 V = [90.1581, —0.4846, 51.0292, 48.4810, 66.2259)]
17 V = [—71.2183,21.1918, —49.1038, —35.1692, —19.6418]
18 V = [~18.7253, —22.7618, 21.9604, —66.6219, —62.3816]
19 V = [38.5637, 64.8156, 65.5955, —41.3264, —38.1262)]
20 V = [4.6060, —34.9402, 66.3685, 62.0590, 11.3997]
21 V = [—28.9186, —90.5845, —57.2679, —20.4322, —33.2664]
22 V = [86.4937, 52.6526, 65.2899, 14.6927, 58.5163]
23 V = [—34.1918, —55.3076, —37.5227, 16.9047, 65.9828]
24 V = [—54.3135,30.3994, —86.7680, —44.9137, —43.6360]
25 V = [76.0133, —11.1339, 51.1828, 20.6593, 56.6532]
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07 000000000000 (No.26050)

P(s)0 No. | P(s)00000000000 V = [ag, a1, a, b, bo]
26 V = [55.0056, 82.8376, 56.5101, —40.8932, —69.6309]
27 V = [—47.8977,37.9276, —73.6339, —75.2998, —61.8194]
28 V = [85.1716, —1.4723,30.9766, 78.0247, 7.7051]
29 V = [—90.4425, —89.2045, —95.8764, 36.2957, 19.7257]
30 V = [-77.1940,59.2491, 23.5701, —85.9573, —86.1442]
31 V = [-81.6256, —19.5823, —40.9638, —38.7006, —78.8878]
32 V = [2.2213, —26.6333, 47.8959, 4.9480, 60.9042]
33 V = [-60.0332,21.4680, 8.6090, —67.5351, —98.8694]
34 V =[-0.3791, —2.5139, —54.1062, —82.8896, —86.5233]
35 V = [77.6782, —53.3665, 72.3192,42.3470, 74.5626]
36 V' = [30.6914, —2.0689, 94.5704, 49.6980, 13.5682]
37 V = [—44.3466, —32.0486, —42.5301, —65.8194, —20.1473]
38 V' = [88.9568, 42.8943, 35.8439, 91.8761, 55.0669]
39 V = [-57.3459, —23.4124, —94.0664, —5.5358, —33.3255]
40 V = [65.2613,98.2406, 4.7895, 85.0874, 47.8044]
41 V' = [13.4860, 93.7555, 64.8999, 91.9219, 29.2692]
42 V = [—42.1030, —86.3258, —83.0059, —86.3321, —18.0367]
43 V = [14.2714,25.7387,75.5528, 32.4703, 75.0827]
44 V = [34.2328,30.4842, 6.2098, 43.0214, 0.9621]
45 V = [66.5508, 45.3274, 5.9491, 65.8161, 2.3749]
46 V = [-2.3029, —68.0262, 33.3677, —96.4159, —76.0649]
47 V = [86.3232,56.6204, 37.1374, —6.7561, —47.9364]
48 V = [13.8536, —50.2459, —36.1397, 82.1604, 77.0440]
49 V = [82.6365,32.7937, —22.1614, 48.0015, 63.5270]
50 V = [—80.2740,46.9118,27.4613, —85.2316, —75.8984]
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08 O0OO (No.lO25)00000O0O

P(s) O No. P(s)0O P(s)0OO llell, | OO
1 —0.6434,0.3617 —11.0699 | 6.8761 | o
2 —0.3334 + 1.0185¢, —0.3334 — 1.0185: | —3.4378 0.4513 | o
3 0.5559 + 1.1627¢,0.5559 — 1.1627¢ —4.6798 0.7944 | o
4 —0.8927 + 0.5620z, —0.8927 — 0.56207 | —0.6487 0.1028 | o
5 —0.3658 + 0.6246¢, —0.3658 — 0.6246: | —0.4307 5.9048 | x
6 —1.0302, —0.5726 —0.6275 0.3819 | o
7 —0.1478 4 0.5815¢, —0.1478 — 0.5815: | —0.1761 0.3266 | o
8 0.9793 + 1.1872¢,0.9793 — 1.1872¢ —0.7353 0.5521 | o
9 2.6388 + 1.0954¢, 2.6388 — 1.09541¢ —0.5897 0.5517 | o
10 —2.1343,0.3792 —3.1631 0.7976 | ©
11 0.1026 + 0.4388¢,0.1026 — 0.4388: —1.2374 0.7222 | o
12 —2.1912 +1.91317, —-2.1912 — 1.91312 | —0.0758 0.3481 | o
13 —0.8580, 0.3553 —1.9327 0.7458 | o
14 —0.4710 + 0.60247, —0.4710 — 0.60247 | —8.2768 0.9966 | ©
15 —1.6925,0.7625 —1.6486 0.5795 | ©
16 0.0027 + 0.7523¢,0.0027 — 0.7523¢ —1.3660 0.4924 | o
17 0.1488 + 0.8169¢, 0.1488 — 0.8169¢ —0.5585 0.5814 | o
18 —1.8496, 0.6341 —0.9364 0.5132 | o
19 —0.8404 + 0.99747, —0.8404 — 0.99742 | —0.9226 3.9796 | x
20 3.7929 + 0.1514¢, 3.7929 — 0.15144 —0.1837 0.6449 | o
21 —2.2537, —0.8787 —1.6281 0.1407 | o
22 —0.3044 + 0.8138¢, —0.3044 — 0.8138: | —3.9827 0.6554 | o
23 —0.8088 + 0.6658¢, —0.8088 — 0.6658: | —3.9032 | 12.3506 | x
24 0.2799 + 1.2326¢,0.2799 — 1.23261¢ —0.9716 0.5631 | o
25 0.0732 + 0.8173¢,0.0732 — 0.8173¢ —2.7423 0.9245 | o
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09 0000 (No.26050)0 00000

P(s) O No. P(s)00O P(s)0DOO | |lell, | OO
26 —0.7530 4 0.67857, —0.7530 — 0.67852 —1.7028 | 1.3749 | o
27 0.3959 + 1.1750¢, 0.3959 — 1.1750z —0.8210 | 0.5300 | o
28 0.0086 + 0.6030z, 0.0086 — 0.6030z —0.0988 | 0.4424 | o
29 —0.4932 + 0.9038:, —0.4932 — 0.9038: —0.5435 | 7.5390 | x
30 1.0565, —0.2890 —-1.0022 | 0.8719 | o
31 —0.1200 + 0.69827, —0.1200 — 0.6982: —2.0384 | 04762 | o
32 9.7869, 2.2032 —12.3088 | 0.3367 | o
33 0.5976, —0.2400 —1.4640 | 0.5750 | o
34 —3.3156 + 11.47734, —3.3156 — 11.4773¢ | —1.0438 | 859.09 | X
35 0.3435 + 0.9017%,0.3435 — 0.9017: —1.7608 | 0.6629 | o
36 0.0337 + 1.7551%,0.0337 — 1.75511 —0.2730 | 04593 | o
37 —0.3613 + 0.91027, —0.3613 — 0.9102: —0.3061 | 0.3067 | o
38 —0.2411 + 0.58727, —0.2411 — 0.58721 —0.5994 | 0.2578 | ©
39 —0.2041 + 1.26447, —0.2041 — 1.2644¢ —6.0200 | 0.7379 | ©
40 —1.4549, —0.0504 —0.5618 | 0.3052 | o
41 —6.1724, —-0.7797 —0.3184 | 0.2075 | o
42 —1.0252 + 0.95944, —1.0252 — 0.95941 —-0.2089 | 0.2712 | o
43 —0.9018 + 2.11687, —0.9018 — 2.1168: —-2.3123 | 0.1071 | o
44 —0.5750, —0.3154 —0.0224 | 0.2052 | o
45 —0.5036, —0.1775 —0.0361 | 0.1828 | o
46 —30.0225, 0.4826 —0.7889 | 259708 | x
47 —0.3280 + 0.56807, —0.3280 — 0.5680: —7.0952 | 3.8099 | o
48 4.2419, —0.6150 —-0.9377 | 0.7948 | ©
49 —0.7530, 0.3562 —1.3234 | 08175 | o
50 0.9460, —0.3616 —0.8905 | 0.9193 | o
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FF controller
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gogbooboogoboon
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P(s) = (I+P(s)Kp(s)) ™" P(s)Kp(s)
= (Azh pr va Dp) (100)
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00000000000000 p=Y",p, 7= maxjccmp; 00000
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O00000000ooooO W(is)Oo
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goo
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01 0 | [0 |
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0 1 0
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(10) 0000 W(s)00OOOO0 FFOOOOO00000000000 (A, By)O
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nt) =1 m@) | € R w:=2v+p+1)m, (109)
§uw(t)
o

§w = 8 @Wi(s) |r (110)
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000000000000 (106)00000000¢(#)00 G()000000
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Y(s) = [sf(s)Jop+ " f(8)ogpory + -+ -+ sf(8)Jor + f(s)Ho + FoGr(s)]
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2&(t) = Ag&(t) + Byu(t)
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000000000000 53000000

0005300 (#)00000000000000000O000O0O0O00O00
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0000q=4,p=p=p =2000000L(s) = (1/25)s> + (2/5)s + 100
000000000000W(s)=L(s)' 0000000v=q—p=4—2=2

100



00000 A,B,02000000FELOO0ODOOOOGH) 00000000
Dobooboorro0obon

gbobogbbuogbbooobooobooobboobbooobboon
1000 5sec) 0000000000 DOOODOO0OOODOOOOODOOODOOOO
Oao=2000000000000000000000000 4000000
0000000000000 00000000C0DO00000 G UODOOoOoOo
gobooboboboboboboboboboboooooobobob 400
Dooboooooboobobooboboobobobboobobd VEEL
gboobobooodbobboooobbooogbbbogdss2gunboooan
gboobogbbogoboboobbuooobboooboobbuooobboon
ooboobobgbbobooooooooobobobobobobobobob

1

error

0 1000 2000 _ 3000 4000 5000

time] ]

0 8 VFELOODOODODOODOOOOOOoobOooobooo

5.5.2 MIMOUOOOO

gobbdooboboodobbboobboobboobobuooobobooon
O0D00C00oOoOosiIsod0oooooooooono G)oboooooooo

101



good
000000 BRl000DooooooMIMODOOO
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d(s) | 252+ 95+ 7 s>+ 55— 18
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010 D000000O0O0000 (No.1O 25)

P(s)O No. | P(s)00000000000 V = [ag, a1, ag, by, byl
1 V = [89.1893, 77.2824, 3.0009, 35.8817, 95.3587]
2 V = [—14.2717, —97.1087, —34.9429, —73.0596, —9.8965]
3 V = [14.4550, 58.4047, —16.0527, 6.5073, 85.1409)
4 V = [10.9525, 75.8557, 11.5715, 50.4668, 78.9802]
5 V = [45.5395, 30.1974, 32.9230, 87.7560, 7.0163]
6 V = [20.3120, 34.0915, —11.8931, —73.4252, —12.1593]
7 V = [~78.7158, —78.6411, —26.5782, —52.0785, —30.7720]
8 V = [—86.9128,22.0701,40.3106, —77.6765, —80.8353]
9 V = [—63.4567, —79.7571, —59.6831, —73.0508, —35.2422]
10 V = [94.5210, 21.0637, —32.3528, 85.5967, 79.6849]
11 V = [~73.8697, —89.7289, 25.5013, —94.1825, —72.7611]
12 V = [38.9111,3.1358, 8.5165, 61.6967, 58.7372]
13 V = [21.2360, 53.2059, 69.2305, 80.3962, 19.1414]
14 V = [~54.6292, —10.7938, —46.7557, —8.1807, —13.4189]
15 V = [36.9378, —11.3813, —12.8674, 58.6047, 63.1113]
16 V = [50.4225, 57.8512, 0.2535, 11.0364, 26.1499)]
17 V = [37.8249, 43.5763, 11.8058, 6.6708, 75.1448]
18 V = [31.8352, 16.0013, 81.9903, 27.2012, 5.1123]
19 V = [—68.9077,0.4735, 13.5466, —62.3456, —35.1607]
20 V = [~8.1955, —90.3943, —22.9296, —27.6567, —42.4832]
21 V = [~86.5440, —63.6836, 15.1495, —62.8230, —41.7103]
22 V = [~7.6672, —30.6045, —36.3669, —8.0171, —52.8210]
23 V = [90.8174, —11.1324, —8.6234, 19.9634, 68.5244]
24 V = [62.1665, 85.7758, 34.5435, —25.5335, —18.8609)
25 V = [32.0144, 38.0210, 70.7447, —6.4197, —8.3043]
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011 000000000000 (No.260 50)

P(s)O No. | P(s)00000000000 V = [ag, a1, ag, by, byl
26 V = [—30.7780,49.5634, —17.2761, —88.8495, —21.9944]
27 V = [—89.1237, —47.9972, 17.8207, —4.0533, —60.2699)]
28 V = [~19.6987, —7.5229, 41.4564, —19.7579, —97.1229)]
29 V = [74.2471, —65.4419, 70.0448, 91.9177, 54.0414]
30 V = [25.9623, 71.4029, 79.9597, —30.3263, —2.7380]
31 V = [—73.3654, —40.9982, —66.6746, —36.5792, —78.0321]
32 V = [57.9693, 82.7041, 6.6509, 60.8153, 12.5321]
33 V = [97.0360, 7.8662, —25.2330, 41.3470, 89.4823]
34 V = [89.8246, 90.6363, 46.5847, —23.0640, —91.9835]
35 V = [—47.0867, —37.0602, —63.3609, —10.5053, —34.6643)
36 V = [—20.0762, —34.9165, 11.0780, —40.9160, —26.7760]
37 V = [5.0468, —33.7446, —13.6813, 43.5303, 83.2424]
38 V = [—59.0095, 24.2510, —65.1958, —42.0920, —96.2994]
39 V = [40.2993, 90.4183, 49.8019, 51.3455, 8.4178)]
40 V = [58.7121, 62.5631, 80.7582, 8.0751, 63.5727]
41 V = [=75.0201, 23.4365, —28.8961, —27.4124, —86.3023]
42 V = [—16.6469, —43.9414, 19.6201, —92.7050, —87.2627]
43 V = [—35.4235, —80.3243, —65.9911, —25.7672, —92.0477]
44 V = [—85.0311, —88.5315, —39.8087, 4.3442, 12.3760]
45 V = [62.5888, —17.5853, —23.1674, 4.6253, 78.4298]
46 V = [—18.8159,20.8778, —81.0393, —32.8037, —71.0316]
A7 V = [9.2968, 10.1656, 38.9074, 85.4988, 88.8421]
48 V = [34.6793, 37.0534, 39.1490, 59.9663, 32.1210]
49 V = [—26.6248, —44.8309, —46.7805, —54.6923, —99.7358]
50 V = [=96.2209, —59.5765, —6.1814, —24.3210, —31.9213]
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012 0000 (No.lO25) 000000

P(s) O No. P(s)0O P(s)yooO | |lell, | OO
1 —0.8258, —0.0407 —2.6576 | 0.4671 | o
2 —6.4231, —0.3812 —0.1355 | 0.6766 | ©
3 —4.2988, 0.2583 —13.0839 | 0.4229 | o
4 —6.7698, —0.1561 —1.5650 | 0.4848 | o
5 —0.3316 + 0.7830¢, —0.3316 — 0.7830: | —0.0800 | 0.6013 | ©
6 1.1838, 0.4946 —0.1656 | 09745 | o
7 —0.4995 + 0.2969¢, —0.4995 — 0.2969: | —0.5909 | 0.5778
8 0.8197, —0.5658 —1.0407 | 5.8475 | O
9 —0.6284 + 0.7386¢, —0.6284 — 0.7386: | —0.4824 | 0.5820 | o
10 —0.7070, 0.4841 —0.9309 | 0.6736 | o
11 —1.4524,0.2377 —0.7726 | 0.6246 | o
12 —0.0403 + 0.46617, —0.0403 — 0.4661z | —0.9520 | 0.3812 | ©
13 —1.2527 + 1.3003¢, —1.2527 — 1.30037 | —0.2381 | 0.8154 | o
14 —0.0988 + 0.9198¢, —0.0988 — 0.9198; | —1.6403 | 1.3146 | ©
15 0.7641, —0.4559 —1.0769 | 0.3246 | o
16 —1.1429, —0.0044 —2.3694 | 0.6314 | o
17 —0.7163, —0.4357 —11.2647 | 0.4152 | o
18 —0.2513 + 1.5850¢, —0.2513 — 1.5850: | —0.1879 | 1.7085 | ©
19 0.4468, —0.4400 —0.5640 | 0.6497 | o
20 —10.7699, —0.2598 —1.5361 | 0.5887 | o
21 —0.9251,0.1892 —0.6639 | 0.6333 | o
22 —1.9958 + 0.8717¢,—1.9958 — 0.8717: | —6.5886 | 0.4972 | o
23 0.3755, —0.2529 —3.4325 | 0.5069 | o
24 —0.6899 + 0.2823¢, —0.6899 — 0.2823: | —0.7387 | 0.9812 | o
25 —0.5938 + 1.3628¢, —0.5938 — 1.3628; | —1.2936 | 1.1622 | o
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013 0000 (No.26050) 000000

P(s) O No. P(s)0O P(s)yooO | |lell, | OO
26 1.1001, 0.5102 —0.2475 | 1.6425 | o
27 —0.7913,0.2527 —14.8694 | 0.5039 | o
28 —1.6542,1.2723 —4.9157 | 0.5417 | o
29 0.4407 + 0.8656¢, 0.4407 — 0.86561¢ —-0.5879 | 3.9722 | o
30 —1.3751 + 1.0904¢, —1.3751 — 1.09047 | —0.0903 | 1.3846 | ©
31 —0.2794 + 0.9114¢, —0.2794 — 091147 | —2.1332 | 0.5848 | ©
32 —1.3411, —0.0855 —0.2061 | 0.5669 | o
33 —0.5521,0.4710 —2.1642 | 0.4006 | o
34 —0.5045 + 0.5139¢, —0.5045 — 0.5139: | —3.9882 | 2.9989 | o
35 —0.3935 + 1.0912¢, —0.3935 — 1.0912: | —3.2997 | 0.7290 | o
36 —2.0133,0.2741 —0.6544 | 0.7650 | o
37 7.0698, —0.3834 —1.9101 | 03341 | o
38 0.2055 + 1.0308¢, 0.2055 — 1.0308: —2.2878 | 1.0711| o
39 —1.2725,-0.9711 —0.1639 | 0.7340 | o
40 —0.5328 + 1.0448¢, —0.5328 — 1.0448:; | —7.8726 | 0.6282 | o
41 0.1562 + 0.6006¢, 0.1562 — 0.6006¢ —3.1483 | 1.0423 | o
42 —3.0288,0.3891 —0.9413 | 0.4651 | o
43 —1.1338 + 0.7599¢, —1.1338 — 0.7599: | —3.5723 | 0.5183 | ©
44 —0.5206 + 0.44407, —0.5206 — 0.44407 | —2.8488 |[1.0494 | o
45 0.7649, —0.4839 —16.9567 | 0.5074 | ©
46 0.5548 + 1.9998¢, 0.5548 — 1.9998: —2.1654 | 0.9525 | o
47 —0.5467 + 1.9713¢, —0.5467 — 1.9713: | —1.0391 | 04799 | o
48 —0.5342 + 0.9184¢, —0.5342 — 0.9184: | —0.5357 | 0.5500 | o
49 —0.8419 + 1.0238:, —0.8419 — 1.0238: | —1.8236 | 0.4552 | ©
50 —0.4873, —0.1318 —1.3125 | 0.6322 | o
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