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Fitting Based on Production System
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Abstract Solving actual high —precision rotation axes of revolute
pairs is one of significant initiatives to improve running—precision of a
set of equipment. As a classical approach, least square method is
difficult to obtain appropriate fitting straight line when measured
spatial points are intensive. It was found, through the study on the
problem, that least square method causes a 90° deflection easily, that
is, straight line after deflection locates in a vertical plane of the ideal
straight line, and that the reason resulted in deflection is that distance
function of least square method is not a single extreme value function,
the occurrence of deflection reaches only one of the minimums rather
than the extreme minimum in fact. In order to prevent the deflection, -
a production system based—on fitting method was proposed for spatial ’
straight line fitting. First, the proposed method specifies a basic
direction for the fitting line, and then sets the differential change, at
last, through limited iteration, the ideal fitting straight line can be ’ Java °
found. The proposed method can effectively avoid the deflection of
adopting least square method of straight line fitting, and has been

proved with a high value of application in practice through the real 1 >

joint axes measurement of a robot. ) °
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Fig. 1 Spatial straight line fitting 2
Fig. 2 Failure fitting straight line
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4) IF m ,THEN m

o

o

INPUT Point set {p}; Delta delta; Absolute deviation d

OUTPUT Line parameters m, n, p, %o, ¥o, 2o
VARIABLE sum, tmp_d ,imp_dO ,imp_d1
Step 1 Set mi=p|jlx=plilx; n=pljly—plily; p=pljlz-—
plilz. m, n, p
Set xg=pli].x; yo=plil.y; zo=pli]-z
Set tmp_d=0; sum=0

max{mi+ni+pi}

i
Step 2 Set tmp_d= X, d? B (2) %
Step 3 Do Step 4-21 While A BS(sum—tmp_d)>d
k
Step 4 Set m=m+delta, tmp_d0= 2 d;
Yod; (2) %
5
Step 5 Set m=m-2delta, tmp_d1= z d?

Step 6 If tmp_dO>tmp_d And tmp_d1>tmp_d

m=m-+delia

Else if tmp_dO<tmp_d And tmp_d1<tmp_d

If tmp_dO<tmp_d1

m=m+2delta

1

eview
e & ckosins)
tmp _d=tmp_d0O
Else
tmp_d=tmp_d1
End if

Else if tmp_dO<imp_d

m=m+2delta

tmp _d=tmp_d0O
Else
tmp _d=tmp_d1
End if
End if
End if
Step 7 -+
Step 8 -
Step 21 ---
Step 22 OUTPUT(m, n, p, %o, Yo, 20)
STOP
3
Windows XP Java s
1 2 o

Table 1 Comparison between two methods for general straight line fitting

X

Y

z

0.004 004 771 561 840
0.012 014 314 685 519
0.020 023 857 809 198
0.028 033 400 932 877
0.036 042 944 056 557
0.044 052 487 180 236
0.052 062 030 303 915
0.060 071 573 427 594
0.068 081 116 551 274
0.076 090 659 674 953
0.084 100 202 798 632
0.092 109 745 922 311
0.100 119 289 045 991
0.108 128 832 169 670
0.116 138 375 293 349
0.124 147 918 417 028
0.132 157 461 540 707
0.140 167 004 664 387
0.148 176 547 788 066

CESEGESSSSe® AU e~

0.007 421 122 650 927
0.022 263 367 952 782
0.037 105 613 254 636
0.051 947 858 556 490
0.066 790 103 858 344
0.081 632 349 160 199
0.096 474 594 462 053
0.111 316 839 763 907
0.126 159 085 065 762
0.141 001 330 367 616
0.155 843 575 669 470
0.170 685 820 971 324
0.185 528 066 273 179
0.200 370 311 575 033
0.215 212 556 876 887
0.230 054 802 178 742
0.244 897 047 480 596
0.259 739 292 782 450
0.274 581 538 084 305

0.005 374 824 958 766
0.016 124 474 876 299
0.026 874 124 793 831
0.037 623 774 711 364
0.048 373 424 628 896
0.059 123 074 546 429
0.069 872 724 463 961
0.080 622 374 381 494
0.091 372 024 299 026
0.102 121 674 216 559
0.112 871 324 134 091
0.123 620 974 051 624
0.134 370 623 969 156
0.145 120 273 886 689
0.155 869 923 804 221
0.166 619 573 721 754
0.177 369 223 639 286
0.188 118 873 556 819
0.198 868 523 474 351

20 0.156 186 090 911 745 0.289 423 783 386 159 0.209 618 173 391 884
21 0.164 195 634 035 424 0.304 266 028 688 013 0.220 367 823 309 416
22 0.172 205 177 159 104 0.319 108 273 989 867 0.231 117 473 226 949
23 0.180 214 720 282 783 0.333 950 519 291 722 0.241 867 123 144 481
m 0.400 477 156 183 9 n 0.742 112 265 092 7 p 0.537 482 495 876 6
m 0.400 477 160 520 5 n 0.742 112 262 245 1 p 0.537 482 496 577 0
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Table 2 Comparison between two methods for straight line fitting on spatial intensive points
X Yy z
1 0.000 000 792 0.000 000 576 0.650 000 846
2 0.000 000 616 0.000 000 448 0.650 000 658
3 0.000 000 440 0.000 000 320 0.650 000 470
4 0.000 000 264 0.000 000 192 0.650 000 282
5 0.000 000 088 0.000 000 064 0.650 000 094
6 -0.000 000 088 -0.000 000 064 0.649 999 906
7 -0.000 000 264 -0.000 000 192 0.649 999 718
8 -0.000 000 440 -0.000 000 320 0.649 999 530
9 -0.000 000 616 -0.000 000 448 0.649 999 342
10 -0.000 000 792 -0.000 000 576 0.649 999 154
11 -0.000 000 968 -0.000 000 704 0.649 998 966
12 -0.000 001 144 -0.000 000 832 0.649 998 778
13 -0.000 001 320 -0.000 000 960 0.649 998 590
14 -0.000 001 496 -0.000 001 088 0.649 998 402
15 -0.000 001 672 -0.000 001 216 0.649 998 214
16 -0.000 001 848 -0.000 001 344 0.649 998 026
17 -0.000 002 024 -0.000 001 472 0.649 997 838
18 -0.000 002 200 -0.000 001 600 0.649 997 650
19 -0.000 002 376 -0.000 001 728 0.649 997 462
m —0.446 690 497 534 5 n 0.611 4518843216  p —0.653 141 785 963 7
m -0.611 451 884 496 9 n -0.446 690 497 663 1  p -0.653 141 785 711 6
1 4 o
107, CimCore .
o 2 o
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Fig. 3 Measure principle of joint axis Fig. 4 Robot arm and measure
2009,27(13)
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Table 3 Parameters of axis
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X

y

z

X

¥

z
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1.231 766 623
-0.003 458 946
1.647 924 723
1.229 536 133
-0.003 744 988
1.747 899 414

0.999 982 726
0.007 785 237
0.811 265 899
1.010 101 624
-0.091 639 549
0.807 755 859

0.995 793 487
0.102 733 905
1.923 230 777
1.004 649 956
0.003 128 010
1.923 708 892

-0.545 777 207
-0.696 016 665
0.602 653 533
-0.669 060 452
-0.635 020 640
0.611 838 624

-0.608 366 724
-0.071 043 633
0.602 452 371
—-0.534 038 259
-0.487 424 530
0.610 713 654

-0.576 209 311
—-0.714 502 348
0.523 316 213
-0.516 876 436
-0.599 304 693
0.502 675 175

4

DH

Table 4 DH parameters of the robot arm

0/(°)

o/ (°)

a/mm

d/mm

T1
T2
T3
T4
T5
T6

139.507 710 520 539
-90.285 650 380 343
0.452 594 151 557
—-1.129 726 763 981
-86.710 816 624 951
178.635 591 989 439

-91.484 059 527 711
—0.211 404 255 910
-90.062 248 733 814
86.237 259 428 842
90.011 767 396 621
89.838 012 255 116

201.367 619 153 294

1 112.566 832 445 129
260.332 918 666 243
0.741 605 219 105
4.886 929 917 921
0.226 735 690 241

-389.298 754 966 625
-46.467 700 082 877
—1.487 266 599 437

1 325.240 075 108 269
—-2.748 264 434 855
313.339 428 171 977

DH
DH

Fig. 5 The robot is writing
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