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A Study on the Effect of the Machine State Considering Human Skillfulness
(Kalman Filtering Approach)
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ABSTRACT

This paper proposes a dynamic recursive model with the effect analysis of machine state considering
human factor(human skillfulness) in a single lot man-machine production system. This model obtained
using Kalman Filtering Algorithm is based on input state, output state, machine state.

For sensitivity analysis, this model constructed is examined according to the impact of human
skillfulness with computer simulation. The model studied in this paper has a great advance from the
point of view a combination of three factors(human engineering, dynamic control theory, quality
control) and can also be extended in several applications.
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W3 ol 1A So] Ha 0.27) f-&u) dujFo]
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Table 1 Simulation resutts(I=0.5)

NO| AWK | A | Kalman Gan| PlkikDf Piklki | Skl
1 0.33491 ] 0.30233| 0.48929362 0,0069 0.00490629 |  0.64674
2 0.39258 | 0.253%9 0.57206082 0.00797 0.00566406 |  0.58210
3| 0.41203| 0.23985|  0.60996267 0.00865 | 0.00594194 0.57232
o | ool omus| osomstr | oo.0oser | 0.00589862| 0.55099
5 ] 0.40370( 0.222437  0.60790670 0.00853 | 0.00582661 | 0.33658
6 | 0.42420 0.227621 0.62102403 0.00873 1 0.00586004 [ 0.55164
{

0.40489 | 0.22336 |  0.60557691 0.00840 | 0.00569698 | 0.53018
0.00320677 { 0.36125
0.00319706 | 0.56016
0.00319546 | 0.56495
0.00317003 | 0.54075
0.00317703 | 0.55051
0.00316247 [ 0.54011
0.00315446 | 0.53202

0.57661385 0. 00666
0.57499100 0. 00662
0.57585697 0.00664
0.57011724 0. 00650
0.57346744 0.00659
0.57054966 0.00652
0. 56964075 0. 00650

138 | 0.64820 | 0.34979
139 | 0.62915 | 0.35872
140 | 0.64569 | 0.36168
141 | 0.61709 | 0.34862
142 | 0.63826 | 0.34514
143 | 0.62316 { 0.34306
144 | 0.62083 | 0.33532

0.002823%0 | 0.49245
0.00281266 | 0.47347
0.00281390 | 0.47379
0.00282292 | 0.49220
0.00280974 [ 0.47329
0.00280354 | 0.46365
0.00281911 | 0.48859

0.55316076 0. 00616
0. 54985867 0.00608
0.55066150 0.00610
0.55384293 0.00618
0. 54976266 0.00608
0.54881481 0. 00606
0.55353244 0.00617

274 | 0.62811 } 0.30093
275 | 0.60478 | 0.29782
276 | 0.61227 | 0.28989
277 1 0.63558 1 0.30113
278 | 0.60501 | 0.29779
279 | 0.59983 | 0.28389
280 | 0.63523 | 0.20452

7+ £ERY 273 &H Fu xR 0.989
ol27] A Y 7I17t& AlE#H ol Datat 2 HI
2 971 3.659U Ao 2 Fof BT I
A3} £¥85 0.540= 28070 Data, £8= 0.6Y
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Table 2 Simulation results(i=0.6)

YO | Ak | A | Kalman Gan | Pik k11 | Pik ki | Sikik
1 0.47672 | 0.37446 [ 0.53369364 0.00657 | 0.00445821 | 0.67805
2 0.48798 | 0.33088 0.60527347 0.00788 0.00498605 | 0.64022
31 0.48816 | 0.31253 {  0.62039370 0.00818 | 0.00307466 | 0.62012
40704977 | 0.3074 | 062651761 0,00828 | 0.00507732 | 0.61629

0.49139 § 0.30284
0.49971 | 0.30249
0.48665 | 0.29504

0.62296563 0.00818
0.62481018 0.00820
0.61570787 0.00799

0.00501810 | 0.60534
0.00498873 | 0.60626
0.00489710 | 0.58730

N )

0.00315959 | 0.36536
0.00316272 | 0.57334
0.00316222 | 0.38085
0.00314194 | 0.56280
0.00315300 | 0.57988
000314405 | 0.37803
0.00314315 | 0.58320

0.57374548 0.00660
0.37593608 0.00665
0. 57695340 0. 00668
0. 5724507 0.00657
0.57693104 0.00668
0. 97544151 0.00664
0.57640327 0.00667

17§ 0.64365 | 0.37138
118 | 0.65808 | 0.37205
119 | 0.66409 | 0.38075
120 | 0.64135 } 0.37253
121 | 06683 | 0.3762
122 7 0.66028 | 0.38289
123 | 0.66736 | 0.38587

0.00284509 | 0.51425
0.00283442 | 0.30142

0.55732763 0.00627
0.55411530 0.00618

20 | 0.65441 | 0.32252
231 | 0.63050 | 0.32424

232 | 0.62600 | 0.31389 | 0.35325984 0.00616 | 0.00283041 | 0.49384
233 | 0.64742 | 0.31972 | 0.55614006 0.00824 | 0.00283830 | 0.50859
234 | 0.62033 | 0.32007 | 0.35370239 0.00617 | 000283000 | 0.49842

235 | 0.65023 | 0.32408
236 | 0.64456 [ 0.33001

0.35643526 0.00624
0.55572599 0.00623

0.00283730 | 0.51198
000283440 | 0.5114

W= 2367) Data, W% 0.79W 3= 19070 Data,
Zdx 0.89WE 13970 Data, 8= 0.9¥d <=
767) Data”t A&k =3 o A/F&S B
o & 0.2%9 Af@e FAHT. 19 ol o
g A BdolA AFghe Table 1~Table 59 2
1=
9 AR, BAT RdME A EH
(Kalman Filtering) kol 2i#te] £ =71 0.99
u 0.5788, 0.8uf 0.5795, 0.7¢ o 0.5797, 0.6
o) 0.5787, 0.5¥9 0.5779¢] HTFAE 7FAHA
ole](Ermror) & BANFL vk =3 2 2N
9] o FEALS A7t ypdate®t EA update 2t
o] B YY) sz AgHA 2
Bzl Uek ok 7IARsAH FAXE AR
o £AE7} 0,990 HF 0.6387% FAIST AUA
9 Aty £HAE7 BojFo| wel 71Ad T
g7t WolAln dee ¢ + Utk

23] Zte] £AEI} 0.599 71A A5
7} BT 0.5308, HEZ7|AANS AU} 0.647032
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Table 3 Simulation resuits(1=0.7)

Table 5 Simulation resuits(i=0.9)
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NO | AWK AK) | Kalman Gain | Plkik-1) ] Pkik | Stkik NO | Atk Alk) | Kalman Gain | Ptkik-D) | Plklk) | Stk!lkl
11 053] 0.4221{  0.55460646 0.00648 | 0.00307049 | 0.66848 1| 0.72446 | 0.56906 | 0.57466024 0.00661 | 0.00318624 | 0.72034
21 0.54885 | 0.%6680 | 0.60171027 | 0.00741 | 0.00427492 | 0.63081 2 | 0.69631 [ 0.50158 | 0.58635648 | 0.006% | 0.00325536 | 0.6707
3 105901 0.35950 | 0.61791263 0.00775 | 0.00434973 | 0.63615 3 | 0.72607 | 0.48717 | 0.59373914 0.00709 | 0.00327707 | 0.67962
4 | 0559821 0.356121 0.61508033 0.00768 1 0.00431453 | 062490 4 | 0.70528 | 0.47932 ] 0.58969019 0.0069 | 0.00325542 | 0.66247
5 1055057 | 0.34405 |  0.6095%469 0.00756 | 0.00426064 | 0.60683 5 ] 0.72054 | 0.47800 [  0.59198251 0.00705 | 0.00325539 | 0.66989
6 | 0.57863 | 0.35113| 0.61823761 | 0.00773 | 0.004277%4 | 0.62658 6 1 07181 ] 0.47817) 0.5004844 | 0.00700 | 0.003240%9 | 0.66433
7 | 0.56723 ) 0.35541 | 0.61345646 0.00762 | 0.00423186 | 0.62029 7 1060482 | 0.46150 | 0.58560768 0.00689 | 0.00321701 | 0.64373
03 | 0.66544 1 0.30071 | 0.57544908 0.00665 | 0.00313017 | 0.58315 37 | 0.71525 | 0.46178 |  0.57666637 0.00672 | 0.00302751 | 0.63104
of | 0.65776 | 0.38357 | 0.57365821 0.00660 | 0.00311928 | 057443 3B | 0.72022 { 0.45448 | 0.57697355 0.00673 | 0.00302453 { 0.62981
95 | 0.68520 | 0.39360 | 0.5782155% 0.00672 | 0.00313093 | 0.59486 39 | 0.74487 | 0.46912 | 0.58078746 0.00683 § 0.00303392 | 0.65027
9 1 0.67182 | 0.39964 | 0.57583379 0.00666 | 0.0031189) | 0.589%5 40 ] 0.71376 | 0.46414 §  0.57567512 0.00060 | 0.00303379 | 0.629%7
o7 | 0.6341 | 0.40651 | 0.5785%610 | 0.00673 | 0.00312408 | 0.60268 41 | 071227 | 0.44849 [ 0.57481766 | 0.00667 | 0.00300689 | 0.62084
o3 | 068555 | 0.e0317 | 0.57777069 0.00671 | 0.00311759 | 0.60320 42 1 0.71081 | 0.44130 [ 0.574258%4 0.00666 | 0.00300161 § 0.61610
9 | oes2s| o395 057323401 0.00660 | 0.00300747 | 0.58227 43 | 0.72525 | 0.44683 | 0.57631934 0.00672 | 0.00300525 | 0.62647
180 | 067321 1 0.37030 | 0.56106842 0.006% | 0.00286600 | 0.54830 70 | 0.70848 | 0.44528 | 0.56880532 0.00655 | 0.00291741 | 0.60648
185 | 0.66313 | 0.36359 | 0.55%48725 | 0.00632 | 0.00285973 | 0.53928 71| 0.718% | 0.43603 | 0.569%9236 | 0.00858 | 0.002918% | 0.60786
186 | 0.67044 | 0.36155 1 0.56036527 0.006% | 0.00286118 | 0.5423%0 72 | 0.71306 | 0.43%44 1 0.56903922 0.00656 | 0.00291425 | 0.60307
187 | 0.64176 | 0.34802 | 0.5623775 | 0.00623 | 0.00284710 | 0.51%6 73| 0.7305 | 0.43002 | 0.56884830 | 0.00655 | 0.00291179 | 0.60134
188 | 0.64964 | 0.33759 { 0.55705676 0.00626 1 0.00284812 | 0.51904 74 [ 0.71406 | 0.42932 | 0.56885718 0.00655 | 0.00201010 | 0.60123
18 | 0.64214 | 0.3339 ] 0.555%6173 0.00623 | 0.00284365 | 0.5126 75 | 0.72334 | 0.43489 §  0.57012295 0.00659 | 0.00201252 | 0.60879
190 | 0.64326 | 0.32077 | 0.55590184 [ 0.00623 { 0.00284255 | 0.51149 76 [ 0.70498 | 0.42018 | 0.56733822 | 0.00652 [ 0.002%0208 | 0.59355
Table 4 Simulation resuits(1=0.8) Table 6 Final simulation results
NOo | At | Atk) | Kelman Gain | Ptk k1) | Pikik) | Stkik) . Average
T | 0.62701 | 0.49251 | O.5640175 | 0.00654 | 0.00355%48 | 0.692% Human | o o Aveee | gy | Reauired e gin
2 | o603 | o436 | o.soisls | o.ooms | o.oomonr | o607 skillulness Stk fime values
3 0.63055 | 0.421% | 0.60566203 | 0.00734 | 0.00375091 | 0.65442 0.9 0.59555 | 0.6387 {0.72123] 9.25months| 0.5788
4 | 0.62618) 0.40079 | 0.60178403 | 0.00725 | 0.003719%4 | 0.63684 0.8 0.56192 | 0.6049 |0.6989616.79 months| 0.5795
5 | 0.6519 | 0.41521 | 0.60752226 | 0.00738 | 0.00372851 | 0.65350 0.7 0.51149 | 0.5857 {0.65774 | 23. 10 months|  0.5797
6 | 0.65:0 ) 0.42700 | 0.6074599%6 | 0.00738 | 0.00371423 | 0.65070 0.6 0.51144 | 0.5632 |0.65750|28.70 months|  0.5787
7 | 0.6u3 | 04847 | 060120631 | 0.00723 | 0.00367282 | 0.64107 0.5 0.48859 | 0.5398 |0.64703|34.10 months| 0.5779
o8 | 0.68301 | 0.42675 0.?7548318 0.00665 | 0.00308180 | 0.60454 el Q1o £d% 099w R BEANS
o || o | oot | cors | oot | g | SHONAE 0:0089, ATIAAS gl o
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