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Abstract: To realize fast and accurate evaluation for flatness errors, a Modified Artificial Bee Colony
(MABC) algorithm was proposed to implement the minimum zone evaluation of flatness errors. The
minimum zone method and the criteria for flatness errors were introduced. According to the minimum
zone condition, the mathematic model of flatness error evaluation was presented. By introducing two
traction bees and a Tabu Strategy(TS), this modified method could enhance the rate of convergence
and the quality of optimum solution. The implementation steps of the method were expounded. Then,
two test functions were selected in the simulation experiments through analysis, and the results veri-
fied the feasibility of MABC algorithm. Finally, proposed approach was used to evaluate flatness er-

rors. The results calculated meet the criterion of minimal condition. On the basis of a group of metrical
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data, this approach can find the optimal plane by 0. 436 second, which saves 0. 411 second as com-
pared with that of ABC algorithm. In addition, the flatness value from the MABC algorithm is 18.03
pm lower than that of the Least-Square Method(LSM), and 6. 13 pm than the Genetic Algorithm
(GA). According to other five measurement data sets available from the Coordinate Measuring Ma-
chines(CMMs) , the results obtained by the MABC algorithm are more accurate than those by the GA
and Particle Swarm Optimization (PSO), and the maximum gap of flatness values is 0. 9 pm. Experi-
mental results show that the MABC-based approach outperforms ABC-base method in optimization ef-
ficiency, solution quality and stability, and its calculating precision is superior to that given by LLSM,
GA or PSO. It is suited for the evaluation of position measuring instruments and CMMs.
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Tab.2 Measurement data of flatness error (mm)

No X Y Z
1 0.2 0.2 —0. 064 500
2 0.2 0.4 —0. 064 380
3 0.2 0.6 0.008 761
4 0.2 0.8 —0.011 170
5 0.2 1.0 —0.062 370
6 0.4 0.2 —0.038 290
7 0.4 0.4 0.065 500
8 0.4 0.6 0.063 570
9 0.4 0.8 0.028 490
10 0.4 1.0 —0.006 113
11 0.6 0.2 —0.095 250
12 0.6 0.4 —0.011 540
13 0.6 0.6 —0.024 060
14 0.6 0.8 0. 035 150
15 0.6 1.0 —0.019 970
16 0.8 0.2 0.0154 00
17 0.8 0.4 —0.013 240
18 0.8 0.6 —0.022 250
19 0.8 0.8 0.077 100
20 0.8 1.0 —0.000 359
21 1.0 0.2 0.057 730
22 1.0 0.4 —0.056 200
23 1.0 0.6 0.092 060
24 1.0 0.8 0. 065 360
25 1.0 1.0 —0.021 210
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Tab. 4 Comparison of calculation

results for different algorithms

Ji ik A B Error/mm
LSM[?] 0.060 6 —1,6179X10° 0.1729
cGTH 0.058 3 —0.079 5 0.162 1
GAM 0.016 7 0.049 0 0.161 0
ESH 0.026 2 0.054 2 0.155 2
ABC 0.026 345  0.054 215  0.154 895
MABC 0.026 2 0.054 2 0.154 87
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Fig. 5 Evolving curve of flatness error function
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Tab.5 Comparison of results of flatness error(pm)

B Sl sifl 2 Sl 3 SEfl 4 S5
LSMM 5,08 71.12  5.08  83.82  66.04
0Tz 5.08 68.58 5.08  81.28  63.50
LATM 5,08  68.58  5.08  81.28 63.50
GAl™ 12,01  67.26  5.26  82.12  63.27
PSO™  11.73  66.44  5.33  81.56 62.76

Error 11.63 66.36  5.26  81.33  62.74
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