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Abstract In order to realize the automatic measurement of the invar rod scale errors. an automatic measurement
system of invar rods based on image processing is proposed. The scale line under test is imaged by a microscope. The
scale line image is acquired and transmitted to the computer by a digital CCD video camera. Digital image processing
technology is used to extract the scale line edges. Then the scale midline position coordinate originated from the first-
measured scale line can be estimated automatically. The scale error is calculated out. The uncertainty from
measurement repeatability is about 0.79 pm and the extended uncertainty in the measurement is about 3.9 pm which
excels the 6 um prescribed in the national standard. The whole system integrates optics, mechanics. electrics and

computer together and can be operated conveniently with high accuracy.
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Fig.2 Original image of the scale line
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Fig.4 Pixel gray-value versus column coordinates
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Table 1 Error test results of invar rod

Scale normal Scale measured value /mm Scale error /pm

value /mm 1 2 3 4 5 1 2 3 4 5
600 600.0000 600.0000 600.0000 600.0000 600.0000 0 0 0 0 0
700 700.0048 700.0051 700.0048 700.0044 700.0040  +4.8 +5.1 +4.8 +4.4 +4.0
800 799.9956 799.9957 799.9941 799.9960 799.9956 —4.4 —4.3 —5.9 —4.0 —4.4
900 900.0048 900.0035 900.0047 900.0023 900.0028  +4.8 +3.5 +4.7 +2.3 +2.8
1000 1000.0081  1000.0092  1000.0081  1000.0079  1000.0071  +8.1 +9.2 +8.1 +7.9 +7.1
1100 1099.9977 1099.9957 1099.9969 1099.9963 1099.9958 —2.3 —4.3 —3.1 —3.7 —4.2
1200 1199.9841 1199.9823 1199.9845 1199.9837 1199.9838 —15.9 —17.7 —15.5 —16.3 —16.2
1300 1299.9967  1299.9983  1299.9980  1299.9984  1299.9988  —3.3 —1.7 —2.0 —1.6 —1.2
1400 1400.0002  1399.9991  1399.9998  1399.9995  1399.9997  +0.2 —0.9 —0.2 —0.5 —0.3
1500 1499.9975  1499.9971  1499.9977  1499.9970  1499.9989  —2.5 —2.9 —2.3 —3.0 —1.1
1600 1600.0074 1600.0089 1600.0090 1600.0068 1600.0078 +7.4 +8.9 +9.0 +6.8 +7.8
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