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Chromatic confocal measurement system and its experimental study

based on inclined illumination
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Abstract: Because the chromatic confocal technique has no axial scanning, high measurement speed, high
precision, good axial tomography ability, and good axial resolution ability, it is widely used in industrial
fields such as height measurement and transparent specimen thickness measurement. However, most chro-
matic confocal systems are coaxial illumination structures in which the illumination optical axis and imaging
optical axis are perpendicular to the tested specimen which reduces its signal-to-noise ratio and light energy
utility. However, the existing inclined illumination system has high light spot drift on the imaging surface,

and the measurement accuracy and application range are limited. To overcome the above shortcomings, a
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chromatic confocal measurement method with inclined illumination is proposed in this paper. The "V-
shaped" structure is changed to a triaxial structure, and the drift of the light spot is limited by adding an ad-
justing branch. Also, an array color camera is used as the photoelectric receiving device, and the height value
is obtained by the light spot’s color processed by a color conversion algorithm. In this study, the calibration
experiment was first carried out to determine the measurement range and accuracy of the device. Then, the
self-made steps and transparent specimens were measured and the corresponding measured values were de-
termined. In order to better verify the performance of the improved system under unchanged conditions, the
V-shaped system was used for comparison. The experimental results show that the axial measurement range
of the system is 350 um, and the repeatability is greater than 1.69 um. The axial measurement accuracy can
reach the micron level and the system is highly capable of measuring the thickness of transparent specimens.

Through comparison, it can be verified that the system has a good suppression effect on spot drift, and the

measurement accuracy of the system has been significantly improved after suppression.

Key words: chromatic confocal; inclined illumination; triaxial structure; transparent specimen
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Fig. 1 Schematic diagram of the chromatic confocal meas-

urement system
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Fig. 2 Inclined illumination chromatic confocal system

with V-shaped structure. (a) Schematic diagram of
the system; (b) spot drift diagram
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Fig. 5 Axial light intensity response of different systems.
(a) Axial light intensity response of confocal sys-
tem; (b) axial light intensity response of chromatic

confocal system.
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Tab.1 Calibration of experimental data

Number Axial displacement/um H value
1 0 120.00
2 50 119.99
3 100 119.93
4 150 118.15
5 200 114.21
6 250 91.84
7 300 76.19
8 350 63.39
9 400 54.37
10 450 47.88
11 500 38.96
12 550 30.32
13 600 23.24
14 650 16.77
15 700 11.62
16 750 6.58
17 800 7.01
18 850 8.98
19 900 9.78

20 950 10.06
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Tab.2 Experimental data and calculation results of step

height
Number Hvalue of H value of H Value of difference
1.08 mm 1.03 mm

1 19.68 28.10 8.42
2 19.62 28.11 8.49
3 19.67 28.08 8.41
4 19.62 28.07 8.45
5 19.67 28.09 8.42
6 19.62 28.07 8.45
7 19.69 28.12 8.43
8 19.64 28.06 8.42
9 19.68 28.15 8.47
10 19.69 28.08 8.39
11 19.68 28.03 8.35
12 19.66 28.08 8.42
13 19.73 28.14 8.41
14 19.67 28.08 8.41
15 19.63 28.07 8.44
16 19.65 27.52 7.87
17 19.65 28.07 8.42
18 19.67 28.07 8.40
19 19.65 28.08 8.43
20 19.64 28.10 8.46

The average value of the difference 8.40
The height value of the step (um) 55.44

Relative error -1.91%
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Tab.3 Experimental data and calculation results of

transparent specimen

Number H value of upper  H value of lower H'Value of

surface surface difference
1 29.23 41.63 12.40
2 29.10 41.30 12.20
3 29.10 41.75 12.65
4 29.66 41.46 11.80
5 29.12 40.71 11.59
6 29.66 41.35 11.69
7 29.20 40.66 11.46
8 29.06 41.59 12.53
9 29.66 39.89 10.23
10 29.26 40.72 11.46
11 29.14 40.71 11.57
12 29.66 40.81 11.15
13 29.70 40.76 11.06
14 29.61 40.74 11.13
15 29.69 40.66 10.97
16 29.09 40.56 11.47
17 29.22 40.42 11.20
18 29.64 40.84 11.20
19 29.20 40.67 11.47
20 29.13 40.83 11.70
The average value of the difference 11.55
The thickness value of the transparent specimen (pum) 184.21
Relative error 1.73%
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Fig. 16 Inclined illumination chromatic confocal system

with the V-shaped structure
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Number Axial displacement(pum) H value
1 0 120.00
300 2 50 119.98
Hm 3 100 118.78
4 150 116.55
5 200 112.80
600 pm 6 250 94.00
7 300 86.06
8 350 78.00
900 um 9 400 69.16
10 450 61.38
(2) (b) 11 500 54.19
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libration result; (b) linear fitting result
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