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• Introduction:

During the structured light 3-D shape measurement, the accuracy of

system parameters such as focal length and distortion etc. are crucial to

the measurement accuracy. However, although the calibration process

carried out using a high-accurate artificial target can help to obtain a series

of accurate parameters at that time, these parameters will deviate away

from the calibrated value with the change of the system temperature, and

it will make the measurement inaccurate. Compared with the camera

parameters, the robustness of the projector parameters is severely

influenced by the generated heat from the projector itself, which causes

the perform of mono-camera systems challenged in long-time continuous

working . Although there are many re-calibration methods, a solution for

the most common industrial situations, that a mono-camera system

staying in one view without a known target, is still unprecedented.

Therefore, this paper proposes a re-calibration method by registration

circle marks as control-points after the initial calibration. In this method,

circle marks that can be pasted in the workspace flexibly are utilized to

replace a known target board. Through this way, the proposed method can

optimize the system parameters with all these requirements satisfied. The

principle of the method is as followed.

Conclusion:

➢ The system parameters’ change has been one of the most 

important factors that limit the precision of structured light system, 

especially in equipment which involves a projector and only one 

camera. In this paper, we utilize the circle marks in the workspace 

as fixed control-points to realize the on-line optimization of the 

system parameters. Through the control-points registration process, 

a ground truth known target which used to be necessary is not 

needed. Compared with target board, circle marks can be flexibly 

pasted in the work space, which makes robust long-time 

measurements possible. Experiments results show the proposed 

method can effective refine the structured light system’s precision in 

changing temperature.
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• Methods:

➢ Control-Points Registration and matching

➢ Parameter Optimization

➢ Overview

The principle of the proposed method is shown in Fig.1.

Figure 1. The proposed method

Figure2. The Circle Mark

In this method, at the beginning stage of the whole system, several circle

marks are pasted in the workspace as the control-points. After the structured

light systems is calibrated, a measurement of the whole workspace including

these marks is carried out as soon as possible, in which a series of two-

directions phase images and an extra white image are captured. Through

phase calculation and reconstruction, the precise poses of the circle marks

can be obtained and saved. Since the time between this measurement and

the calibration is short enough, the result of it can be regarded accurate

enough. To obtain the accurate pose of circle marks, eclipse detecting

algorithms are utilized to acquire the coordinates of their centers in the white

image. Then, by solving the phase at these coordinates, the corresponding

points in projector’s DMD image can be calculated. Hence, with the

application of intrinsic and extrinsic parameters of structured light systems,

the 3-D coordinates of the circle marks in camera frame could be obtained.

With regarding the control-points as fixed, the structured light system

parameters can be optimized through bundle adjustment.
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Figure 3. Analysis of the result

Figure 4. Comparison of the reconstructed point clouds.

Figure 5. Error of the Center-Distance under different heating time.

• Results:

we utilize the deviation of the sphere surface and the error of

center-distance of the double-ball-bar shown in Fig.3 to evaluate

the performance of the proposed method.

➢ The Deviation of the Point Clouds

➢ The Error of the Center-Distance

Generally, with the application of the proposed method, the

precision of the measurements is effectively improved. It can be

noticed that at the beginning stage of the heating process, the

proposed method has great performance that improve the

measurement precision from 0.09mm to 0.02mm. However, with

the continuous heating, the effect of our method becomes

unobvious. This is because the unoptimized system parameters

are calibrated at the end stage of the heating process. At this

moment, the whole system has been in a thermal equilibrium state

for a while, therefore, parameters in several of the later

measurements are nearly not changed, which makes it not

necessary to optimize them.


