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Good morning everyone, I am Shang Yue from State Key Laboratory of Precision Measuring Technology and Instruments. I’m glad to be here to share my research to you. There are 4 other person come with me, Prof. Zhu,Prof. Ren, Prof, Yang and Prof.Lin. The topic of my research is a novel 3d coordinate measurement system based on FSI and galvanometer.
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Firstly, I want to introduce my group. to you Our group mainly focus our research on laser and optoelectronics measurement and technology. Our research topics mainly include vision measurement systems and workshop Measurement Positioning system. 



State Key Laboratory of Precision Measuring Technology and Instruments • Tianjin University State key Laboratory of Precision Measuring Technology and Instruments

Working range 3-40m

Accuracy of angle
measurement ±2”

Measurement 
frequency 30Hz

workshop Measurement Positioning System
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this is the principle of wmps. By turning two light plane, targets in space could get their pitch angle g and azimuth angle. With angle information from two station, the target coordinate could be known. The system could offer a capability to measure multiple target simultaneously, which is very attractive in the modern manufacturing. 
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my presentation includes six parts: firstly, the backgrounds
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Backgrounds 

Automobile manufacturing Airplane assembling

Ship building Large scientific instruments construction
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Large volume metrology is one of the most important technologies in large equipment manufacturing such as  automobile manufacturing,  airplane assembling, ship building and large scientific instruments construction. The measurement task in large volume usually has a range from one meter to hundreds of meters. 
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This is illustration of ship assembling. By mounting targets on the surface of the components, we could get the position and attitude of each component. All the measurement results are transformed to same coordinate system, then the component could be guided by the toolings to join together. The measurement results in different station need to be transformed to same coordinate system, which could called the global coordinate control network.
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As the network mentioned above is a global coordinate reference, the position of each point should be stable. Unfortunately, there is never a structure could maintain stable. Drifts of targets will occurred due to the environment influence such as the temperature, the vibration, and the deformation. So a monitor system need to be established for calibrating the network at regular interval. Normally, we use a laser tracker to do this, but actually, the angle measurement usually shows a bad performance than the length measurement, which result in a bad coordinate measurement accuracy. Here we choose a combination of FSI and galvanometer to solve this problem.
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Frequency scanning interferometry

Traditional interferometer

Frequency scanning interferometer
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FSI is a potential ADM technique which could provide an accuracy as good as IFM. Different from the IFM, FSI tune the wavelength of the laser instead of changing the position of the target. So it could achieve ADM without continuous movement of the target. It is not easy to measure the optical frequency directly. We introduce an auxiliary interferometer to the system and measure the ratio of phase changes of both interferometer.
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Frequency scanning interferometry

When OPD in measurement interferometer drifts:
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However, FSI has weakness that it’s sensitive to the drift in the measurement interferometer. Look at the equation, the drifts will be enlarged by a coefficient which are tens or hundreds.
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Frequency scanning interferometry

Compensation of drift error in FSI
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Many study has been done to correct the error caused by the OPD drift. But the ideas are usually complicate or expensive. We proposed a simple way to reduce the influence of the drift. We introduce a heterodyne interferometer into the measurement interferometer..
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Ranging system based on galvanometer

𝐿𝐿2 = 𝑥𝑥target − 𝑥𝑥0
2 + 𝑦𝑦target − 𝑦𝑦0 + 𝐿𝐿cos𝜃𝜃𝑥𝑥 − 𝐿𝐿 2 + 𝑧𝑧target − 𝑧𝑧0 − 𝐿𝐿sin𝜃𝜃𝑥𝑥

2

Y-axis

X-axis

State key Laboratory of Precision Measuring Technology and Instruments

  

  

galvanometer-Z

O1

z

x
y

x
z

y

O0
mirror-X

mirror-Y

z

y

x

x

x

y

Presenter
Presentation Notes
With a proper distance measurement technique, we need a 2D rotation system to direct the measuring light to the target in the space. Typical spherical systems usually based on an orthogonal rotation system, instead of that, we use a 2d galvanometer to achieve it. Which could offer a faster turning speed. This is the model of the system. By mounting 2 galvanometer orthogonally, we could guide the measuring light to any point in the view of it. From the picture We could found that the center of rotation are not in the same point, the red lines and blue lines does not cross the same point. Different pitch angle leads a different rotation center. This is just caused by the offset between the two rotation axis. So we will correct the influence of the offset distance in our mathematical model. And we treat the mirror image O at a pitch angle of 45° as the rotation center of the system.
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Ranging system based on galvanometer
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What’s more，we introduce a camera to share a same view with the galvanometer system. It is used to analyze the pitch and azimuthal angle. Then the system could recognize the targets automatically. A PSD is used to make the system auto alignment.
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Target recognizing
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As we have only one system now, so a multilateration experiment could not be done at present. We put four retroreflectors in the lab which are pre-measured by laser tracker. By analyzing the picture, we obtain the 2D coordinate, and which was changed into angle information. 
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Experiment

Length measurement answer
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We make 10 times length measurement to each target, and this is the result. The relative accuracy of length measurement is about ±0.5ppm. 
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Experiment

X(mm) Y(mm) Z(mm)
1 -1088.724 -1620.935 -35.903

2 -1088.704 -1621.041 -35.877

3 -1088.764 -1620.819 -35.892

4 -1088.817 -1620.569 -35.909

5 -1088.684 -1621.110 -35.898

6 -1088.721 -1620.988 -35.887

7 -1088.692 -1621.122 -35.888

8 -1088.698 -1621.088 -35.867

9 -1088.689 -1621.089 -35.882

10 -1088.673 -1621.175 -35.864

Std. 0.0439 0.1212 0.0148
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With the length and the coordinate of target, we use a nonlinear data-fitting method to calculate the coordinate of the rotation center. The standard deviation of the coordinate system is (0.043, 0.121, 0.014)mm. 
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Error source analyze

 Absolute distance measurement: 

better than ±0.5ppm(<10m)

 Coordinate error of the target(laser tracker):

15μm+5μm/m

 Galvanometer system mechanism error
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It is not a good result yet, the accuracy level of adm and coordinate measurement should lead a better result. We analyze the probably error source of the system, as you can see, the ADM and laser tracker has shown a good performance in accuracy, so the galvanometer system’s mechanism error should be the largest contributor.



State Key Laboratory of Precision Measuring Technology and Instruments • Tianjin University 

Error source analyze

Incident laser offset errors

Rotation axis

Incident Light
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In the former discussion, we consider the 2d galvanometer system as an ideal system. But actually it is not. It is a complex system influenced by several errors. Here, we make a simple discussion about one of them. As the incident laser might have an offset distance with the rotation axis, the reflection light could not make an intersection with each other in same rotation center. Then the error in ADM and the target coordinate might be enlarged. Further work about the mathematical model of the ranging system will be done in the future.
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Summary 

1. A 3d coordinate measurement system  which used for monitoring the 

global 3d coordinate control network has been proposed.

2. Drift error in FSI has been analyzed and we introduce a heterodyne 

interferometer into the FSI system to correct the result.

3. A ranging system based on FSI and galvanometer has been established 

and experiment shows that an length measurement accuracy about 

±0.5ppm could achieved which leads a coordinate  measurement 

standard deviation about(0.04,0.12,0.01)mm.
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Finally, I’ ll make a summary of my presentation.
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Thank you for listening!

Welcome to visit Tianjin University
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