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Laser and Optoelectronics Measurement Technology Research Group

Vision Measurement Systems

State Key Laboratory of Precision Measuring 
Technology and Instruments

workshop Measurement Positioning System
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Presenter
Presentation Notes
First, I want to introduce my research group. Our group mainly focuses on laser and optoelectronics measurement and technology for large-scale dimensional measurement. Our research topics include vision measurement systems and workshop Measurement Positioning system. 
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Working range 3-40m

Accuracy of angle
measurement ±2”

Measurement 
frequency 30Hz

workshop Measurement Positioning System

State Key Laboratory of Precision Measuring 
Technology and Instruments
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Presenter
Presentation Notes
This is the working principle of wmps. By rotating two laser planes, we can get the horizontal angle and vertical angle of its receiver, with the angle measurement accuracy of 2 arcseconds. Integrating angle information from two stations, the 3D coordinates of the target can be obtained. The system offers the capability to measure multiple targets simultaneously, which is very attractive in the intelligent manufacturing. 
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Backgrounds 
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Ship block Airplane

TrainCar

Flexibility and portability for narrow space in manufacturing

Presenter
Presentation Notes
Large-scale measuring instruments like laser tracker, total station and indoor gps play a crucial part in the improvement of product quality and working efficiency. However, these instruments have problems with flexibility and portability in a narrow space, like the car manufacturing site and the inside space of train, ship block or airplane.
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Augmented reality

Computer

Screen

Inconvenience for present display mode

Presenter
Presentation Notes
Besides, users usually get real-time visual results from the computer or the instrument screen, which brings much inconvenience for the online operation. Augmented reality technology has shown tremendous potential in human-machine interaction, which also offers an effective solution to large-scale measurement.
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Immersive measurement
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Immersive positioning and measuring method

Presenter
Presentation Notes
In order to cope with these challenges, we proposed the immersive positioning and measuring method. By the integration of global positioning and local measuring, we can unify the measured objects in the global coordinate system. Then based on AR technology, the results and aiding information can be accurately overlaid on the object. Partners can also share this information for cooperation and so on.
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Immersive measurement
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Immersive positioning and measuring helmet

Presenter
Presentation Notes
We designed the immersive positioning and measuring helmet. With this helmet, the users are able to free their hands to carry out assembly and inspection work. The helmet consist of three cameras with non-overlapping fields of view for global positioning, one camera for local measuring and a projector for results display. We also add an inertial measuring unit to improve the ability of dynamic measurement.
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Immersive measurement
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Hand-held probe

Infrared LED marker
Coordinate transformation using
 photogrammetry systems,
 total station 
 laser tracker

Presenter
Presentation Notes
We also designed active led markers as control points to deal with complicated industrial environment. Led markers are less sensitive to illumination and they provide optimal contrast and sharp edges for image processing. For this target, it also has photogrammetry code and total station code. And this spherically target is exchangeable with the retroflector of laser tracker. The led markers are calibrated using video measuring machine in advance, so that we can realize the coordinate transformation using one of photogrammetry system, total station or laser tracker to obtain the coordinates of these control points. The hand-held probe is working with the single measuring camera of the helmet to realize local measurement. As we can see, the key task is global positioning part to determine the positions and orientations of the helmet, that is, 6DOF measurement.
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Global positioning
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Multiple cameras with non-overlapping views
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Presenter
Presentation Notes
The 6DOF measurement is solved using the fixed configuration between cameras to incorporate all the observations. We established the global bundle adjustment model based on space resection and obtain the optimal solution by minimizing the reprojection errors.
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Global positioning
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Comparison between the multi-camera rig with the single camera

6DOF parameter The single camera The multi-camera rig

𝜽𝜽𝒔𝒔 (°) 0.0147 0.0087
𝝋𝝋𝒔𝒔 (°) 0.0067 0.0084
𝜿𝜿𝒔𝒔 (°) 0.0038 0.0065

𝑿𝑿𝒔𝒔 (mm) 0.715 0.629
𝒀𝒀𝒔𝒔 (mm) 1.191 0.754
𝒁𝒁𝒔𝒔 (mm) 0.292 0.528

Presenter
Presentation Notes
We conducted a monte-carlo simulation to compare the performance between the non-overlapping multi-camera system and a single system. The single camera with a shorter focal length covers as wide view as the multi-camera rig. We add typical noises including marker position noise, image point noise and spatial relationship noise to simulate the 6DOF error. The results show that the multi-camera system give a higher accuracy than the single camera.
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Global positioning
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Feature points correspondence

Nearest Neighbor method with reciprocity check

Presenter
Presentation Notes
As we don’t use any recognition code, we can see that the image of LED markers are exactly the same, so it’s really a huge challenge to match corresponding markers under dynamic conditions. We utilized the nearest neighbor method to search for the point couples between two images, and each point couple is assumed to represent the same marker. Furthermore, the reciprocity check is employed to remove outliers.
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Global positioning
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Visual-inertial fusion based on extended Kalman filter

�𝑥𝑥 = ∆𝑝𝑝𝑤𝑤𝑖𝑖
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Τ ∆𝑏𝑏𝑤𝑤Τ ∆𝑏𝑏𝑎𝑎Τerror state vector

Presenter
Presentation Notes
However, when our head moves fast, the feature correspondence may fail. That’s why we used the IMU, because it can offer a much higher measuring frequency than the cameras. So we built the visual-inertial fusion framework based on extended Kalman filter. It is a loosely coupled approach using the IMU readings for the propagation step and the visual measurement in the update step. We treat the cameras as a black box and yield the 6dof estimation. The imu can provide a more accurate estimation for feature correspondence.
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System calibration
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Presenter
Presentation Notes
In order to obtain accurate measuring results, it’s a key problem to calibrate the spatial relationship between each sensor. The system covers a large non-overlapping field of view and the positioning cameras and measuring camera have different working range, it’s difficult to finish this job using traditional methods. Thus, we utilize a two-axis turntable to provide a high-accuracy angle standard. And we don’t need large calibration target anymore. As the turntable rotates, the camera can observe the calibration target one by one. The turntable rotates around its tow axes, all the sensors can be unified in the turntable coordinate system.
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Experiment
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Position Multi-camera 
rig

Laser 
tracker Error

1 900.567 900.330 0.237

2 900.436 900.242 0.194

3 900.064 900.247 -0.183

4 899.970 900.381 -0.411

5 899.848 900.318 -0.470

6 899.594 900.207 -0.613

7 899.968 900.347 -0.379

8 900.588 900.185 0.403

9 900.863 900.342 0.521

Distance measurement

RMS error = 0.383 mm

Presenter
Presentation Notes
The helmet is mounted on a motorized translation stage and is set to travel 900mm. We can calculate the position of the helmet before translation and after translation. We also fixed the retroflector of laser tracker on the helmet to obtain accurate travel distance as reference value.
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Experiment
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Position error
better than 0.8 mm

Presenter
Presentation Notes
To assess the 6dof measurement accuracy, we mount the helmet on the turntable as well as the T-mac. No matter how the turntable rotates, the spatial relationship between the helmet and tmac remain constant. The led markers are deployed about five meters in front of the turntable and their coordinates are obtained using the laser tracker. Consequently, the positions and orientations of the helmet can be unified in the tmac.
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Experiment
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Summary 

1. An immersive positioning and measuring method is proposed, and 

the system architecture is elaborated.

2. The global positioning method using a non-overlapping multi-camera 

rig is introduced, and the visual-inertial fusion framework is built to 

realize robust 6DOF measurement.

3. The experiments demonstrate the feasibility of the measuring system 

and the result can be overlaid onto the object accurately.

State Key Laboratory of Precision Measuring Technology and Instruments
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Outlook 

1. Improve the design of the helmet to make it easier and more 

convenient to use.

2. Conduct more tests in the real working scene to validate the 

performance of our system.

State Key Laboratory of Precision Measuring Technology and Instruments
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Thank you for listening!

Welcome to visit Tianjin University

Zhiyuan Niu (PhD candidate),          niuzhiyuan@tju.edu.cn
Jigui Zhu (Professor),                                jiguizhu@tju.edu.cn
Yongjie Ren (Associate professor),      yongjieren@tju.edu.cn
Linghui Yang (Associate professor),    icelinker@tju.edu.cn
Jiarui Lin (Associate professor)                  linjr@tju.edu.cn
Yanbiao Sun (Associate professor),            yanbiao.sun@tju.edu.cn
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