
 

  

 

Aalborg Universitet

Particle Image Velocimetry

Zhang, Chen; Vasilevskis, Sandijs; Kozlowski, Bartosz

Publication date:
2018

Link to publication from Aalborg University

Citation for published version (APA):
Zhang, C., Vasilevskis, S., & Kozlowski, B. (2018). Particle Image Velocimetry: User Guide. Aalborg:
Department of Civil Engineering, Aalborg University.  DCE Technical reports, No. 237

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            ? Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            ? You may not further distribute the material or use it for any profit-making activity or commercial gain
            ? You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: November 15, 2018

http://vbn.aau.dk/en/publications/particle-image-velocimetry(2764c088-53ef-4e49-a44c-51b915dbc1b5).html


 
 

ISSN 1901-726X 
DCE Technical Report No. 237 

 
 
 
 
 
 
 
 

 
 
 
 

Particle Image Velocimetry 
- User Guide 

 
Chen Zhang  

Sandijs Vasilevskis 
Bartosz Kozlowski 





DCE Technical Report No. 237 
 
 
 
 
 

Particle Image Velocimetry 
- User guide 

 
by 
 
 

Chen Zhang 
Sandijs Vasilevskis 
Bartosz Kozlowski  

Jan 2018 
 
 
 
 
 
 
 
 
 

© Aalborg University 
 
 
 
 

 
 
 
 

Aalborg University 
Department of Civil Engineering 

Group Name 
 
 
 
 
 





 

Contents 
1. Principle of Particle Image Velocimetry (PIV) ............................................................................................ 1 

1. Components of PIV .................................................................................................................................... 1 

2.1 Illumination system ................................................................................................................................. 2 

2.2 Image acquisition unit ............................................................................................................................. 3 

2.3 Seed generation ....................................................................................................................................... 4 

2.4 Data acquisition/processing .................................................................................................................... 6 

2.5 Accessories .............................................................................................................................................. 7 

2.5.1 Traverse system ................................................................................................................................ 7 

2.5.2 Stereoscopic PIV calibration tools .................................................................................................... 8 

2. Hardware installation ................................................................................................................................ 8 

3.1 Laser system ............................................................................................................................................ 9 

3.2 Light sheet optical, mirror arm and base .............................................................................................. 11 

3.3 CCD Camera ........................................................................................................................................... 12 

3.4 Timer box/Synchronizer ........................................................................................................................ 13 

3.5 3-D traverse ........................................................................................................................................... 13 

3. Measurement procedure ........................................................................................................................ 15 

4.1 Laser light sheet alignment ................................................................................................................... 15 

4.2 Camera setup and calibration ............................................................................................................... 16 

4.3 Data acquisition ..................................................................................................................................... 18 

4.4 Data Processing ..................................................................................................................................... 20 

4. Image evaluation method for PIV ............................................................................................................ 22 

5.1 Cross-correlation ................................................................................................................................... 22 

5.2 Adaptive correlation .............................................................................................................................. 23 

5. Three component PIV measurement ...................................................................................................... 24 

6.1 Hardware set-up .................................................................................................................................... 24 

6.1.1 Light sheet set up ........................................................................................................................... 24 

6.1.2 Camera set up ................................................................................................................................. 24 

6.1.3 Calibration target ............................................................................................................................ 26 

6.2 Camera calibration ................................................................................................................................ 27 

Reference ........................................................................................................................................................ 29 

Appendix 1: Laser Specifications ..................................................................................................................... 31 

Appendix 2: CCD Camera Specifications .......................................................................................................... 35 



 
 







3 
 

 

Figure 3. PIV laser system [5] 

The laser beam coming out from the laser system has an axisymmetric shape. In order to generate a planar 
light sheet, a light sheet optics needs to connect with a laser system. The main component of light sheet 
optics is cylindrical lens focuses the light sheet to a certain thickness and field angle [4][6], see Figure 4.  

 

Figure 4. Light Sheet Optics [5] 

2.2 Image acquisition unit 
The function of the camera is to capture the position of seed particles in the flow field illuminated by the 
laser light sheet. The most common cameras for PIV system is Coupled Charged devices (CCD) and 
Complementary Metal Oxide devices (CMOS). 

FlowSense EO 4M CCD camera is used in this PIV system, as indicated in Figure 5Error! Reference source not 
found.. CCD is an electronic sensor that converts light into electric charge. CCD cameras comprise an array 
of detectors called pixels. The camera can record images with a maximum resolution of 2048*2048 pixels, 
other technical parameters can refer Appendix 2. When the seed particles are small or the light intensity is 
low, the camera needs to have a high sensitivity to incoming light [4]. The sensitivity of CCD camera is 
evaluated by Quantum Efficiency (the percentage of photons hitting a photo-reactive device that produces 
charge carriers, measured in electrons per photon). FlowSense EO series camera could reach up to 56% QE. 
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Figure 7. Fog generator and seeding material [9] 

2.4 Data acquisition/processing 
DynamicStudio is the software platform used to process PIV data measured from different flows. It a multi-
function package, which contains tools for configuration, acquisition, analysis, post-processing of acquired 
data [10]. 

 

Figure 8. DynamicStudio [5] 

On the other hand, the software needs to cooperate with a synchronization unit, as indicated in Figure 9. The 
camera and the laser cavities need be synchronous to capture PIV images with a specified time difference. 
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Figure 9. Synchronizer 

 

Figure 10. Typical trigger synchronization of the PIV measurement using a Two cavity laser [10] 

2.5 Accessories 
2.5.1 Traverse system 
Normally, the indoor airflow measurements require mapping of the fluid velocity in a large space. 
Therefore, the velocity information should be measured from many positions. Traverse system could help 
to precisely locate the camera or light sheet optics in three-dimensions, see Figure 11. If the light sheet optics 
and camera are mounted on a common traverse system, the distance between the cameras and the light 
sheet remains constant so that there is no need to calibrate the system again[11].  

 

Figure 11.Traverse Systems [5] 
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Figure 14. Layout of PIV measurement 

 

3.1 Laser system 
The laser system is composed of a laser head, power supply unit and laser system control, as shown in Figure 

15. The laser head should be placed on a secure optical table for mounting rig and fixed down using the 
mounting feet provided. The power supply unit should be located in the free space that allows the cooling 
air circulation. The laser head should be installed in a place that the light sheet can pass the measurement 
object.  

   
(a) (b) (c) 

Figure 15. Laser system (a) Laser head (b) Power supply (c) Remote controller 

The main connection panel of the laser system is shown in Figure 16 and Figure 17. 
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(a) (b) 

Figure 16. Laser power supply front side (a) TTL controls and system indicators (b) With cable connection 

  
(a) (b) 

Figure 17. Laser power supply backside (a) Indicator of connection (b) With cable connection 

If it is the first time operating the laser system, the cooling reservoir should be filled with de-
ionized/distilled water. The amount of cooling water could be checked through the cooling water 
observation window. Power up the laser system and turn the PUMP ON. The water will be pumped around 
the system, and refill the reservoir to the top and start the pump again. Repeat until the water level no 
longer drop when the pump is running.  

The laser system has three operation modes, based on whether the timing of the flashlamp and Q-switch 
trigger signals are controlled internally or controlled from external sources [12]. 

1. Fully internal mode: Both lamp & Q-switch set to internal. This mode is used for starting up the 
laser system and when undertaking any kind of diagnostics or fault detection.  

2. External lamp mode: Lamp set to external and Q-switch set to internal. This mode allows the laser 
to be synchronized with or triggered by an external control. But allows the laser to trigger the Q-
switch using the optimized Q-switch delay set at the factory. 

3. Fully external mode: Both lamp & Q-switch set to external. This model is applied when the laser 
system is completely controlled by an external control system.This is the model used when 
Dynamicstudio takes control over the laser system and synchronize laser with the camera.  
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3.4 Timer box/Synchronizer  
The timer box works together with DynamicStudio to synchronize the camera, the laser and the flow to be 
measured. The connection of the timer is shown in Figure 21 and Figure 22.  

 

Figure 21. Connection of the timer with laser and camera [10] 

 

Figure 22. Synchronizer output channels connected with laser power and camera 

If two cameras are used for 3D measurement, use a three-way connection to connect the two cameras and 
the time box, as shown in Figure 23Error! Reference source not found.. 

 

Figure 23. Three way valve 

3.5 3-D traverse 
The system contains X, Y, Z traverse, a traverse controller and an emergency stop box. 
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