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Application Note

Particle image velocimetry (PIV) using the Bonito   
CL-400B/C and the picCOLOR image analysis software
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Introduction: high speed image analysis

One of the most demanding applications for high speed image analysis is the real-time track-
ing and 3-dimensional measurement of aircraft wing motion or helicopter rotor blade deflec-
tion in a wind tunnel.

Image frequencies of 2000 fps are required, and also a high spatial resolution of at least 2 
megapixels is obligatory. Measuring deflection or twist angles of slender wings or rotor 
blades at a resolution of 1/10 of a degree or better requires an even higher resolution of 4 
megapixels.

Measurements in wind tunnels are very expensive and thus should be realized in the shortest 
possible time. Typical measurement times of 10 to 30 seconds should not be interrupted by 
extremely long periods of image data transfer to the computer for post-processing. There-
fore, cameras with large buffers and slow interface cannot be used. The only way to perform 
cost-effective measurements is the direct real-time transfer of the images and the real-time 
processing of all data.

With the Bonito CL-400B/C from Allied Vision Technologies that provides a special PIV mode, 
and the picCOLOR image analysis software from FIBUS Research Institute, it is actually pos-
sible to meet these demanding requirements.

Figure 1: Complex flow streams can be evaluated using the particle image velocimetry
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The Bonito CL-400 PIV mode

The AVT Bonito CL-400 is a high speed camera with a sensitive global shutter CMOS sensor. 
The Bonito runs 386 fps at 4 Megapixel resolution and has an ultra-fast 2 x 10-tap Camera 
Link Full+ interface. Considerably higher frame rates can be reached with a smaller ROI 
(region of interest).

The PIV mode causes the Bonito to generate two images in rapid succession for each trigger 
event. Charge transfer and readout take place in the usual way, however, each first and sec-
ond image is synchronized and evaluated as a pair.

Contrary to other cameras, the Bonito CL-400 does not generate the image for PIV by using 
fast shutter speeds and permanent lighting. The Bonito PIV mode causes the exposure to be 
permanently active, the images are generated with the help of synchronized flash strobes. 
Only an adjustment of the aperture is necessary. That way, no shutter speed has any influence 
on the generated images.

Between the two flash strobes for each image pair, only the camera-internal charge transfer 
takes place. That way, the inter-framing time (the time between two images) can be short-
ened down to less than 0.7 µs.

The frame rate is controlled in the usual way, using either the parameter F or an external trig-
ger. 

The picCOLOR image analysis software

The picCOLOR software is especially engineered to analyze image pairs generated for PIV 
evaluations that include a huge amount of pixels. The software is able to work with up to 32 
processor kernels.

Identical pixels in image 1 and image 2 are recognized and their change of position between 
the two images is calculated. It is possible to track single pixels as well, however, that 
requires more calculation power.

To be able to track the maximum number of pixels within a reasonable time, the software 
divides the whole image into square evaluation windows, and the evaluation works in two 
passes. Each evaluation window has the size of 32 x 32 pixels, however, the window size is 
adjustable.
• First pass calculation: the movement of all pixels that are located within the same eval-

uation window in both images is calculated. However, between generating the first and 
second image, many pixels moved out of their window when the second image is gener-
ated. They would be lost for the evaluation. For that reason, each window is reposi-
tioned individually for the second pass calculation.

• Second pass calculation: the repositioning of each evaluation window is calculated as 
equal to the average movement of all pixels within the window in the first pass. The 
movement of the pixels is calculated based on their coordinates in the original window 
during the first strobe flash, and on their coordinates in the repositioned window 
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during the second strobe flash. The movement of the window is added to obtain the 
final result.

Figure 2: Repositioning of the evaluation windows for the second pass calculation

Setting up PIV with Bonito CL-400 and picCOLOR

The setup essentially requires the Bonito CL-400, the Camera Link connection, two Xcelera 
frame grabbers, and the picCOLOR software.

Since the reachable frame rate depends on the image size, the image size of the Bonito needs 
to be adapted. With an image size of 2240 (H) x 332(V), the necessary frame rate of 2000 fps 
can be achieved. 

The laser pulse as well must be able to output a maximum frequency of at least 2000 Hertz to 
be synchronized with the Bonito. The length of the flash pulses depends on the ambient light 
and the sharpness that needs to be achieved. Ideally, it will be measured in nano seconds.

 

Figure 3: Example of a two-image sequence taken during a 2000-fps measurement run
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About FIBUS

FIBUS (Forschungs-Institut für Bildverarbeitung, Umwelttechnik und Strömungsanalyse – 
Research Institute for Image Analysis, Environmental Control, and Flow Mechanics) has been 
established in 1990 to provide services and interdisciplinary research in the fields of environ-
mental control and measurement, flow analysis and visualization, and digital image process-
ing and analysis.

The main objectives in the past few years have been the development of flow analysis tech-
niques like real time particle image velocimetry (PIV) and 3-dimensional object tracking and 
3D-surface deformation measurement.

Important research projects in flow visualization and stereometric image analysis has been 
performed in cooperation and with support by the German Research Society (DFG), the Uni-
versity of Tennessee Space Institute (UTSI), U.S.A., the C.N.R.S. Institute for Flow Mechanics 
in Marseille, France, and the Dutch-German Windtunnel in the Netherlands.

Disclaimer
Technical specifications are subject to change without notice. All trademarks are 
acknowledged as property of their respective owners. Copyright © 2013 Allied 
Vision Technologies.
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