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The digital imaging techniques have been developed drastically after the invention of massively parallel GPGPU system.  

By applying the fundamental GPGPU=CUDA system, such as  3D (x,y,t) data acquisition, 3D-CUFFT & Marching Cube Display , 
 We have succeeded in completing the environmental monitoring system for nano-TiO2 particle exposure.    
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Fig.1. Bottom view of Rice Fish orizias latipes.         Fig.2.  Packed Data into 3D (x,y,t) Matrix.               Fig.3. Single frame extracted from fig2                       Fig.4 Gill movement  
                                                                                                  and applied  3D CUFFT / Filter                        

Fig.5. Violent mode of Rice Fish            Fig.6. Violent mode of Rice Fish).                        Fig.7. Diffracted Image from                                        Fig.8. Light Intensity Distribution of Fig.7 
                                                                            (Marching Cube)                                          CUDA Aided Hologram 
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In Fig.1 we can see the periodical movement of the gill like human respiration. We are interested in the frequency change caused by the nano-TiO2 particle exposure. 
Because of the lightning and glittering effect as well as inherent noise, the gill area is not distinguished clearly with HSV or RGB color identification. As in Fig.2 we 
pack the series of 256 2D-frame data obtained by the camera and packed them into 3D matrix data. We transfer it to the device global memory and apply  3D 
(2D:spatial & 1D temporal) low-pass filter with CUFFT and CUDA manipulation. An example of the extracted frame data is shown in Fig.3,  in which we can obtain 
reasonably reproducible Gill boundary regardless of the threshold H-value selection. The final image of the gill is shown in Fig.4. In the lower image, we can find the 
low frequency gill movement around 4 Hz which is common to about dew thousand  rice fish in our experiments. This technique was applied to ecological monitoring 
for nano-TiO2  particle exposer, which is published elsewhere. In Fig.5 we show the behavior in the violent movement. The identical analysis is applied to the movie 
pictures and the results are shown in Marching Cube Method as Fig.6. The last two figure is the demonstration of GPGPU-Aided hologram which is designed to 
guaranty the reliability of our position estimation of the fish. If we miss the fish, we can easily find out from the transmitted laser light.     
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