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1. Background of research
Advanced manufacturing industries require a technique for high-speed and precise inspection of products. In
recent years, it has been globally realized that three-dimensional (3-D) measurement has been effective for the
inspection. Furthermore, green technologies for product manufacturing require more detailed information on
the moving products to be inspected. However, conventional 3-D inspection or measurement techniques are
useless for a moving object.

2. Research objectives
A technique for inspecting or measuring not only 3-D structure but also distribution of materials of moving object
is established. Also a system based on the technique is developed. Compressed gas flow from a nozzle is
visualized and measured by the system to achieve a powerful tool for development of eco- conscious engines.
Furthermore the system is applied to visualization and measurement of ultrafast phenomena induced by
focused laser pulse in precise laser processing. Elucidation of unexplained ultrafast event is challenged by
using the system for clarification of eco-conscious manufacturing technique.

3. Research characteristics (incl. originality and creativity)
The technique is capable for simultaneous measurement of 3-D structure of object and direction of oscillation of
light field (1-D) from the object, that is 4D = 3D+1D measurement. This technique can be established by
combining the technique of holography and an advanced laser that emits light pulses with femtosecond
duration. Holography is famous for 3-D image recording and display technique.

4. Anticipated effects and future applications of research
This research will contribute to such the many applications: development of low-fuel consumption engines
through the clarification of distribution and behavior of fuel gas in engine, reduction of energy required for
fabricating electronic devises and other precise productions, elucidation and understanding of the mechanisms
of ultrafast phenomena induced by focused ultrashort laser pulses in laser precise processing. The elucidation
and understanding enable us to invent low-energy consumption and green techniques for laser processing.
Also this research will be applied to elucidate and understand ultrafast phenomena in many fields of advanced
sciences.
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[Ripple effect 2]
(2)Contribution to advanced science
Observation and measurement of time evolution of 
ultrafast phenomena induced by focused 
femtosecond laser pulse.  Elucidation of the 
phenomena.
→ low-energy consumption fabrication technique  etc.

[Ripple effect 1]
(1)Generation of eco-conscious
manufacturing technology, 
For example, 
measurement of fuel gas flow
→ development of low-fuel 
consumption engines            etc.

(1)High-speed 4-D measurement
Creation of a technique for visualizing and measuring
both 3-D structure of moving object and
direction of oscillation of light from the object (1D)
(4D=3D+1D). Construction of the system based on the
technique

(2)Femtosecond 4-D measurement
Furthermore, femtosecond order temporal 
resolution is aimed at for an ultimate 
measurement technique.

[Background of this research]
Advanced manufacturing industries require a technique for high-speed and precise inspection of products.  In 
recent years, it has been globally realized that three-dimensional (3-D) measurement has been effective for the 
inspection.  Furthermore, green technologies for product manufacturing require more detailed information on 
the moving products to be inspected.  However, conventional 3-D inspection or measurement techniques are 
useless for a moving object. 

Purpose of this research
Measurement of 3-D structure and distribution 
of materials of dynamically moving object. 
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