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Meijo University, Okino Industries,  
other cooperative companies. 

<Road Administer> 
Ministry of Land, Infrastructure and Transport, 
Local authorities, Expressway company, etc. 

Construction company 
（Construction・mending） 

Consultancy and 
inspection  company 

Oversea expansion 

Commercialize 

Renting/selling inspecting system 

Processing inspection data 

Social implementation 

Numeric goals  

Supervise control; auto flight with inspecting-path 
command by user. 

Hammering unit: 
Hammer objects once/sec at 50 cm distance. 
Detect defects at 10 cm depths automatically. 

Camera unit: 
Detect cracks at a minimum of 0.2 mm 
automatically. 

Flight control: Low cost Safe High precision 
Automatic inspection 

Position 
control 

Reaction force 
of hammering 

Motion model of 
multi-copter 

External 
force of 
wind 

Communication 
with real system 
（ROS node） 

Creation of 
rotor reference 

The motion simulator of the multi-copter 
accelerates R&D of the multi-copter system. 

The control system is being developed; the multi-copter 
could be controlled by tablet/PC inputting path. 

International conference 
•  Takahiro Ikeda, Kenichi Ohara, Akihiko Ichikawa, Toshio 

Fukuda, “Pilot Study on Control of One DoF Manipulator  on 
Quadcopter for Hammering Check,” Proc. of 2015 Intl. 
Symposium on Micro-NanoMechatronics and Human 
Science, pp. 199, November 23 - 25, 2015. 

•  Junpei Kishikawa, Kenichi Ohara, Takahiro Ikeda, Akihiko 
Ichikawa and Toshio Fukuda, “Vision-based Localization for 
Atomated UAV Automated Multicopter Control,” Proc. of 
2016 Intl. Symposium on Micro-NanoMechatronics and 
Human Science, TP-14, November 28 - 30, 2016. 

•  Domestic conference: 6 presentation 

Patent (Japanese Domestic) 
Title of invention  :  Device for flight  
Overview   : Device enabling easy inspection; the device flying 

with propeller that is equipped with a simple 
manipulator implemented inspection device. 

Japanese Patent Application No. 2015-091386 

Title of invention  :  Device for moving 
Overview   :  Main moving device controlling own position hanged 

by plural wire-reel suspension mechanism modulating  
the length of the wire.  The device can move with 
equipped propulsion mechanism in a direction that 
it is not bound by the suspension mechanism. 

Japanese Patent Application No. 2015-091387 

Achievements 

One - joint  manipulator  enables the copter to 
contact floor slab and bridge pier. The manipulator 
directs inspection units horizontal/vertical surfaces. 
Therefore human inspectors do  not need to 
endure working in high places. 

The hammering unit hammers object surfaces and 
is driven by a motor and a spring. The echo is 
captured using a microphone and is analyzed to 
see if there are defects. Quantitative analysis 
makes defect detection more precise. 

The camera unit enables to acquire the shift of the 
copter and senses crack by image processing. 
Quantitative analysis makes crack detection more 
precise. 

Our multi-copter is enabled to inspect concrete 
bridges effectively as a substitute for a human 
Inspector.  

Shift detection 

Crack detection 

w/o defect 

with defect 

R&D of  Diagnostic Technology Based on Measurement 
and Analysis by Multi-Copter 
Toshio Fukuda (Professor, Meijo University)   
Meijo University, Okino INDUSTRIES, LTD. 

・ Japanese local authorities are obliged to inspect bridges and tunnels every five years. 
Objectives 

Subjects  

Cost Accident Risk Precision 

Generate new inspecting 
technology by applying robotics 

Realize inspecting multi-copter operating hammering test and carry out 
stable and precise visual checks. 

R&D Part 1: Develop a multi-copter which implemented inspection units. 

R&D Part 2: Develop diagnostic technique of hammering and visual test. 

1-1 Develop multi-copter with a mounted manipulator and inspection units. 
1-2 Develop a simulator for the multi-copter. 
1-3 Develop a control system for the multi-copter. 

2-1 Develop diagnostic technique for hammering tests. 
2-2 Develop diagnostic technique for visual checks. 

copter with a mounted manipulator and inspection units.

Multi-copter with manipulator 

Hammering and camera units 

Concrete bridge 
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Principal Investigator Toshio Fukuda (Professor, Meijo University)
Collaborative Research Groups Meijo University, Okino Industries, Ltd.


