
Remote construction on Earth and space
Detailed examination of construction

methods on the lunar base

Construction machinery model/test model→testing platform vehicle→gradual testing with construction machinery
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Automatic and autonomous exploration technology ／ Solution Creating Research

Development and evaluation of the innovative remote construction system 
by cooperation of remote control and automatic control

Institutions：Kajima Corporation, Shibaura Institute of Technology,
　　　　　　 Kyoto University and The University of Electro-Communications

Research outline

Project title

Research on the unmanned construction system of a manned lunar outpost

Objective Contents
It will be difficult for humans to stay and conduct all 
the construction work on the moon and Mars. Similarly, 
on  Ear th ,  remotely-contro l led  or  automated  
construction technologies are required to cope with the 
shortages of workers and to improve productivity and 
safety under strenuous environmental conditions.
Among existing technologies,  there is reliable 
unmanned construction technologies on the ground. It 
can be combined with the automated construction
technologies or the time-delay compensation methods 
that are the research subjects of this project. If these 
technologies are realized, we will achieve remote 
construction system on the lunar surface, which can 
prepare several tens of square meters of land to place 
and shield the structures. Furthermore, the same new 
construction system can be applied on Earth to provide 
better productivity and safety.

In addition to the basic automated construction 
functionality, the following functions will be developed
to  ach ieve  a  remote  cons t ruc t ion  sys tem by  
"coordinating between remote and automated control":
 • Functionality to support operation with time delay 
compensation. Even when there is a large communi-
cation delay of 3-8 seconds, the support function
enables remote operations based on the work plan, 
without impairing the operability and stability of the 
remotely-operated construction machine.

 • Functionality to automatically determine motion 
based on the surrounding environment. A function 
that autonomously selects an action (motion) corre-
sponding to the task at the current position by 
detecting topographical changes that is difficult to 
assess in advance due to time delay constraints.

 • Functionality for coordinated work between multiple 
construction machines. A function that autono-
mously changes operations, such as measures for 
collision avoidance, when there are malfunctions, 
such as interference, in the instructions to multiple 
remote construction machines.

Lightweight metal Stick ・Carbon fiber (CFRP) Stick

Abrasion-resistant coating applied to the CFRP by using the plasma spray process

We designed, prototyped, and performed evaluation tests on 
the sticks of hydraulic excavator, made by a lightweight metal 
stick and CFRP.
The weights of two stick were as follows: the lightweight 
metal stick was approximately 1/2 and the CFRP stick was 
approximately 1/3 of the original metal stick.

The evaluation test showed that the prototyped sticks can be 
used in the same way as the original, and were observed 
some improvements of performance in the hydraulic 
excavator.

This shows a good effectiveness by reducing
the weight of stick.

Applied the abrasion-resistant coating to the surface of CFRF 
and conducted the sand erosion test.

Verified superior erosion resistance.
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a: CFRP base material　b: Coating A　c: Coating B

Lightweight metal stick installed
in a hydraulic excavator(actual)

Carbon fiber (CFRP) stick installed
in a hydraulic excavator (actual)

Automatic and autonomous exploration technology ／ Solution Creating Research

Development and field verification of ultra-light
attachment and boom and stick

Institutions：TAGUCHi Industrial Co., Ltd. and Tokyo University of Agriculture and Technology 

Project outline

Project title

Development of ultra-lightweight construction machines

Objective Contents
Currently there is a wide variety of construction ma-
chinery on Earth, with high demand for improvements 
in mobility, safety, weight reduction, and fuel effi-
ciency.
Furthermore, machinery used to construct the lunar 
bases will be transported from Earth, so high versatility 
and light weights are sought from the perspective of 
transportation costs. We at first, selected the hydraulic 
excavator with high versatility for this weight reduc-
tion. 
The hydraulic excavator can perform various operations 
by affixing or changing its “attachments,” such as  
devices that possess different functionalities according 
to the type of work and application. 
Our goals for this study are weight reduction and prac-
tical future application. We intend to meet these objec-
tives by designing, prototyping, and performing evalua-
tion tests using unconventional materials for work 
equipment , such as the boom and stick and  attach-
ments for the hydraulic excavator. 

①To design, prototype, and perform evaluation tests
on work equipment, such as stick and boom, by using 
a lightweight metal to reduce the overall weight of 
the hydraulic excavator.
②To design, prototype, and perform evaluation tests
on work equipment by using CFRP to reduce the
overall weight of the hydraulic excavator.
③To design, prototype, and perform evaluation tests
on attachments of hydraulic excavator by using light-
weight metal and CFRP to reduce the attachment 
weights.
④To enhance the functionality of the attachments by
using the technology of improving  abrasion resis-
tance and the structural health monitoring of CFRP.
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