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Subject line: A moth’s virtual reality 
 
(Tokyo, December 15) Researchers build a multi-modal VR system to study the behavior of 
male silkmoths searching for females using visual, wind, and odor signals, helping to shed 
light on how an insect deals with conflicting information 
 
A team led by the Graduate School of Engineering Science at Osaka University and the Department 
of Systems and Control Engineering at Tokyo Institute of Technology (Tokyo Tech) has shed light on 
the search behavior of moths using a specially constructed virtual reality system that can 
independently apply visual, wind, and odor stimulation. This work may help in the development of 
automated robots that can find chemical leaks or that operate in search-and-rescue environments.  
 
 

 
Fig.1 Research procedure for behavioral experiments that use insect VR for model validation 
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The ability of most organisms to survive and reproduce depends on their navigation skill within an 
environment based on sensory information. Often, data from several modalities, such as vision and 
olfaction, must be successfully integrated in order to determine the correct behavior. This is 
particularly true for search tasks, such as looking for food or potential mates when an odor or 
pheromone signal is present. However, the mechanism by which insects can find the source of an 
odor, as well as the impact of conflicting data sources, are largely unknown.  
 
To study this issue, the team built a virtual reality system for male silkmoths that could present odor, 
wind, and visual stimuli. Air flow was controlled for the front, back, left, and right sides of the moth. 
At the same time, a pheromone could be applied to the two antennae independently using odor 
discharge ports. A 360-degree array of LED lights, which rotated automatically based on the motion 
of the moth, provided visual feedback. “The VR system we developed for this study can monitor 
female search behavior in a complex environment,” study first author Mayu Yamada explains. 
 
The behavioral experiments using the VR system revealed that the silkmoth had the highest chance 
of navigating successfully when the odor, vision, and wind information were accurately provided. 
However, the search success rate was reduced if the wind direction information was in conflict with 
the odor stimulus. In this case, the silk moth was seen to move more carefully. This reflected a 
modulation of behavior based on the degree of complexity of the environment. 
 
The team recorded a migration probability map to visualize the effects of differences in environmental 
conditions on the behavioral trajectory. They developed a new mathematical model that not only 
succeeded in reproducing the silk moth search behavior, but also improved the search success rate 
relative to the conventional odor-source search algorithm. 
 
“We think that this multi-sensory integration mechanism will help with the motion algorithm of 
automated rescue robots,” senior author Shunsuke Shigaki says. This would allow search robots to 
find chemical leaks more efficiently.  
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About Osaka University  
Osaka University was founded in 1931 as one of the seven imperial universities of Japan and is 
now one of Japan's leading comprehensive universities with a broad disciplinary spectrum. This 
strength is coupled with a singular drive for innovation that extends throughout the scientific 
process, from fundamental research to the creation of applied technology with positive economic 
impacts. Its commitment to innovation has been recognized in Japan and around the world, being 
named Japan's most innovative university in 2015 (Reuters 2015 Top 100) and one of the most 
innovative institutions in the world in 2017 (Innovative Universities and the Nature Index 
Innovation 2017). Now, Osaka University is leveraging its role as a Designated National University 
Corporation selected by the Ministry of Education, Culture, Sports, Science and Technology to 
contribute to innovation for human welfare, sustainable development of society, and social 
transformation.  
https://resou.osaka-u.ac.jp/en 
 
 
About Tokyo Institute of Technology  
Tokyo Tech stands at the forefront of research and higher education as the leading university for 
science and technology in Japan. Tokyo Tech researchers excel in fields ranging from materials 
science to biology, computer science, and physics. Founded in 1881, Tokyo Tech hosts over 10,000 
undergraduate and graduate students per year, who develop into scientific leaders and some of the 
most sought-after engineers in industry. Embodying the Japanese philosophy of “monotsukuri,” 
meaning “technical ingenuity and innovation,” the Tokyo Tech community strives to contribute to 
society through high-impact research.  

https://www.titech.ac.jp/english/ 
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