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Development of a Sustainable Crime and Disaster Prevention Lighting System that Contributes to the Safety and Security of Communities

Ⅰ．Introduction

　　　The existence of street lights has important 

significance for residents to ensure safety at night and to 

live in the community with peace of mind. However, the 

installation of such systems may adversely affect the 

growth of crops; thus, selecting a method that poses 

fewer problems for both farmers and residents has 

become an important issue. Residents think that it is 

essential to install street lights on children’s school 

routes and on community roads. On the one hand, it is 

generally difficult to install them on roads leading to 

houses near paddy fields and fields out of consideration 

for agricultural businesses in these areas. On the other 

hand, universities have the responsibility to protect 

students from suspicious persons when leaving school at 

night, among others, and to maintain and operate a 

campus where they can study with peace of mind by 

ensuring safety. However, in consideration of the impact 

on agricultural crops, Shikoku University,（i.e. the 

authors’school）, has not been able to install street lights 

on some school routes.

　　　This is because in recent years, many farmlands 

have been converted into residential lands, and the 

remaining farmlands are scattered among residential 

areas. The same is true for the back side of the university

（north side） and the rice fields adjacent to the city road 
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that is part of the school route（Fig. 1 ）. As rice is a short-

day plant, under long-day conditions, such as in the case 

of street lights, road lights and advertising lights, the 

delay in heading leads to reduced yields and poor quality 

［1］. The number of days of delayed heading that does 

not affect the harvest of rice is 3 days or less ［1］. 
Therefore, we clarified the installation conditions of 

street lights that satisfy the conditions and then designed 

and installed them.

　　　Meanwhile, it has been reported that the colour 

blue has a calming effect, and many blue streetlights are 

installed across the country ［2,3］. However, its effect is 

not clear ［4,5］. Therefore, when installing blue LED 

security lights with security cameras, it is necessary to 

clarify the necessity of installation and the use of this 

colour. The authors showed that the selection of blue 

LED lighting was appropriate by reviewing the literature, 

after which we described the results of a questionnaire 

survey to residents and students. We also reported on the 

installation of the blue LED security/disaster prevention 

light with a camera（hereafter referred to as ‘this 

device’）.

Ⅱ．Effects�of�blue�LED�lighting�on�rice�cultivation

　　　In this study, we reviewed the literature for 

conditions that do not affect the yield of rice, specifically, 

those conditions that can limit the number of days to 

delay heading to within 3 days. These include the 

installation location（the distance from the rice plant to 

the light source）, the installation angle of the light 

source, as well as the type, colour and wavelength of the 

light source.

　　　To reduce the delay of heading within 3 days, it 

was necessary to control the light distribution with LED 

lights of 5 lx or less at a field height of 20 cm ［6］. 
Furthermore, we found that by using blue light LEDs, the 

heading started and completed on almost the same 

schedule as when there was no night-time lighting ［7］. 
　　　Harada et al. reported that near-ultraviolet（UV）, 
white, yellow and red LED light sources significantly 

delayed the emergence of rice ［8］. In the case of white and 

blue/green LED light sources, the delays are reported to be 

13 days and less than 3 days, respectively ［9］. Meanwhile, 

in the case of light emission control, the delay in heading is 

reported to be 1 day ［10］. Based on these results, we 

decided to adopt a blue LED light source for this study.

Fig.�1�Back�area�of�Shikoku�University（north�side）
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Ⅲ．�Necessity�of� the� Installation�of�Blue�Street�

Lights�and�the�Participants’Impressions

1 ．Purpose

　　　Regarding the installation of blue LED security 

lights with cameras, we will clarify the necessity of 

installation and the use of the blue colour.

2 ．Method

a．Recruitment of research collaborators

　 　　　Research collaborators included residents of 

the local government/self-governing association where 

the device was installed, as well as users of the 

university campus. Approval was obtained in advance 

from the Shikoku University Research Ethics Review 

Committee of the institution to which the author 

belongs（approval number 2021005）. Afterwards, we 

provided written explanations to the local residents. 

We explained both in writing and verbally the purpose 

of the research, the voluntary nature of their 

participation, that refusal would not be a disadvantage, 

and that the results would not be used for purposes 

other than this research. Then, we distributed survey 

forms and self-addressed stamped return envelopes on 

the spot and asked those who could cooperate with the 

survey to put the results of their responses in the post 

and post them. For all university students, information 

about research cooperation was provided on the portal, 

and similar explanations were given to those who 

made requests. They were then asked to post in the 

designated drop-boxes.

b．Survey period

　 　　　The survey was conducted from June 2021 to 

August 2021.
c．Data collection method

　 　　　The  su rvey  used  an  anonymous  se l f -

administered questionnaire. The items on the 

questionnaire are five-point Likert scales, ranging from 

5（‘strongly agree’） to 1（‘not at all’）. Tables 1 and 2 
show the contents of the questionnaire.

d．Analysis method　
　 　　　The statistical software in the analysis was 

SPSS Ver26. First, we performed a simple tally. Then, 

we checked whether there was a difference in 

Table�1.�What�are�your�thoughts�on�the�installation�of�street�lights�with�cameras?

Table�2.　What�do�you�think�about�the�blue�colour�of�the�LED�security�light�with�camera?
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interpretation depending on gender, students and 

working status. After confirming non-normality with 

the Shapiro–Wilk test, we performed Mann–Whitney 

U test, in which the significance level set at 5%.

3 ．Results

a．Overview of research collaborators（Table 3）
　 　　　The summary of the research participants is as 

follows: 85 males, 192 females and 2 individuals who 

did not identify their genders for a total of 279 persons. 

See Table 3 for age breakdown, data collection 

location and occupation.

b， ‘What are your thoughts on the installation of street 

lights with cameras?’
　 　　　The participants had positive views about the 

Table�4．Results�of�the�awareness�survey�on�the�installation�of�street�lights�with�security�cameras

Table�5．Results�of�the�awareness�survey�on�the�blue�colour�of�camera-equipped�security�lights

Table�3．Overview�of�research�participants
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installation of street lights with security cameras and 

thought that the installation provided them with peace 

of mind. Related to Question 6, many people felt safe 

because they would not be inadvertently suspected. 

Furthermore, the results statistically showed that more 

students than working adults and more women than 

men think this way. Women also felt more secure, 

whilst men felt more restricted（Table 4）.
c． Impression on the blue colour of the camera-

equipped security lights

　 　　　The results showed that men tended to feel 

colder than the blue colour of the blue LED security 

light with camera. In addition, a large percentage of 

the students thought that the scenery with blue lighting 

was beautiful and had a calming effect. As these results 

are strictly based on individual senses, it is necessary 

to verify them using physiological testing methods, 

such as electroencephalograms and heart rate monitors, 

in the future Table 5.

Ⅳ．�Installation�of�Blue�LED�Street�Lights�with�

Security�Cameras

　　　For the security camera-equipped blue LED 

security lights, we adopted‘ACTIKLE’ , whose 

performance is shown in Table 6 and is sold by Amano 

Corporation. Designed by Amano Corporation（a joint 

research team of the authors）, the ACTIKLE can be 

Table�6.�Specifications�of�the�ACTIKLEs�used�in�this�study

Fig.�2�State�of�construction�during�the�device�installation

Fig.�3�Location�of�the�installed�device�and�the�immediate�surroundings
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operated with a commercial AC power supply and is sold 

commercially. Based on this device, we modified it to run 

on solar power and batteries. Table 7 shows the 

specifications of the solar panel and the battery we used 

in this study. 

　　　In February 2022, pole installation work was 

carried out, and in March of the same year, six ACTIKLEs, 

which were improved to operate with solar power 

generation and batteries（this system is called this 

device）, were installed.

　　　The power supply voltage of the blue LED 

lighting section of this device must be 12V or higher, 

whilst the power supply voltage of the security camera 

section and the communication device section must be 

5V or higher.  Therefore,  for the demonstration 

experiment, we decided to supply power with a 

combination of one solar panel（23W power generation） 
and one seal battery（12V output）.
　　　However, due to adverse weather conditions, such 

as rain and cloudiness as well as shadows of buildings, 

power may not be supplied as expected. Under such 

conditions, the numbers of days of battery-only operation 

were set as 2 days for the lighting unit and 7 days for the 

security camera.

1 ．�Improving�power�supply�capacity�and�power�

generation�capacity

　　　We further examined the amount of power 

generated by the solar system and the type and capacity 

of the storage battery. The battery has added lithium ion 

in addition to the sealed battery. Then, the lighting power 

supply was separated from that for the video camera and 

communication equipment. The lithium-ion（Li-ion） 
battery was used for lighting, and the sealed battery was 

used for  the video camera and communicat ion 

equipment. In addition, the number of solar panels was 

increased from one to four, enabling rapid charging with 

four times the amount of current. As a result, the lights 

remained on for at least 10 days even when there was 

insufficient sunlight, enabling 24-hour continuous 

recording. The types of solar panels and Li-ion batteries 

are the same as those shown in Table 7.

Ⅴ．Consideration

　　　In this study, based on the results of literature 

Fig.�4�Improved�version�of�blue�LED�security�light�with�security�camera

Table�7.�Power�specifications�for�the�installed�device

ACTIKLEACTIKLE
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review and questionnaire survey, we determined the 

importance of installing the proposed device and 

obtained the consent of local residents and rice farmers 

to make such an installation. By installing this device, we 

prevented a decrease in yield due to delays in the 

emergence of rice, gain the consent of the surrounding 

farmers and secure the safety and security of the students 

and residents. However, to standardise this result and 

promote the safety and security of community roads near 

rice paddies nationwide in the same way, there are many 

more demonstration experiments that must be conducted 

whilst considering other factors. These factors include 

temperature, hours of sunshine, amount of precipitation 

and types of crops, among others. Therefore, it is 

necessary to continue investigating the various effects of 

blue LED light irradiation in future studies.

　　　Overall, the residents’reaction to the device was 

positive. However, as there are differences in perceptions 

depending on gender and age, it is also necessary to 

scientifically investigate psychological changes among 

the participants after installation, especially when it 

comes to colour. Furthermore, even if there are 

psychological changes or changes in mood, it is not 

known whether these changes will be directly reflected in 

individuals’behaviours. Therefore, it is necessary to 

investigate physiological data as well.

　　　In this study, we adopted solar power generation 

and batteries, which are renewable natural energies, 

instead of commercial products for the power supply 

needed for the device. As a result, the degree of freedom 

in the installation location increased, and it can be 

expected to function not only as a crime prevention light 

but also as a disaster prevention tool. According to a 

survey on the lives of residents affected by the Great East 

Japan Earthquake ［11］, health problems have emerged 

due to the disruption of lifelines such as gas. This shows 

that power supplies must be considered as well. 

Assuming that the proposed device will be installed in 

evacuation areas, preparations are currently being made 

so that certain devices, such as smartphones and radios, 

can be charged from the lighting battery in the event of a 

disaster.

　　　Thus, in the future, we will continue further 

demonstration experiments, add functions as disaster 

prevention lights, add other necessary functions and 

make continuous improvements. In addition, we are 

currently considering systematisation from the viewpoint 

of crime prevention, such as making it possible to 

identify suspicious people using artificial intelligence-

based automatic face recognition of security camera 

images. However, as the viewpoint of disaster prevention 

is also important, it is necessary to come up with a device 

that can prevent and deter accidents and incidents in the 

event of a disaster.

　　　Adding the necessary value to this device in terms 

of both crime and disaster prevention and using it as a 

regional infrastructure will contribute to the creation of 

safe and secure cities. We would like to approach new 

value creation, in which local communities can work 

together from an academic standpoint.

Ⅵ．Conclusions

　　　In this study, based on the results of literature 

review and questionnaire survey, we determined the 

importance of installing the proposed device and 

obtained the consent of local residents and neighbouring 

rice farmers to make such an installation. In addition, by 

adopting a power supply system that uses renewable 

solar energy, we were able to develop a highly versatile 

device from the perspective of SDGs and disaster 

prevention.

　　　In the future, to make the device more reliable, 

Fig.5�Appearance�after�equipment�installation
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we expect to add the necessary added value by 

conducting further demonstration experiments. We would 

also like to contribute to the realisation of a safe and 

secure society by implementing it widely in society.
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