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Functional Improvements to Expand the Application Range of the Crime and Disaster Prevention Lighting System

Ⅰ．Introduction

　　　Street light installation is prohibited near 

farmlands, making the daily commute through the area 

difficult at night. In addition to issues such as declining 

birthrate and aging population, the farmlands in rural 

areas are converted to residential lands due to the 

shortage of farm successors. Therefore, residential lands 

surrounded by farmlands are often sold, and there are 

even areas where it is essential for children to be dropped 

off and picked up by their parents on their way home. In 

March 2022, we installed six blue light-emitting diode 

（LED） security lighting systems on city roads with 

similar regional characteristics ［1］ used by students to 

commute to and from apartments and drive to and from 

the student parking lot. These roads are narrow without 

any lanes （4.8- and 5.8-m wide） but commuter vehicles 

and school shuttle buses operate here. Thus, pedestrians 

may almost hit the fence on the side of the road whenever 
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a vehicle passes by and some suspicious activities were 

also reported. However, because these roads are adjacent 

to rice fields, lighting systems have not been installed 

therein. Such systems ensure the safety and security of 

students and passerby without affecting the crop growth.

　　　This security lighting system is more than just a 

street light and has various installation conditions, 

locations, and uses. Thus, its specifications must be 

periodically improved to address the issues in a region. 

Therefore, a scheme is under consideration wherein the 

light system can be used as an experimental device, and 

its specifications can be improved based on various 

conditions. Moreover, we will conduct demonstration 

experiments using the device and implement it to solve 

social issues. In subsequent sections, the results of using 

the light system since its development have been 

discussed along with the social issues that will be 

addressed in the future using the said system.

Ⅱ．�Role�of� lighting�and�security� lights� in� town�

development

　　　Urban lighting is vital for urban development as 

it can impact the quality of tourism, events, and 

landscapes and prevent crimes and disasters. In 

subsequent sections, the background of the study and 

related research on blue security lights are discussed. Part 

of this chapter is published in the third issue of the 

annual report; herein, the research background is 

discussed detail and some issues are addressed.

1 ．Historical�background�of�blue�security�lights

　　　Blue security lights were introduced in Japan ［2］ 
motivated by the reports that blue security lights installed 

on Buchanan Street in Glasgow, Scotland’s largest city, 

may help reduce crimes. The related effects and 

possibilities of blue security lights were verified in 

several studies. Ikemoto et al.  ［3］ conducted a 

demonstration experiment of installing blue LED security 

lights in Tokushima Prefecture, interviewed road users 

about the visibility, impressions, and psychological 

effects of the installed device and investigated the current 

situation and possibilities. Taira ［4］ examined the current 

status of blue LED security light installation in Japan, its 

use in crime prevention, and its psychological effects. 

Moreover, the characteristics of blue and white composite 

LED lighting were determined. Mizokami ［5］ discussed 

the blue street lights installed in residential areas and 

blue suicide-prevention lights installed at railway stations 

and railroad crossings and verified their effectiveness, 

particularly in the railway sector, using a questionnaire. 

Ohno et al. ［6］ believed that blue lighting and the color 

itself were perceived differently in various countries and 

environments and further investigated these points using 

a questionnaire by particularly targeting students in 

Kansai and Glasgow. Additionally, differences based on 

whether or not people have seen such blue lighting 

system were discussed herein.

2 ．Role�and�position�of�security�lights

　　　This section overviews the role and position of 

lighting and security lights in urban development and 

explores their possibilities. The current role of lighting 

role in the urban development in Glasgow, which 

motivated the introduction of blue security lights in 

Japan, were explored based on the urban development 

plan of the city council. Blue security lights were 

installed in Glasgow as part of the city’s lighting strategy 

introduced in 2005 during the Radiance, Glasgow 

Festival of Light, to differentiate streets. The “Glasgow 

City Center Strategy and Action Plan 2014–19 ［7］” 
states that the benefits of the city center must be 

promoted to tourists and residents via campaigns, 

branding, and events. To this end, four strategies were 

proposed to change the appearance of the downtown 

area: the City of Light Strategy, a high-quality public 

space program wherein 162 km of white streetlights are 

installed, two Radiance Light Festivals, and development 

of the city by installing lighting systems. The Glasgow 

City Council Strategic Plan 2017–2022 ［8］ has proposed 

“Improve the efficiency of services through the 
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development of smart technologies, including garbage 

collection and street l ighting” to realize urban 

development and sustainable cities. The universal design 

of lighting and colors for urban development have been 

extensively researched. Ishida ［9］ proposed to consider 

various visual situations and sensibilities when installing 

artificial light designs in public spaces. He pointed out 

that there is a need to consider minorities, not just their 

ideas. Kubota et al. ［10］ developed a color universal 

design support system for walking spaces by focusing on 

differences in color identification and color vision 

characteristics in walking spaces; the use of online 

systems were experimentally validated. Yamamoto ［11］ 
presented a method of evaluating comfort, particularly in 

public spaces, clarified impressions, and explored the 

possibility of reflection in future lighting design. Several 

strategies for crime prevention on streets at night have 

been proposed. Yanase et al. ［12］ conducted a survey to 

understand the expectations of pedestrians from streets at 

night and clarify the current state of the light environment 

that affects route selection. Thus, the impression and 

visibility achieved by manipulating the spacing of street 

lights at two locations with different sidewalk widths 

were investigated herein. Yabuki et al. ［13］ developed a 

lighting system that used a wireless sensor network and 

lights from a private property as the lighting source to 

prevent crimes via territoriality and surveillance in 

residential areas at night. Inspired by this, wireless 

sensor–linked lighting and wireless sensor pseudo 

leakage light were used herein, and an impression 

evaluation experiment was conducted via 3DCG 

animation. The importance of lighting from a landscape 

perspective and the diverse roles of lighting and security 

lights in urban development were also investigated ［14］.

3 ．Possibility�of�installing�blue�security�lights

　　　The impressions and psychological effects of 

installing blue security lights were analyzed by 

conducting multiple demonstration experiments. 

However, the impressions of installing blue security 

lights must be analyzed by considering technological 

advances and innovations along with the impact of 

environments in which they are installed. Furthermore, 

from the perspective of the role of lighting in urban 

development, we will examine ways to use lighting and 

light from various perspectives and verify their 

effectiveness as they can influence the impression of a 

region or spot and can characterize that region. The ideal 

form of security lights must be considered with an eye 

toward the realization of smart cities. Awareness 

regarding the use of blue for crime prevention is 

spreading as blue revolving lights are installed on 

voluntary security patrol vehicles. Additionally, residents 

of Tokushima Prefecture, which was the first in the world 

to commercialize high-brightness blue LEDs and has 

considerably higher global share of LED production, are 

likely familiar with blue LEDs. Therefore, such factors 

will also be considered during analysis.

Ⅲ．�Questionnaire� survey� on� this� device� after�

installing�a�blue�LED�security� light�with� a�

security�camera

　　　After device installation, we conducted an 

awareness survey using a questionnaire to understand the 

students’ and local residents’ perception regarding this 

device and its necessity.

1 ．Purpose

　　　After installing the blue LED security light with a 

security camera, we specify the use of security camera, 

the blue image, and the necessity of installing the device.

2 ．Method

1 ）�Recruitment�of�research�collaborators

　　　Research collaborators were the residents of the 

local government/self-governing association where the 

device was installed and users of the university campus. 

An approval for recruiting collaborators was obtained in 

advance from the Shikoku University Research Ethics 

Review Committee of the institution to which the author 
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belongs （approval number 2021005）. Then, written 

explanations were handed over to the local residents, 

verbally explaining the research purpose, their free will 

to cooperate, that refusal would not be a disadvantage, 

and that the results would not be used for purposes other 

than research. Survey forms and self-addressed stamped 

return envelopes were distributed and requested the 

participants to take the survey and post their responses. 

For university students, information about research 

cooperation was provided on the portal, and similar 

explanations were given to those who made requests; 

they were also asked to post their responses in the 

designated drop boxes.

2 ）Survey�period

　　　The study was conducted from November to 

December 2023.

3 ）�Data�collection�Method

　　　An anonymous, self-administered questionnaire 

was created based on the findings from the literature and 

used for the research herein.  The i tems on the 

questionnaire were scored based on a five-point Likert 

scale, where 5 indicated “strongly agree “ and 1 indicated 

“not at all.” The questions were related to the installation 

of street lights with security cameras （10 items） and 

their perception about the blue color from blue LED 

security lights with cameras （10 items）, as shown in 

Table 1 ［1］.
　　　We investigated the necessity of installing the 

system in 10 locations: “A plaza where young people 

gather,” “On the bridge,” “Front door of homes,” 
"Rivers and coastlines,” “Streets in the neighborhood,” 
“Near railroad crossings,” “Everywhere in town,” “Park/

children’s play area,” “Near the school gate,” and 

“Children’s school route.” 'The survey was conducted 

using “Need 1, Unnecessary 0.” We asked them to freely 

describe any other areas that required system instal-

lations.

 

4 ）Analysis�method

　　　After tabulating each question, we checked for 

Table 1 �Questionnaire�used�in�the�survey�［1］
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any differences in how people perceived the device after 

it was installed depending on whether they had seen it or 

not. To this end, non-normality was confirmed using the 

Shapiro–Wilk test and the statistical software SPSSVer29 
（p = 0.000 for all items, and data distribution showed 

non-normality at p < 0.01 for all items）. Then, the 

Mann–Whitney U test （significance level: 5%） was 

performed.

3 ．Results

1 ）Overview�of�research�collaborators

　　　A total of 232 research collaborators participated 

in the survey: 87 men, 143 women, and 2 who did not fill 

in the information. The age breakdown, data collection 

location, and occupation are shown in Table 2 . 

Additionally, 126 people （54%） had seen the device 

installed on the north side of the university, whereas 106 
people （46%） had never seen it （Fig. 1）.

2 ）�What�are�your�thoughts�on�the�installation�of�

street�lights�with�cameras?�（10�questions）�

　　　Table 3 shows the results of the survey conducted 

for people’s perception about the installation of security 

cameras. Among the 10 questions on security cameras, a 

significant difference was observed between these 

questions: “I feel cramped in my life when I am being 

filmed by security cameras” and “Security cameras are 

not particularly effective.” The participants who did not 

see the security camera felt cramped and thought it did 

not help prevent crimes. However, the scores were low 

for both set of questions, indicating that they generally 

Fig.�1　�Chart�showing� the� results� for�whether�or�not�
the�installed�equipment�was�seen

Table 2 �Overview�of�research�collaborators

Table 3 �Results�for�the�question�on�the�installation�of�street�lights�with�cameras
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viewed the installation positively.

　　　Other items, such as being able to live with peace 

of mind and being able to prevent accidents, were both 

scored highly without any significant differences, 

indicating that respondents viewed them positively.

3 ）�What�do�you�think�about�the�color�blue�from�

the�blue�LED�security�light�with�camera?�（10�

questions）�

　　　Table 4 shows the results of a survey on what 

people thought about the blue color of the device. There 

were significant differences in 7 of the 10 questions.

　　　The participants who saw blue security lights 

scored higher on the four questions: “Blue has a calming 

effect,” “Blue is a deterrent to crime,” “If there is blue 

lighting, crime prevention can be expected to be 

enhanced,” Blue lighting makes the landscape appear 

beautiful,” indicating that they perceived them to have a 

calming and crime-preventing effect.

　　　In contrast, for three questions “Blue lighting 

makes the landscape look lonely” and “Blue is not 

evidence of a crime because the color of  your 

complexion and clothes look different,” “There is no 

need to install a camera if the blue light has a crime-

prevention effect”; those who had seen blue security 

lights scored lower. In other words, the survey results 

showed that this device can improve the scenery and 

prevent crimes and requires a camera.

　　　The results of the survey conducted after 

installing the device showed that people who had seen 

Table 4 �Results�for�the�questions�about�the�blue�color�from�the�blue�LED�security�light�with�camera�

Fig.�2��Results�of�an�awareness�survey� for�each�question� regarding� the� location�of�device�conducted�after� its�
installation
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the device had a more positive view of it.

4 ）�Where�should�the�blue�LED�security�light�with�

camera�be�installed?（10�choices）

　　　We investigated the necessity of installing the 

device in 10 locations: “A plaza where young people 

gather,” “On the bridge,” “Front door of a home,” 
“Rivers and coastlines,” “Streets in the neighborhood,” 
“Near the railroad crossing,” “Everywhere in town,” 
“Park/children’s play area,” “Near the school gate,” and 

“Children’s school route.” The results are shown in Fig. 

2.
　　　More than 90% of respondents answered that 

“Children's school route （96.9%）,” “Near the school 

gate （93%）,” and “Park/children's play area （91.6%）” 
required these systems. In addition, more than 50% of 

respondents said that it should be installed in all the 10 
locations.

　　　We asked the participants to write down any other 

areas they thought were necessary, and the following 

were listed: “Near the entrance to the restroom,” “Locker 

rooms,” “Dark streets with no street lights,” ' and 

“Parking/bicycle parking.” In particular, there was a 

request for “more streetlights to be installed on the road 

to the second north parking lot.” We installed the device 

along the road to the second north parking lot, but it was 

found that there were still not enough users and that there 

was a desire to install more devices. 

Ⅳ．Impact�of�the�device�on�agricultural�crops

　　　We conducted a survey and analysis to determine 

the effects of the device on plant growth. Night lighting 

negatively impacts the crops, delaying the emergence of 

rice grains and increasing the number of insect pests. To 

mitigate this issue, light distribution control has been 

proposed ［15］. However, a board reflector used for this 

purpose reduces the light intensity but consumes more 

power, which is not desirable from the perspective of 

energy cost performance. Therefore, blue LEDs and 

high-speed flash are considered effective counter-

measures ［16］. The proposed lighting system uses blue 

LEDs as the lighting module, and its impact on 

agricultural crops must be determine for its practical 

applicability. To this end, experiments were conducted in 

2022 and 2023 on rice and broccoli. The growth status of 

both crops was visually confirmed with and without LED 

projection.

　　　Figure 3 shows the experimental environment of 

rice, wherein a blue LED was projected directly onto the 

right stock group. Experiments were also conducted 

under conditions wherein the left plant group was 

irradiated with indirect light. A comparison of the 

heading time of both groups revealed that the plants 

irradiated with direct LED light were longer but the 

heading time delayed. Contrastingly, no such effect was 

observed in the plants subjected to indirect irradiation. 

The illuminance and other aspects of the proposed 

lighting system have been designed assuming that it will 

be installed at a height of around 4 m, and the impact on 

rice crops will be minimal at such an installation height.

　　　Figure 4 shows the effect of blue LED projection 

on the growth of broccoli. For the group that was not 

irradiated with blue light, growth was inhibited due to 

insect feeding damage, whereas less damage was 

observed in the group irradiated with blue light. The pest-

repellent effect of blue LED projection was also 

previously reported ［17］. Blue light irradiation may be 

beneficial for the growth of certain crops.

Fig.�3�Blue�LED�projection�experiment�on�rice
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　　　The following conclusions can be drawn 

regarding blue LEDs and plant growth.

　⑴ 　Irradiation from a close range promotes germination 

and growth. However, the irradiation distance of the 

proposed system did not considerably impact the 

crop growth. This will be quantitatively verification 

in future studies.

　⑵ 　Blue light had a pest-repellent effect on broccoli. 

The effective irradiation distance will be quantitatively 

determined in future studies.

Ⅴ．Anomaly�detection�of�passerby

　　　The proposed device was also used for anomaly 

detection by installing it on street lamps at a height of ~4 

m relative to the ground along with a camera unit that 

was built into the same body （Fig. 5）. The experiments 

were conducted to recognize the passerby and their 

behavior.

　　　Joint body models were previously used to 

classify the behavior of passersby ［18］, and facial 

recognition ［19］ was used to identify the individuals. 

However, as the models were installed at a height and 

consumed more power, low-resolution images were 

captured. Herein, as the camera unit of the proposed 

device was installed at a height of 4 m, images of 

passersby were captured directly from above or 

diagonally （Fig. 6）. Therefore, it is difficult to obtain 

joint body models and face recognition.

　　　We will be using gait recognition, which is an 

identification method used to recognize individuals based 

on their gait. This approach has garnered considerable 

attention because it can be used even at low resolution 

and performs passive authentication. It is also used in 

various fields including forensic investigations ［20］. 
Gait recognition can be performed when sufficient data 

are captured by the camera system of the device.

　　　To perform gait recognition, individuals were 

detected using the object detection algorithm, YOLO, 

owing to its ability to detect objects at a high speed ［21］. 
As shown in Figure 6, two individuals were detected in 

the video （marked in green）. However, the detection 

Fig.�5��Suggested�security�camera�system� �
（Blue� light-emitting�area� in� the�upper�center�of�
the�image） Fig.�6�Photographed�image

Fig.�4��Effect�of�blue�LED�projection�on� the�growth�of�
broccoli（Left:�without� irradiation,�Right:�with�
irradiation）
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accuracy considerably decreases when three or more 

individuals are detected. In the future, we will balance 

high speed and detection accuracy in gait recognition.

Ⅵ．�Expansion� of� systems� for� searching� and�

detecting�victims

　　　The proposed device was effectively used to 

address various local issues besides crime prevention. 

The camera module has Full HD resolution, with 

6223A-SRD WiFi + Bluetooth module, display control 

appl ica t ion  processor  wi th  H.264  Codec ,  and 

N32926U4DN video processor. N32926U4DN is a 

system-on-chip （SoC） obtained from Taiwan's Nuvoton, 

and the CPU is equipped with an ARM926EJ-S, a video 

processor specialized for camera and video processing, 

including video codec. We prioritized on the functions of 

camera, wireless communication, video storage, GPS 

（current location/time）, and security light. Considering 

that the security light was a separate circuit, It can be 

reproduced using a Raspberry Pi+ camera module + GPS 

module. Therefore, we installed the device in which the 

main board was replaced with a Raspberry Pi + camera 

module in U302 and verified its operation.

　　　First, we confirmed that Raspberry Pi could be 

remotely connected to the classroom LAN via wireless 

LAN to view videos from other laboratories. RTSP and 

H.264 formats were used for video distribution. 

Furthermore, on the receiving side, AI was used to detect 

objects and people. We also tested the process of saving 

only frames where a person was detected and confirmed 

that although the HDD was full, videos could be 

recorded. YOLO v8 was used for object detection. The 

proposed device should operate independently during 

emergencies such as disasters in mountainous or urban 

areas. Therefore, an independent network was built. The 

contents of the study, including experiments and surveys, 

are shown below.

　　　To meet  sustainable  development  goals , 

sustainable systems must be used not only during 

disasters but also during normal times. Therefore, 

wireless systems that consume less power must be 

developed. To this end, we considered Private LoRa; 

however, its communication speed was considerably 

slower to handle images and videos. WiFi HaLow ［22］ 
and Wi-SUN FAN ［23］ are also being considered. 

Although WiFi HaLow is not a mesh-type network, it can 

transmit images at a high speed. Wi-SUN FAN has a 

lower range and distance than WiFi HaLow, but it can 

transmit images and has a mesh network.

　　　By making it a battery-powered + mesh network 

terminal, it could be used to find, contact, and understand 

the situation of people in distress and disaster victims. 

The device can become an effective infrastructure for 

saving lives during disaster.

Ⅶ．Conclusions

　　　The proposed device has a simple structure with 

blue LED lighting system and a built-in security camera. 

It can be used for disaster and crime prevention. In the 

future, we will equip drones with mesh network terminals 

and disperse them around sites where disaster victims 

and survivors may be present. We will also contact and 

exchange information with disaster victims and people in 

distress via the mesh network built using the proposed 

device.
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