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Abstract: In this study, we describe the results of an analysis of the effectiveness of providing
pedestrian safety services, in terms of reducing pedestrian traffic accidents. We conducted our
analysis by investigating the speed of vehicles at two different demonstration points, where the
same system and service were provided. For this purpose, we selected a child protection zone
and a point on a general road section where a raised crossing is installed. We conducted vehicle
speed surveys at the point adjacent to the crosswalk and the points where the driver is expected
to be fully provided with information, in order to examine the change in vehicle approach speed,
depending on the provision of the service. Overall, the analysis showed that the vehicle’s speed
at the point and approaching speed decreased when the pedestrian safety service was provided;
however, the effect was more pronounced in the child protection zone, considering the characteristics
of the demonstration points. From these results, we conclude that it is necessary to provide services
and develop guidelines considering the surrounding environment, such as traffic safety facilities
and road safety facilities, according to the characteristics and classification of each point, in order to
provide efficient pedestrian safety services.

Keywords: traffic safety facilities; pedestrian safety; pedestrian safety service; sensor fusion;
accident prevention

1. Introduction

In Korea, the number of drivers continues to increase, due to the increase in population
and improved socio-economic conditions. Over the past decade, the population has
increased by 0.47% annually, from about 49.6 million people in 2010 to about 51.7 million
people in 2019 [1]. Meanwhile, the number of registered vehicles has increased by 3.13%
annually, from about 17,941 thousand vehicles in 2010 to about 23,677 thousand vehicles
in 2019 [1], more than six times the population growth rate. Amid these social changes,
traffic accidents caused by vehicles are a very big problem. In particular, pedestrian traffic
accidents, which are likely to develop into relatively serious accidents, have become a
serious issue.

According to the statistics on pedestrian traffic accidents in Korea [1], out of 229,600 traf-
fic accidents in 2019, there were 46,150 pedestrian traffic accidents (i.e., vehicle-to-person),
accounting for 20.10%, which appeared to be reduced by 1.65%, compared to 21.75% in
2010, and reduced by 0.87% compared to the annual average over the past decade. On the
other hand, considering the death toll from pedestrian traffic accidents, the death toll from
pedestrian accidents out of 3349, as the death toll from the overall traffic accidents in 2019
accounted for 1271 (i.e., 37.95%), which appeared to increase by 1.44%, compared to 36.51%
in 2010.

Table 1 shows the trend of traffic accidents and pedestrian accidents in Korea over the
past decade, indicating that the death toll from pedestrian accidents has increased by 0.43%
annually, on average.
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Table 1. Trend of traffic accidents and pedestrian accidents from 2010 to 2019 [1].

Year
Number of Accidents Number of Death

Persons (A)
Number of Injured

Persons (B)
Number of

Casualties (A + B)

Total Pedestrian Ratio Total Pedestrian Ratio Total Pedestrian Ratio Total Pedestrian Ratio

2010 226,878 49,353 21.75 5505 2010 36.51 352,458 50,396 14.30 357,963 52,406 14.64
2011 221,711 49,701 22.42 5229 1998 38.21 341,391 50,907 14.91 346,620 52,905 15.26
2012 223,656 50,111 22.41 5392 1977 36.67 344,565 51,462 14.94 349,957 53,439 15.27
2013 215,354 49,130 22.81 5092 1928 37.86 328,711 50,235 15.28 333,803 52,163 15.63
2014 232,552 50,315 21.64 4762 1843 38.70 337,497 51,590 15.29 342,259 53,433 15.61
2015 232,035 50,980 21.97 4621 1764 38.17 350,400 52,270 14.92 355,021 54,034 15.22
2016 220,917 48,489 21.95 4292 1662 38.72 331,720 49,745 15.00 336,012 51,407 15.30
2017 216,335 46,728 21.60 4185 1617 38.64 322,829 47,827 14.81 327,014 49,444 15.12
2018 217,148 45,248 20.84 3781 1443 38.16 323,037 46,456 14.38 326,818 47,899 14.66
2019 229,600 46,150 20.10 3349 1271 37.95 341,712 47,406 13.87 345,061 48,677 14.11

Average
annual
rate of
change

0.13 −0.74 −0.87 −5.37 −4.97 0.43 −0.34 −0.68 −0.33 −0.41 −0.82 −0.41

Source: Traffic accidents statistical analysis, Road Traffic Authority, 2010–2019.

Pedestrian accidents, which have a high fatality rate, lead to social and economic losses;
therefore, in Korea, various pedestrian safety information services have been developed and
applied to reduce pedestrian accidents. Typical services are visual information-providing
services, which provide pedestrian notification messages to drivers and approaching
vehicle notification messages to pedestrians. In addition, visual services are supplemented
by providing vehicle approach information, such as using sound effects to alert pedestrians,
and providing services using smartphone notifications (vibration and sound) to drivers.
Research has been conducted using various sensor technologies, in order to provide service
information, along with data collection and processing.

The purpose of providing such pedestrian safety services is two-fold. One is to avoid
accidents by alerting both pedestrians and vehicle drivers to collision risks in advance,
through providing them with vehicle approach information, and the other is to prevent any
fatal accidents, by reducing the speed of vehicles in the event of an unavoidable accident
situation, even if the information has been provided to the vehicle driver. In particular,
the speed of a vehicle is one of the key contributing factors in pedestrian traffic accidents.
Nilsson [2] has shown that a 5% decrease in vehicle speed reduces injury accidents by 10%
and death accidents by 20%. Sin et al. [3] and Jang et al. [4], in studies analyzing problems
in child protection zones, proposed to prescribe vehicle speed limits below 30 km/h while
defining it as a risk factor. Additionally, Maycock and Brocklebank [5], who analyzed the
association between vehicle speed and traffic accidents, concluded that, when the vehicle
speed increases by 1%, the number of accidents increases by 13.1%. Quimby et al. [6],
in a study considering specific vehicles, emphasized the association between speed and
accidents, presenting that a speed increase by 1% leads to an accident rate increase of 7.8%.
Durkin et al. [7] found that the survival rate in traffic accidents with the vehicle’s speed
at 30 km/h is 95% but 10% at 64 km/h. Brian [8], in a study on the severity of pedestrian
accidents caused by vehicles, presented that serious injuries occur 10% at 17.1 mph, 25% at
24.9 mph, 50% at 33.0 mph, 75% at 40.8 mph, and 90% at 48.1 mph and that the average
mortality risk is 10% at 24.1 mph and 90% at 54.6 mph. As such, a number of studies have
shown that the speed of vehicles in the event of a traffic accident is closely related to the
severity of the accident.

However, in Korea, although nationwide pedestrian safety services and systems to
provide them are currently being established, studies verifying their effectiveness at the
actual sites are insufficient. Therefore, the purpose of this study is to quantitatively present
the effect of providing sensor fusion-based pedestrian safety services developed to ensure
the traffic safety of vehicle drivers, as well as pedestrians.
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2. Literature Review
2.1. Analysis of Pedestrian Traffic Accidents

According to a statistical report by the Korea Road Traffic Authority [1], which pro-
vides statistical information on traffic accidents in Korea, the number of pedestrian acci-
dents was 46,150 in 2019, 39.2% of which were crossing accidents (18,101). And the number
of pedestrian casualties was 48,677, 39.5% of which were crossing accidents (19,229). In
detail, 652 out of 1271 deaths were from crossing accidents, which accounted for 51.3%
of total pedestrian accident deaths, and 18,577 (39.2%) out of 47,406 injuries occurred
while crossing.

Looking at the trend of changes in pedestrian accidents over the past decade, as shown
in Table 2, 39.2% to 55.3% of all pedestrian accidents occurred while crossing, accounting
for the highest percentage of the types of pedestrian accidents, except for other pedestrian
accidents of unidentified type. In a similar pattern, casualties while crossing showed the
highest proportion (39.1% to 55.5%) among the total pedestrian casualties, at this time the
percentage of deaths caused by road crossing was 47.8% to 65.3%.

Comparing the statistics of an annual number of accidents and the number of deaths
for each type of accident, we can see that the rate of deaths while crossing was relatively
higher than the rate of accidents while crossing in all years, which means that traffic
accidents while crossing had a higher mortality rate than other types of accidents.

2.2. Review of Precedent Studies

Prior to reviewing the precedent studies, the definition of pedestrian safety services in
Korea has been presented, in [9], as a service that protects pedestrians from accidents due
to vehicles, lowers the pedestrian accident rate, and reduces the social and economic losses
resulting from traffic accidents. The services are classified in Table 3 below.

The Pedestrian Safety Support Service (PSSS) [10] of the Korea Telecommunications
Technology Association, having a similar meaning, is a term defined in more detail. It
includes services involving pedestrian accident prevention and emergency aid. It uses
roadside devices to detect any pedestrian present at an intersection, provides information
to approaching vehicles, and automatically sends a notification to an emergency center
in case of a disease outbreak or the occurrence of any emergency. In other words, the
walking safety service can be defined as services that provide information to pedestrians
and vehicle drivers, to ensure pedestrian traffic safety on the road, which includes systems
for collecting and processing information using various sensor devices and technologies,
such as detectors, thermal image cameras, video information, and radars. In this study, we
review the studies using such systems and precedent studies on the facilities for enhancing
pedestrian safety.
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Table 2. Pedestrian traffic accident trends [1].

Division
Number of Accidents and Number of Casualties % of Accidents and Number of Casualties

While
Crossing

Walking
on Street

Walking on
Roadside

Walking on
Sidewalk Others Sum While

Crossing
Walking
on Street

Walking on
Roadside

Walking on
Sidewalk Others Sum

2010
No. of

accidents 21,788 5591 4237 2913 14,824 49,353 44.15 11.33 8.59 5.90 30.04 100.00

Casualties 23,145
(1063)

5853
(263)

4510
(145)

3152
(83)

15,746
(456)

52,406
(2010)

44.16
(52.89)

11.17
(13.08)

8.61
(7.21)

6.01
(4.13)

30.05
(22.69)

100.00
(100.00)

2011
No. of

accidents 20,205 4585 4093 2579 18,239 49,701 40.65 9.23 8.24 5.19 36.70 100.00

Casualties 21,530
(1028)

4829
(212)

4318
(121)

2816
(66)

19,412
(571)

52,905
(1998)

40.70
(51.45)

9.13
(10.61)

8.16
(6.06)

5.32
(3.30)

36.69
(28.58)

100.00
(100.00)

2012
No. of

accidents 19,537 3904 3577 2399 20,694 50,111 38.99 7.79 7.14 4.79 41.30 100.00

Casualties 20,876
(1003)

4138
(174)

3793
(94)

2622
(83)

22,010
(623)

53,439
(1977)

39.07
(50.73)

7.74
(8.80)

7.10
(4.75)

4.91
(4.20)

41.19
(31.51)

100.00
(100.00)

2013
No. of

accidents 18,165 3335 3119 2216 22,295 49,130 36.97 6.79 6.35 4.51 45.38 100.00

Casualties 19,374
(922)

3501
(162)

3280
(89)

2385
(58)

23,623
(697)

52,163
(1928)

37.14
(47.82)

6.71
(8.40)

6.29
(4.62)

4.57
(3.01)

45.29
(36.15)

100.00
(100.00)

2014
No. of

accidents 17,544 3059 2872 2188 24,652 50,315 34.87 6.08 5.71 4.35 49.00 100.00

Casualties 18,721
(883)

3207
(146)

3030
(80)

2410
(45)

26,065
(689)

53,433
(1843)

35.04
(47.91)

6.00
(7.92)

5.67
(4.34)

4.51
(2.44)

48.78
(37.38)

100.00
(100.00)

2015
No. of

accidents 21,913 4377 4567 2668 17,455 50,980 42.98 8.59 8.96 5.23 34.24 100.00

Casualties 23,347
(954)

4606
(183)

4762
(134)

2876
(47)

18,443
(446)

54,034
(1764)

43.21
(54.08)

8.52
(10.37)

8.81
(7.60)

5.32
(2.66)

34.13
(25.28)

100.00
(100.00)

2016
No. of

accidents 26,823 3622 3544 1627 12,873 48,489 55.32 7.47 7.31 3.36 26.55 100.00

Casualties 28,516
(1085)

3799
(146)

3692
(65)

1757
(31)

13,643
(335)

51,407
(1662)

55.47
(65.28)

7.39
(8.78)

7.18
(3.91)

3.42
(1.87)

26.54
(20.16)

100.00
(100.00)
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Table 2. Cont.

Division
Number of Accidents and Number of Casualties % of Accidents and Number of Casualties

While
Crossing

Walking
on Street

Walking on
Roadside

Walking on
Sidewalk Others Sum While

Crossing
Walking
on Street

Walking on
Roadside

Walking on
Sidewalk Others Sum

2017
No. of

accidents 25,381 3747 3017 1621 12,962 46,728 54.32 8.02 6.46 3.47 27.74 100.00

Casualties 26,975
(974)

3907
(193)

3143
(68)

1756
(36)

13,663
(346)

49,444
(1617)

54.56
(60.24)

7.90
(11.94)

6.36
(4.21)

3.55
(2.23)

27.63
(21.4)

100.00
(100.00)

2018
No. of

accidents 18,390 4742 3196 2194 16,726 45,248 40.64 10.48 7.06 4.85 36.97 100.00

Casualties 19,589
(794)

4944
(205)

3339
(69)

2371
(41)

17,656
(334)

47,899
(1443)

40.9
(55.02)

10.32
(14.21)

6.97
(4.78)

4.95
(2.84)

36.86
(23.15)

100.00
(100.00)

2019
No. of

accidents 18,101 4765 2705 2335 18,244 46,150 39.22 10.33 5.86 5.06 39.53 100.00

Casualties 19,229
(652)

4944
(180)

2817
(41)

2504
(37)

19,183
(361)

48,677
(1271)

39.5
(51.30)

10.16
(14.16)

5.79
(3.23)

5.14
(2.91)

39.41
(28.40)

100.00
(100.00)

Average
annual rate
of change

No. of
accidents −2.04 −1.76 −4.86 −2.43 2.33 −0.74

-
Casualties −2.04

(−5.29)
−1.86

(−4.13)
−5.09

(−13.09)
−2.52

(−8.59)
2.22

(−2.56)
−0.82

(−4.97)

Note: The number in ( ) shows the number of deaths and percentage of deaths by accident type. Source: Traffic accidents statistical analysis, Road Traffic Authority, 2010–2019.
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Table 3. Classification and details of pedestrian safety services [9].

Classification Details

Smart crosswalk Protect pedestrians through pedestrian detection system and
vehicle detection system at crosswalks

School zone safety services Provide students with safety through vehicle speed control
and crosswalk safety services in school zones

Smart road surface information
sign service

Display traffic sign information on the road surface near the
crosswalk, providing it to pedestrians who intend to cross the
crosswalk with their head down while using a smartphone

Source: Smart City National Model City Service Roadmap 1.0 (in Korean), Ministry of Land, Infrastructure,
and Transport.

Jeon et al. [11] analyzed the effectiveness of the pedestrian auto-detecting crosswalk
system in Jeonju-si. As for effectiveness metrics, they used the pedestrian waiting time,
signal violations of pedestrians and vehicles, and jaywalking. They performed an analysis
considering three aspects: before system installation, after system installation, and after liv-
ing lab application. According to the analysis, the indicators for pedestrians improved after
applying the living labs at points outside and inside the city, while those for the vehicles
improved after installing the system and applying the living lab; however, the difference in
effect between after system installation and after living lab application was insignificant.

Kim et al. [12] analyzed the impact of the installation of variable speed limit signs
and beacons on the vehicle travel speed in pedestrian protection zones (including child
protection zones) for schools in Seoul-si and Gyeonggi-do Province. According to the
analysis, the vehicle travel speed decreased by 8.3 km/h (from 51.7 km/h before installation
of the signs to 43.3 km/h after installation), but the speed increased by 0.8 km/h (from
41.5 km/h before installation of the beacons to 42.3 km/h after installation).

Yoon et al. [13], using a comparison group method, conducted an effectiveness analysis
of the road and traffic safety facilities installed to prevent traffic accidents in 4171 locations,
where improvement projects against frequent traffic accidents had been completed from
2004 to 2013. According to the analysis, accidents were reduced by 4.45% with traffic
islands, by 32.17% with raised pavement markers, and by 24.13% with speed cameras
in all traffic accidents; however, the accidents partially increased with the installation of
anti-jaywalk facilities and anti-slip pavement.

Godavarthy et al. [14] analyzed the effectiveness of pedestrian hybrid beacon (PHB)
use in mid-block crosswalks in Lawrence, Kansas, from the vehicle driver’s point of
view, and presented that unnecessary delays caused by the signals were reduced by more
than 90%.

Using Bluetooth and solar modules, Jin et al. [15] conducted an effect assessment of
the installation of a crossing safety support system that provides LED crosswalk lights, text
indicators, and voice guidance information to pedestrians and drivers. As for indicators,
they used the travel speed of target vehicles and changes in pedestrian behavior and
showed that the travel speed of vehicles decreased by 0.79 km/h (1.39%) in the daytime
and by 2.78 km/h (4.54%) at night. Furthermore, in the analysis of pedestrian crossing
behaviors, they presented that the frequency of looking right and left increased from 27.94%
in the daytime and 36.04% at night before system installation to 62.90% in the daytime and
58.73% at night after installation.

Kim et al. [16] presented the results of a survey about differentiating the speed limit,
according to the physical environment of the road. If the speed limit (set in three stages) is
lowered overall, about 70% to 80% of respondents forecasted it would have the effect of
reducing both the number of accidents and severity of accidents.

Lee [17] conducted a study on improving crosswalk lighting, using a survey to ensure
the safety of crosswalk walking. According to the survey, 82.0% of drivers preferred
illuminated sidewalks as well as crosswalks, and 82.8% considered that illuminating
crosswalks can help to prevent traffic accidents, through pedestrian detection.
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Kim et al. [18] analyzed the effect of accident reduction and transition by accident
type, through the use of accident status data at intersections with diagonal crosswalks
installed in South Korea. According to the analysis, the installation of diagonal crosswalks
had an accident reduction effect related to all types of accidents, and the number of person-
to-vehicle accidents was reduced by 52.9%.

Park et al. [19] performed an itemized effect analysis of traffic safety facilities through
a case study using driving simulations. The analysis items included anti-slip pavement
and installation of safety signs (reduction of travel speed), installation of front signal
lights (enhancing of driver’s cognitive response), to improve the driving environment,
and the installation of crosswalk illumination (enhancing night-time visibility), to improve
the pedestrian environment. According to the analysis, the average travel speed in the
section decreased by 11 km/h due to speed reduction facilities, and the deceleration point
increased by 8 m due to the driver’s cognitive response facilities and by 13 m, due to
night-time visibility-enhancing facilities.

Park [20] analyzed the effect of the installation of a crosswalk lighting facility us-
ing traffic accident data for one year before and after installation in Nam-gu, Gwangju
Metropolitan City. Intensive lighting facilities were divided into three types: floodlights
installed alone, floodlights and pedestrian warning signs installed together, and floodlights
and pedestrian warning LED signs installed together. According to the analysis, total
person-to-vehicle traffic accidents decreased by 10.11% at day and decreased by 37.74%
at night.

FHWA [21] analyzed the effectiveness of pedestrian hybrid beacons at 21 intersections
and presented that all collisions were reduced by 29% and pedestrian collisions were
reduced by 69%.

According to the NHTSA [22], the unmanned speed control in child protection zones
was analyzed to slow down the vehicle speed by about 6.4–8.0 km/h. When applied after
being linked to beacons, the vehicle speed decreased by about 12.9–14.5 km/h.

Gates [23] showed that the installation of beacons to improve traffic safety in child
protection zones was effective in keeping vehicles to the speed limits, with the proportion
of vehicles decreasing the limit by 20 mph falling by 16.7% and that exceeding by 30 mph
decreasing by 75%.

3. Plan to Configure a Pedestrian Safety System and Provide Services
3.1. Configuration of the Pedestrian Safety System

The pedestrian safety system applied in this study utilizes a radar detection sensor, a
vehicle information collection device, and a thermal image recognition sensor (a pedestrian
information collection device) for data collection. The data collected from each sensor are
processed on the mainboard, to provide information to pedestrians and drivers. Specifically,
the individual devices (sensors) are used as shown in Table 4.

1© Pedestrian detection sensors are installed on both sides of the crosswalk to deter-
mine the presence of pedestrians.

2©A vehicle approaching the crosswalk is detected through the vehicle detection sensor.
3© The information collected from each detection sensor is transmitted to the main-

board, and the main board determines whether the vehicle’s approach speed is 10 km/h or
more when a pedestrian is detected, then provides notification information to both drivers
and pedestrians.

Figure 1 shows a conceptual diagram of system application using the devices (or sen-
sors) in Table 4, and Figure 2 shows a system configuration diagram detailing information
collection, processing, and provision.
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Table 4. System devices (or sensors).

No. Device & Sensor Specifications Image

1© Pedestrian detection
(Thermal imaging camera)

- Resolution: 160 × 120
- Frame rate: 9 frames
- Detector distance: 0–12 m
- Input power: 12–42 V AC/DC
- Power consumption: 3 W
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3.2. Plan to Provide the Services

The services provided through the collected information were designed as shown
in Table 5. First, a service plan was prepared to provide triple warning information to
pedestrians and drivers, using visual, auditory, and tactile senses, respectively. As an
information provision strategy, when a pedestrian is detected in a crosswalk, a small
variable message sign (VMS), a visual road light sign, and an LED floor warning light
on the road surface are used to provide pedestrian risk information to driving vehicles.
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Information provision using a small VMS serves to provide intuitive information to drivers,
to prevent confusion in information delivery that may occur when only LED floor warning
lights on the road are provided.

Table 5. Pedestrian traffic safety system.

Division System

Information collecting
• Pedestrian detector: Thermal image sensor-based image recognition sensor
• (Driving) vehicle detector: Radar sensor

Information processing • Controller (information processing, peripheral device controlling,
communication, and so on)

Information providing

Pedestrians

• When a vehicle approaches at over 10 km/h,

[Vision]: Display alert images (logojector) on crosswalk floor
[Hearing]: Speaker notification information
[Touch sensation]: Output a vibration and alerting messages by smartphone App.

Vehicles
(Drivers)

• When a pedestrian is detected in the crosswalk

[Floor alerting light]: Buried LED floor warning lamp switched on both sides of the
crosswalk
[Road electrical sign]: Small Variable Message Sign (VMS) providing notifications
and alerts

As information is provided to pedestrians, when a vehicle with a speed of 10 km/h or
more approaches, a message using an LED screen is provided, and a warning notification
service using a speaker is provide as audible information. In addition, a system was built
to provide smartphone notifications with tactile information to pedestrians using smart-
phones. Smartphone notification information takes into account the frequent ‘smomby’
(smartphone zombie) accidents that occur in Korea. Pedestrian-related accidents using
smartphones in Korea increased 1.6 times between 2013 and 2018 [24]. Therefore, there has
been a trend to reduce accidents through smartphone use ban signs and applications. The
system proposed in this study incorporates these functions.

4. Demonstration Analysis
4.1. Analysis of Demonstration Point Status

We selected demonstration points to analyze the effectiveness of providing pedestrian
safety services in this study. The crosswalk in front of Wollang Elementary School in
Nohyeong-dong, Jeju-si (hereinafter referred to as Wollang Elementary School), and the
crosswalk in front of Borim Pharmacy in Ildo 1-dong (hereinafter referred to as Borim
Pharmacy) were considered. Thus, the selection of demonstration points reflected the
characteristics of a point in a school zone (Wallang Elementary School) and a point on
a general road (Borim Pharmacy). Preliminary testing of the two demonstration points
resulted in demands such as noise problems due to nearby shopping malls and residents
and, in the case of information provision using smartphones, there were limitations in
the process of cooperating with residents, such as passive responses to App installation.
Therefore, after listening to the opinions of the local residents, we chose to provide visual
services only and conducted the service delivery effect analysis of this study by providing
only two types of visual warning display service information: floor lighting and small VMS.

4.1.1. Wollang Elementary School

North of Wollang Elementary School, there is a seven-lane local road—Line 1132
(Ilju-seoro)—and Namnyeong-ro, where the main gate of the elementary school is located,
has three lanes (South to North, 2 lanes; North to South, 1 lane). As a major traffic safety
facility, we found a child protection zone (school zone) with road surface signs, safety
signs, crosswalks, and safety fences installed in the direction of the main gate; while, the
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sidewalks opposite the main gate had no safety fences installed and, at that point, there
were no signals or signal lights installed. As for traffic characteristics, in addition to a
large number of elementary school pedestrians under the age of 13 years old to and from
school at the main gate location, there are many pedestrians from middle and high schools
located within a 500 m radius of the elementary school, as well as many general pedestrians
from commercial and residential facilities. Figure 3 is a diagram of the status of Wollang
Elementary School before/after system installation.
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Figure 3. Wolllang Elementary School, a demonstration point: (a) Before the system was installed;
and (b) After the system was installed.

4.1.2. Borim Pharmacy

We also considered Borim Pharmacy, located on Danil-ro, with a four-lane road
section of a downhill slope from the east to the west on the east-west axis of Jeju City. In
addition, we found that it was a point with pedestrians and vehicles separated and with
no pedestrian fence installed. Furthermore, no signal was installed (as was the case at
Wollang Elementary School), but it did feature a raised crossing, one of the traffic-calming
techniques installed to physically reduce the travel speed of vehicles. We found, in our
investigation, that due to the regional characteristics of residential areas located in the old
city center, there were a large number of transportation-vulnerable residents, especially
elderly pedestrians. Figure 4 is a diagram of the status of Borim Pharmacy before/after
system installation.
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the system was installed.

4.2. Determination of Analysis Scenario and Verification of Collected Data
4.2.1. Determination of Analysis Scenario

As mentioned earlier, the main purpose of the pedestrian safety service is to reduce
the travel speed of vehicles, in order to prevent serious pedestrian traffic accidents and to
reduce the risk of collision with pedestrians and vehicle drivers. Therefore, we analyzed
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the effectiveness of the service by comparing the travel speed of vehicles before and after
the service provision, at the speed survey points shown in Figure 5, at the point adjacent
to the crosswalk (2 m apart from the crosswalk; point 1), and at the point separated by
19 m (point 2) from the crosswalk, where the driver was expected to be fully informed. We
measured the speed of the same vehicle. For the speed survey, equipment from the KICT
(Korea Institute of Civil engineering and building Technology) was used; that is, a portable
roadway detector evaluation system. The vehicle speed was investigated, as shown in
Figure 6, with a measuring device using the radar wave Doppler effect.
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Figure 6. Vehicle speed survey equipment: (a) Wolllang Elementary School; and (b) Borim Pharmacy.

There were some limitations, such as the need to consult with local governments to
conduct vehicle speed surveys in the same time band as installing survey equipment, but
we decided the time band and characterized it into day and night, as shown in Table 6.
The system installed at the two points provides information based on visual services.
Accordingly, visibility can be secured when information is provided to the driver during
nighttime. However, in the case of the daytime, the effect may be relatively reduced,
compared to the night-time period; as such, the investigation was conducted separately
between daytime and night-time. We conducted the final surveys on 22 October 2019,
before providing the services, and on 14 November 2019, after providing the services.

Measuring the speed separately at two points, divided into day and night, has two
implications. First, a vehicle speed survey at two survey points enabled us to confirm the
decrease in speed before and after the service was provided; secondly, we could compare
the difference in service delivery effect between daytime and night-time.

We performed the demonstration analysis using indicators of the vehicle speeds at the
points and, so, we did not collect information on the presence of pedestrians at the service
delivery points. Here, we encountered limitations, in that it was difficult to determine
whether the change in vehicle speed at point 2 or point 1 was due to the pedestrian safety
services provided, depending on the presence of pedestrians, or due to the driver’s driving
habits after recognizing a crosswalk, even though there are no pedestrians. In addition,
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there may be vehicles that do not slow down in speed, even if a pedestrian is walking,
based on the driver’s judgment that there will be no conflict with the pedestrian in the
direction of the vehicle relative to the centerline.

Table 6. Survey date and time span and day/night distinguished.

Division Location Day or Night Date and Time Band

Before service provided
Wollang Elementary School Day 22 October 2019, 13:50–14:50

Night 22 October 2019, 20:50–22:04

Borim Pharmacy Day 22 October 2019, 16:06–17:14
Night 22 October 2019, 18:04–18:56

After services provided
Wollang Elementary School Day 14 November 2019, 14:11–15:25

Night 14 November 2019, 19:46–20:40

Borim Pharmacy Day 15 November 2019, 10:00–11:00
Night 14 November 2019, 18:06–19:03

Therefore, in this study, a scenario analysis was performed as shown in Table 7. First,
scenario 1 was analyzed for all vehicles collected in the vehicle speed survey. In the case of
scenario 2, among the vehicles approaching from point 2 to point 1, vehicles with reduced
speed were analyzed.

Table 7. Analysis scenario.

Division Details

Scenario 1 Targeting the entire investigation data, from which the error data has
been removed

Scenario 2 Targeting the vehicles that reduced their speed while approaching from point 2
to point 1, when considering the data in scenario 1

4.2.2. Data Verification

The collected data included the time when and the speed at which each vehicle passed
each point. From the data collected at Wollang Elementary School, the number of vehicles
was 337 in the daytime and 213 at night-time before providing pedestrian safety services,
and 296 in the daytime and 202 at night-time after providing the service. In the case of
Borim Pharmacy, it was 213 in the daytime and 150 at night-time before the service was
provided, and 143 in the daytime and 202 at night-time after the service was provided.
After reviewing the data, we performed an analysis excluding the data with abnormal
speed values at survey point 1 and some data at survey point 2, whose collection time was
later than survey point 1, and the final collected data (including duplicate errors) are as
shown in Table 8.

Prior to analyzing the change in vehicle speed due to the provision of pedestrian safety
services by point, we conducted a t-test for the difference in average speed (by time band
and by point) before and after service provision. From the results of the analysis in the
case of Wollang Elementary School, as shown in Table 9, we found it to be significant at the
level of 1% (0.01). In addition, in the case of Borim Pharmacy, we found the average point
speed at point 2 in the daytime was significant at the level of 1% (0.01), and significant at
the level of 5% (0.05) at point 1 at night-time, whereas it was not significant at point 1 in
the daytime and point 2 at night-time.
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Table 8. Speed data collected and their verification results.

Division Location Daytime or
Night-Time Data Collected Speed Error

Data

Data Collection
Time Error

(Point 2 > Point 1)
Final Data

Before service
provided

Wollang
Elementary School

Daytime 337 0 0 337
Night-time 213 0 2 211

Borim Pharmacy Daytime 213 0 1 212
Night-time 150 0 0 150

After service
provided

Wollang
Elementary School

Daytime 296 0 1 295
Night-time 202 1 5 197

Borim Pharmacy Daytime 143 0 4 139
Night-time 202 1 11 190

Table 9. T-test analysis of average point speed before and after service provided.

-

Wollang Elementary School Borim Pharmacy

Day Night Day Night

Survey
Point 1

Survey
Point 2

Survey
Point 1

Survey
Point 2

Survey
Point 1

Survey
Point 2

Survey
Point 1

Survey
Point 2

t-statistic 3.97 3.32 3.39 3.63 0.14 −2.98 2.46 1.42
p-value 8.3 × 10−5 9.7 × 10−4 7.5 × 10−4 3.2 × 10−4 8.9 × 10−1 3.2 × 10−3 1.4 × 10−2 1.6 × 10−1

4.3. Effect Analysis of Providing the Pedestrian Safety Services
4.3.1. Wollang Elementary School

When looking into the analysis of the basic statistics of Wollang Elementary School
by time band/survey point, as shown in Table 10, the daytime average point speed before
service provision was 24.01 km/h at point 1 and 25.29 km/h at point 2, while that at
night-time before service provision was 24.94 km/h at point 1 and 26.09 km/h at point 2.
At both points, the average point speed was higher at night-time than in the daytime.
After the service provision, it was 21.67 km/h at point 1 and 23.47 km/h at point 2 in the
daytime, and 22.69 km/h at point 1 and 23.61 km/h at point 2 at night-time. In the same
way, before the service provision, it was higher at night-time compared to the daytime.
Looking at the change in the average point speed due to service provision, the average
point speed decreased by 2.34 km/h at point 1 and 1.82 km/h at point 2, compared to
before service provision in the daytime. In the case of night-time, it decreased by 2.26 km
at point 1 and 2.49 km/h at point 2. Overall, the average point speed of vehicles after
the service provision was found to decrease by 7.18% to 9.76%, compared to before the
service provision.

In scenario 2, the average daytime speed of the vehicle was 23.07 km/h at point 1
and 26.71 km/h at point 2 before the service provision, and the average night-time speed
of the vehicle was 24.40 km/h at point 1 and 27.46 km/h at point 2, thus being higher at
night-time, as in scenario 1. After the service provision, it was 19.31 km/h at point 1 and
25.05 km/h at point 2 in the daytime, and 21.88 km/h at point 1 and 26.00 km/h at point 2
at night-time. Analysis of the average speed change after the service provision showed a
decrease of 3.76 km/h at point 1 and 1.66 km/h at point 2 in the daytime, and a decrease
by 2.52 km/h at point 1 and 1.46 km/h at point 2 at night-time. Overall, they decreased by
5.30% to 10.31% from before the service provision.

Looking at the characteristics of the change in average point speed by scenario, both
scenarios showed a greater average point speed reduction at point 1 than at point 2 in
the daytime; however, at night-time, scenario 1 showed a greater average point speed
reduction at point 2, whereas scenario 2 showed a greater average point speed reduction at
point 1.
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Looking at the change in the speed of the vehicles approaching from point 2 to
point 1, as shown in Table 11 and Figure 7, the average point speed before the service
(548 vehicles) in scenario 1 decreased by 1.23 km/h (4.80%) from point 2 (25.60 km/h) to
point 1 (24.37 km/h) and, after the service (492 vehicles), decreased by 1.45 km/h (6.17%)
from point 2 (23.53 km/h) to point 1 (22.07 km/h). Looking at the change in average point
speed due to service availability at the same point, at point 1 decreased by 2.29 km/h
(9.42%) while, at point 2, it decreased by 2.07 km/h (8.10%).
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In scenario 2, before the service (335 vehicles), it decreased by 3.40 km/h (12.61%)
from point 2 (27.01 km/h) to point 1 (23.60 km/h), while after the service (288 vehicles) it
decreased by 5.11 (20.12%) from point 2 25.42 km/h to point 1 20.30 km/h. In addition,
analysis at the same point showed a decrease at point 1 by 3.30 km/h (13.99%) and point 2
by 1.59 km/h (5.90%). Analysis of the change in speed at different points in the direction
of the vehicle’s progress showed that, for both scenarios, a decrease in the speed of the
vehicle at all points was clearly observed.

Looking at the speed distribution of individual vehicles by survey point and by
scenario, as shown in Table 12 and Figure 8, before the service provision at point 1, for
scenario 1, it was 30.84% in the 20–25 km/h section and 29.93% in the 25–30 km/h section;
for scenario 2, it was 32.96% in the 20–25 km/h section and 25.63% in the 25–30 km/h
section. In the case of point 2, scenario 1 showed 27.92% in the 20–25 km/h section and
32.66% in the 25–30 km/h section; for scenario 2, we observed 25.63% in the 20–25 km/h
section and 34.93% in the 25–30 km/h section.

The speed distribution after the service provision at point 1 for scenario 1 showed
23.17% in the 15–20 km/h section and 23.98% in the 20–25 km/h section; while scenario 2
showed 22.57% in the 15–20 km/h section and 27.08% in the 20–25 km/h section. In the
case of point 2, scenario 1 showed 25.20% in the 20–25 km/h section and 27.44% in the
25–30 km/h section; while scenario 2 showed 34.03% in the 20–25 km/h section and 29.51%
in the 25–30 km/h section.
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Table 10. Basic statistical analysis by time band/survey point (Wollang Elementary School).

-

Scenario 1 Scenario 2

Ave. Speed Std.
Deviation

Min.
Speed

Max.
Speed

No. of
Samples Ave. Speed Std.

Deviation
Min.

Speed
Max.

Speed
No. of

Samples

Before
service (A)

Day Point 1 24.01 5.80 3.32 39.67
337

23.07 6.02 3.32 39.67
213Point 2 25.29 5.80 6.00 40.75 26.71 5.21 13.85 40.75

Night Point 1 24.94 6.89 5.65 46.26
211

24.40 7.10 5.65 43.03
142Point 2 26.09 6.88 4.71 43.21 27.46 6.13 12.75 43.21

After
service (B)

Day Point 1 21.67 8.58 3.29 60.23
295

19.31 7.95 3.29 37.23
177Point 2 23.47 7.68 3.54 49.92 25.05 5.94 12.39 49.92

Night Point 1 22.69 6.53 5.29 40.08
197

21.88 6.39 5.29 39.67
111Point 2 23.61 6.95 4.57 41.07 26.00 5.06 11.60 41.07

Difference
(B-A)

Day
Point 1 −2.34

(−9.76%)

-

−3.76
(−16.30%)

-

Point 2 −1.82
(−7.18%)

−1.66
(−6.22%)

Night
Point 1 −2.26

(−9.05%)
−2.52

(−10.31%)

Point 2 −2.49
(−9.53%)

−1.46
(−5.30%)

The figures inside ( ) mean the decrease rate of the vehicle average point speed, compared to before the service provision.

Table 11. Analysis of average point speed change (Wollang Elementary School).

-
Scenario 1 Scenario 2

Vehicles Point 1 (C) Point 2 (D) Diff.
(D-C) Vehicles Point 1 (C′) Point 2 (D′) Diff.

(D′-C′)

Before service (A) 548
(Day 337 + Night 221) 24.37 25.60 −1.23

(−4.80%)
355

(Day 213 + Night 142) 23.60 27.01 −3.40
(−12.61%)

After service (B) 492
(Day 295 + Night 197) 22.07 23.53 −1.45

(−6.17%)
288

(Day 177 + Night 111) 20.30 25.42 −5.11
(−20.12%)

Diff
(B-A) - −2.29

(−9.42%)
−2.07

(−8.10%) - - −3.30
(−13.99%)

−1.59
(−5.90%) -

The value in parentheses is the average speed reduction rate of vehicles compared to before service provision.
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Table 12. Distribution of vehicle average point speed change (Wollang Elementary School).

Speed

Scenario 1 Scenario 2

Before Service After Service Before Service After Service

Point 1 Point 2 Point 1 Point 2 Point 1 Point 2 Point 1 Point 2

Vehicle % Vehicle % Vehicle % Vehicle % Vehicle % Vehicle % Vehicle % Vehicle %

0~5 3 0.55 1 0.18 7 1.42 3 0.61 3 0.85 0 0.00 7 2.43 0 0.00
5~10 6 1.09 9 1.64 28 5.69 26 5.28 6 1.69 0 0.00 26 9.03 0 0.00
10~15 32 5.84 16 2.92 49 9.96 36 7.32 24 6.76 6 1.69 35 12.15 9 3.13
15~20 79 14.42 66 12.04 114 23.17 80 16.26 59 16.62 32 9.01 65 22.57 37 12.85
20~25 169 30.84 153 27.92 118 23.98 124 25.20 117 32.96 91 25.63 78 27.08 98 34.03
25~30 164 29.93 179 32.66 96 19.51 135 27.44 91 25.63 124 34.93 50 17.36 85 29.51
30~35 76 13.87 94 17.15 60 12.20 70 14.23 46 12.96 77 21.69 22 7.64 47 16.32
35~40 17 3.10 24 4.38 17 3.46 16 3.25 8 2.25 20 5.63 5 1.74 10 3.47
40~45 1 0.18 6 1.09 1 0.20 1 0.20 1 0.28 5 1.41 0 0.00 1 0.35
45~50 1 0.18 0 0.00 1 0.20 1 0.20 0 0.00 0 0.00 0 0.00 1 0.35
50~55 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
55~60 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
60~65 0 0.00 0 0.00 1 0.20 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Total 548 100 548 100 492 100 492 100 355 100 355 100 288 100 288 100
≤30 453 82.66 424 77.37 412 83.74 404 82.11 300 84.51 253 71.27 261 90.63 229 79.51
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Meanwhile, in the child protection zone before Wollang Elementary School, vehicles
are regulated to travel below the speed limit of 30 km/h. Looking at the ratio of the vehicles
keeping the speed limit before and after the service provision, in the case of point 1 for
scenario 1, it increased from 82.66% before to 83.74% after service provision; for scenario 2,
it increased from 84.51% before to 90.63% after service provision. In addition, in the case of
point 2 for scenario 1, the proportion of vehicles complying with the prescribed speed limit
increased from 77.37% before to 82.11% after service provision and 71.27% before to 79.51%
after service provision.

4.3.2. Borim Pharmacy

According to a basic statistical analysis by survey time band/point of Borim Pharmacy,
as shown in Table 13, the average vehicle speed in the daytime before service provision in
scenario 1 was 29.56 km/h at point 1 and 34.09 km/h at point 2, while that at night-time
was 29.53 km/h at point 1 and 35.12 km/h at point 2. The average point speed at point 2 at
night-time was higher, while that at point 1 was higher in the daytime. After the service
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provision, the average speed at both points was lower at night, compared to daytime, with
29.47 km/h at point 1 and 36.19 km/h at point 2 in the daytime, and 27.74 km/h at point 1
and 34.16 km/h at point 2 at night-time. Looking at the change in the average point speed
due to service provision, the average point speed of the vehicle decreased by 0.31 km/h at
point 1 and increased by 2.10 km/h at point 2 in the daytime. In the case of night-time, it
decreased by 1.79 km/h at point 1 and decreased by 0.96 km at point 2, indicating that it
increased or decreased by −6.06% to 6.17%, compared to before service provision.

Table 13. Basic statistical analysis by time band/survey point (Borim Pharmacy).

-

Scenario 1 Scenario 2

Ave.
Speed

Std. De-
viation

Min.
Speed

Max.
Speed

No. of
Samples

Ave.
Speed

Std. De-
viation

Min.
Speed

Max.
Speed

No. of
Samples

Before
service

(A)

Day Point 1 29.56 6.01 14.47 43.33
212

29.56 5.98 14.47 43.33
194Point 2 34.09 6.11 9.15 48.31 34.79 5.40 20.34 48.31

Night Point 1 29.53 6.38 9.08 52.59
150

29.41 6.36 9.08 52.59
143Point 2 35.12 6.19 10.90 58.23 35.38 6.03 10.90 58.23

After
service

(B)

Day Point 1 29.47 5.97 11.44 42.97
139

29.67 5.85 11.44 42.97
135Point 2 36.19 6.71 11.36 51.30 36.70 5.97 25.88 51.30

Night Point 1 27.74 7.01 3.51 44.87
190

27.59 7.06 3.51 44.87
183Point 2 34.16 6.24 17.02 50.56 34.31 6.26 17.02 50.56

Difference
(B-A)

Day Point 1 −0.09
(−0.31%)

-

0.11
(0.39%)

-

Point 2 2.10
(6.17%)

1.91
(5.50%)

Night Point 1 −1.79
(−6.06%)

−1.82
(−6.19%)

Point 2 −0.96
(−2.74%)

−1.06
(−3.01%)

The figures in ( ) mean the decrease rate of the vehicle average point speed, compared to before the service provision.

In scenario 2, it was 29.56 km/h at point 1 and 34.79 km/h at point 2 in the daytime
prior to service provision, and it was 29.41 km/h at point 1 and 35.38 km/h at point 2
at night-time. The average point speed change showed similar patterns to scenario 1.
After the service provision, it was 29.67 km/h at point 1 and 36.70 km/h at point 2 in the
daytime while, at night, it was 27.59 km/h at point 1 and 34.31 km/h at point 2. Analyzing
the average point speed change resulting from service provision showed an increase by
0.11 km/h at point 1 and 1.91 km/h at point 2 in the daytime, and a decrease by 1.82 km/h
at point 1 and 1.06 km/h at point 2 at night-time. Overall, it showed a−6.19–5.50% increase
or decrease, compared to before service provision.

Looking at the characteristics of the change in average point speed by scenario, in the
daytime, scenario 1 showed decreased point speed at point 1, while scenario 2 showed
increased point speed at point 1, and both scenarios showed an increase in the average
point speed of the vehicle at point 2. At night, two scenario analyses showed that the
average point speed reduction of the vehicle at point 1 was greater than at point 2.

Looking at the change in the speed of vehicles when approaching from point 2 to
point 1 at Borim Pharmacy, as shown in Table 14 and Figure 9, the average point speed
before service provision (362 vehicles) in scenario 1 decreased from 34.51 km/h at point
2 to 29.55 km/h at point 1 (14.39%), and the average point speed after service provision
(329 vehicles) decreased from 35.02 km/h at point 2 to 28.47 km/h at point 1. Looking
at the change in the average point speed due to the service provider for the same point,
at point 1, it decreased by 1.08 km/h (3.65%) while, at point 2, it increased by 0.50 km/h
(1.46%).

In scenario 2, the average point speed before service provision (337 vehicles) decreased
by 5.54 km/h (15.82%), from 35.04 km/h at point 2 to 29.50 km/h at point 1; while, after
service provision (318 vehicles), it decreased by 6.85 km/h (19.40%), from 35.33 km/h at
point 2 to 28.47 km/h at point 1. Analysis for the same point showed that, at point 1, it
decreased by 1.02 km/h (3.46%); while, at point 2, it increased by 0.29 km/h (0.82%).
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Table 14. Analysis of average point speed change (Borim Pharmacy).

-

Scenario 1 Scenario 2

Vehicles Point 1 (C) Point 2 (D) Diff. (D-C) Vehicles Point 1 (C′) Point 2
(D′)

Diff.
(D′-C′)

Before
service (A)

362
(Day 212 +
Night 150)

29.55 34.51 −4.97
(−14.39%)

337
(Day 194 +
Night 143)

29.50 35.04 −5.54
(−15.82%)

After
service (B)

329
(Day 139 +
Night 190)

28.47 35.02 −6.55
(−18.69%)

318
(Day 135 +
Night 183)

28.47 35.33 −6.85
(−19.40%)

Diff.
(B-A) - −1.08

(−3.65%) 0.50 (1.46%) - - −1.02
(−3.46%) 0.29 (0.82%) -

The value in parentheses is the average speed reduction rate of vehicles, compared to before service provision.
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Figure 9. Average point speed change (Borim Pharmacy).

Looking at the speed distribution of individual vehicles by survey point and scenario,
as shown in Table 15 and Figure 10, before service point 1 showed 35.64% in the 25–30 km/h
section and 27.35% in the 30–35 km/h section for scenario 1; for scenario 2, it was 36.50% in
the 25–30 km/h section and 27.89% in the 30–35 km/h section. For both scenarios, it was
highest in the 25–30 km/h section. At point 2, for Scenario 1, 33.98% in the 30–35 km/h
section and 31.77% in the 35–40 km/h section were observed; in Scenario 2, it was 35.01%
in the 30–35 km/h section and 32.94% in the 35–40 km/h section.

The point 1 after-service speed distribution was 29.79% in the 25–30 km/h section and
29.18% in the 30 km/h section for scenario 1; while it was 29.87% in the 25–30 km/h section
and 29.25% in the 30 km/h section for scenario 2. In case of point 2, scenario 1 showed
30.09% in the 30–35 km/h section and 27.66% in the 35–40 km/h section; while scenario 2
showed 30.82% in the 30–35 km/h section and 27.99% in the 35–40 km/h section.

Meanwhile, as Borim Pharmacy plans to limit the speed to 50 km/h, according to the
domestic “Safety Speed 5030” [25] policy, we analyzed the ratio of vehicles that complied
with the speed limit before and after service at 50 km/h. As a result of the analysis, in
scenario 1 at point 1, it increased from 99.45% before to 100.00% after service provision;
in scenario 2, it increased from 99.41% before to 100.00% after service provision. On the
other hand, in the case of point 2, in scenario 1, it decreased from 98.90% before to 98.18%
after service provision; while in scenario 2, it decreased from 98.81% before to 98.11% after
service provision.
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Table 15. Average speed change distribution (Borim Pharmacy).

Speed

Scenario 1 Scenario 2

Before Service After Service Before Service After Service

Point 1 Point 2 Point 1 Point 2 Point 1 Point 2 Point 1 Point 2

Vehicle % Vehicle % Vehicle % Vehicle % Vehicle % Vehicle % Vehicle % Vehicle %

0~5 0 0.00 0 0.00 1 0.30 0 0.00 0 0.00 0 0.00 1 0.31 0 0.00
5~10 1 0.28 1 0.28 4 1.22 0 0.00 1 0.30 0 0.00 4 1.26 0 0.00
10~15 2 0.55 1 0.28 7 2.13 1 0.30 2 0.59 1 0.30 7 2.20 0 0.00
15~20 18 4.97 6 1.66 18 5.47 8 2.43 16 4.75 0 0.00 17 5.35 6 1.89
20~25 51 14.09 11 3.04 58 17.63 6 1.82 47 13.95 9 2.67 56 17.61 6 1.89
25~30 129 35.64 51 14.09 98 29.79 49 14.89 123 36.50 44 13.06 95 29.87 44 13.84
30~35 99 27.35 123 33.98 96 29.18 99 30.09 94 27.89 118 35.01 93 29.25 98 30.82
35~40 47 12.98 115 31.77 37 11.25 91 27.66 39 11.57 111 32.94 35 11.01 89 27.99
40~45 12 3.31 38 10.50 10 3.04 57 17.33 12 3.56 38 11.28 10 3.14 57 17.92
45~50 1 0.28 12 3.31 0 0.00 12 3.65 1 0.30 12 3.56 0 0.00 12 3.77
50~55 2 0.55 2 0.55 0 0.00 6 1.82 2 0.59 2 0.59 0 0.00 6 1.89
55~60 0 0.00 2 0.55 0 0.00 0 0.00 0 0.00 2 0.59 0 0.00 0 0.00
60~65 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
Total 362 100 362 100 329 100 329 100 337 100 337 100 318 100 318 100
≤50 360 99.45 358 98.90 329 100 323 98.18 335 99.41 333 98.81 318 100 312 98.11
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4.4. Preliminary Conclusions

In the analysis of the approaching speed change of vehicles at crosswalks for Wollang
Elementary School, for scenario 1 it decreased by 6.17% after service provision, while it
decreased by 4.80% before service provision; for scenario 2, it decreased by 20.12% after
service provision, while it decreased by 12.61% before service provision. The service
increased the reduction in the vehicle approaching speed at crosswalks. In addition, we
found that the proportion of vehicles complying with the vehicle speed limit of 30 km/h
in the child protection zone increased by 1.08% to 8.24%, depending on the survey point
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and the scenario. For Borim Pharmacy, for scenario 1, the approaching speed at crosswalks
decreased by 18.69% after service provision, while it decreased by 14.39% before service
provision; for scenario 2, it decreased by 15.82% before service provision, while it decreased
by 19.40% after service provision. In a similar manner as Wollang Elementary School, the
service provision increased the reduction in the vehicle approaching speed at crosswalks.
The proportion of vehicles complying with the vehicle speed limit of 50 km/h for both
scenarios increased by 0.55% to 0.59% at point 1, and decreased by 0.70 to 0.72% at point 2.

On the other hand, a collision of a vehicle with a pedestrian using a human model
at different speeds test, conducted in Korea [26], has shown that the possibility of serious
injury is 72.7% at a vehicle speed of 50 km/h, which is reduced to 15.4% at 30 km/h.
Based on these results, it is necessary to look at the change in the proportion of vehicles
traveling below 30 km/h, when considering the service provision effect in this study. First,
at Wollang Elementary School, it increased by about 1.08% at point 1 and about 4.74% at
point 2 for Scenario 1, due to the service provision, and about 6.12% at point 1 and about
8.24% at point 2 for Scenario 2. In addition, at Borim Pharmacy, it increased by about 1.01%
at point 1 and about 0.09% at point 2 for Scenario 1, and about 0.51% at point 1, and about
1.59% at point 2 for Scenario 2. Therefore, as mentioned in the introduction, we derived
results corresponding to our secondary purpose of providing pedestrian safety services.
However, considering the extent of effect by demonstration point, Wollang Elementary
School, with the characteristics of a child protection zone, showed a greater effect than
Borim Pharmacy, with a general road characteristic.

5. Conclusions

In this study, we aimed to quantitatively analyze the effectiveness of providing pedes-
trian safety services developed to improve pedestrian traffic safety. We performed a
demonstration analysis by installing pedestrian safety service systems consisting of the
same set-up at two different sites (Wollang Elementary School and Borim Pharmacy). As
the effectiveness indicators of the analysis, we selected the speed of vehicles, which is
closely related to the fatality rate of pedestrian accidents, and compared and analyzed the
changes in the point speed of the vehicles near the crosswalk (point 1) and at the point
where sufficient information recognition is deemed possible (point 2).

According to the analysis, the average point speed of the vehicles approaching Wollang
Elementary School—a demonstration site in a child protection zone—reduced for both
scenarios in the daytime and at night-time, at the survey points, compared to before service
provision. At Borim Pharmacy, it was found that the average vehicle speed increased in the
daytime point 2 of scenario 1 and the daytime points 1 and 2 of scenario 2, but we found
that, during the night-time, it decreased at each point in all scenarios.

In terms of changes in the speed of vehicles approaching from point 2 to point 1, at
both Wollang Elementary School and Borim Pharmacy we saw a greater rate of decrease in
the point speed of vehicles, compared to before service provision. Furthermore, analysis
of the speed distribution change at each demonstration point showed an increase in the
percentage of vehicles complying with the speed limit (30 km/h or less) for all survey
points at Wollang Elementary School, compared to before service provision; however, a
partial decrease in the percentage of vehicles complying with the speed limit (50 km/h or
less) was observed for point 2 at Borim Pharmacy.

Considering the above analysis results, we believe that the provision of pedestrian
safety services is not only effective in reducing the speed of vehicles but is also able to
contribute significantly to improving pedestrian safety.

However, despite the same facilities and services, there may be points or time bands
where or when they do not affect the speed reduction of the vehicle, as in the results
of the daytime band analysis in Borim Pharmacy. There may be several factors to this
effect but, in the case of Borim Pharmacy, we cannot rule out the effect of daytime driving
characteristics with sufficient visibility, compared to night-time, and raised crossings that
physically reduce the speed of the vehicle. In addition, looking at the characteristics



Sustainability 2021, 13, 9333 22 of 23

of the demonstration points, it is necessary to consider the surrounding environment
of traffic safety facilities when providing services on general roads, where the effect of
providing pedestrian safety services was relatively insignificant, compared to areas with
child protection zone characteristics, such as Wollang Elementary School.

Therefore, we presume that pedestrian safety services should be provided, in consid-
eration of established traffic safety facilities or traffic-calming techniques. Furthermore, it is
necessary to prevent indiscriminate system installation or service provision, by preparing
guidelines for installing pedestrian safety systems and rules, including operation methods,
in the future, as well as establishing systematic and standardized evaluation methods. In
addition, we believe it is necessary to develop comprehensive analysis techniques that
reflect the qualitative evaluation of local residents, such as applying a satisfaction survey
in actual users, or by operating a Living Lab (as has been applied recently in the transporta-
tion sector). We did not carry out such evaluations in this study. In the future, it will be
necessary to look more comprehensively at the results derived from data collection and
analysis, for a large number of sites where such a system is installed and where the service
is provided.
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