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Abstract As citizens' demand for a healthy life increases, the area of living and health spaces is
increasing continuously. These living and health spaces are usually located on the outskirts of residential
areas, and there are many users at night, so appropriate lighting facilities are required. On the other
hand, the performance standards for trail lighting are not currently being discussed. Accordingly, this
study reviewed the lighting standards and conducted an empirical experiment to determine the
illuminance level of lighting suitable for trails. An environment similar to an actual walking trail was
produced, and the recognition level of objects by 36 subjects was investigated according to changes in
horizontal and vertical illumination. As a result of the experiment, the degree of recognition tended to
increase as the horizontal illumination increased, but the change was small from 3.0lx and above.
Vertical illumination also showed a tendency to increase the recognition of opposing pedestrians as
illuminance increased, and it was possible to identify the opposing pedestrian's face at 0.4lx or higher
based on a distance of 4m. Nevertheless, more meaningful results will be derived from experiments over
a wider range and under various conditions in the future.

Keywords : Trail Lighting, Appropriate Illuminance, Surface Conditions, Obstacle Recognition Distance,
Empirical Experiment
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Table 1. Status of trail construction by region in

Korea
Year 2017 | 2018 | 2019 | 2020 | 2021 | 2022
Park area | o ¢ 1 101 | 105 | 110 | 116 | 123
(nf/person)
Reference : http://www.index.go.kr (korean indicator system)
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Table 2. Status of trail construction by region in
Korea
Region Number of place Length (km)
Seoul-si 172 1,044
Busan-si 49 663
Incheon-si 33 432
Daegu-si 50 353
Daejeon-si 34 297
Gwangju-si 32 227
Ulsan-si 25 218
Sejong-si 7 69
Gangwon-do 135 1,966
Gyeonggi-do 233 2,824
Chungcheongnam-do 64 506
Chungcheongbuk-do 44 488
Jeollabuk-do 59 2,065
Jeollanam-do 81 1,371
Gyeongsangbuk-do 113 3,453
Gyeongsangnam-do 64 962
Jeju-do 58 821
Total 1,253 17.759
Reference : http://www.data.go.kr (public data portal)
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Table 3. Standards for road lighting for pedestrians

(KS A 3701)
Pedestrian traffic af Area Iluminance(lx)
night Horizontal® Vertical
Residential 5 1
High
Commercial 20 4
Residential 3 0.5
Low
Commercial 10 2

* Average illuminance on road surface

® Minimum illuminance on a vertical plane perpendicular to the
road axis at a height of 1.5 m above the road surface at the
center of the sidewalk
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Table 4. Lighting classes for pedestrians and low
speed traffic areas(CIE 115)

Minimum requirements

Vertical
illuminance

(Ix)
5.0

Horizontal
illuminance

(Ix)
3.0

Lighting class

P1 | High prestige roads

Heavy night-time use by

P2 pedestrians or pedal cyclists

2.0 3.0

Moderate night-time use by

P3 pedal cyclists or pedestrians

2.5

Minor night-time use by pedal
cyclists or pedestrians solely
associated with adjacent
properties

P4 1.5

Minor night-time use by pedal
cyclists or pedestrians solely
associated with adjacent
properties. Important to
preserve village or architectural
character of environment.

P5 0.6 1.0

Very minor night-time use by
pedal cyclists or pedestrians
solely associated with adjacent
properties. Important to
preserve village or architectural
character of environment.

P6 0.4 0.6
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Table 5. Requirements for road lighting for pedestrians
: HS lighting classes (BS EN 13201-2)

UEL JIS Z 9111:1988[11]1S B3 HPA} =20
i3t 2H7]ES Table 87} Zo] A5t Ut i

7122 2| KS A 37013 EU5H| o7t Bz} nE
g 24 ENo)| et 2 25t dAH REE A4
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Class Hemispherical illuminance Table 8. Standard values for street lighting for
Average(Ix) Uniformity pedestrians(JIS)
HS1 5.00 0.15
HS2 2.50 0.15 Pedestrian traffic luminance(lx)
. - K Area X .
HS3 1.00 0.15 at night Horizontal Vertical
HS4 performance not determined Higch Residential 5.0 1.0
g
Commercial 20.0 4.0
Residential 3.0 0.5
Low Commercial 10.0 2.0
Table 6. Requirements for road lighting for pedestrians - -
: SC lighting classes (BS EN 13201-2)
Class Minimum semi-cylindrical 2.3 ijé
illuminance(lx) - _ -
— i Fu-9) F1EoNA AT HA B 2] Ha 5
SC3 5.00
sc4 5.00 Table 9. Minimum performance of pedestrian
SC5 2.00 lighting for each criterion
SC6 1.50
SC7 1.00 Minimum
SC8 0.75 performance
SC9 0.50 Standard| Horizontal | Vertical Note
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Table 7. Recommended design criteria for walkways
within road right of way(IESNA)

Horizontal Vertical
Condition illuminance illuminance
(Ix) (Ix)
High pedestrian activity” 10 5
Medium pedestrian activity” 5 2
Low pedestrian activity® 2 1

* more than 100 pesestrians during the highest nightly average
one-hour volume period.

° between 11 and 99 pedestrians during the highest nightly
average one-hour volume period.

€10 or fewer pedestrians during the highest nightly average
one-hour volume period.

10091 o422 5

Iluminance | Illuminance

(Ix) (Ix)

Based on residential areas with

KS 30 0.5 low traffic
CIE 10 25 Moderate night-time use by
BS EN ) ) pedal cyclists or pedestrians(P3)
TESNA 2.0 1.0 Low pedestrian activity
Based on pedestrian movement
JIS 3.0 0.5 and posture recognition 4m
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Table 10. Empirical experiment conditions for trail

testing
Road Distace Hlluminance(lx)
Target
surface (m) Horizontal Vertical
2 0.5, 1.0, 2.0 -
Obstacle(brick)|  Soil / 4 0.5, 1.0, 2.0, ~
/ Sidwalk step| Palm-mat 3.0, 4.0
6 0.5, 1.0, 2.0 -
2 - 0.1, 0.3, 0.5
Opposing ~ 4 - 0.1, 0.3, 0.5
pedestrian 6 - 0.1, 0.3, 0.5
8 - 0.1, 0.3, 0.5
3.2 &Y &4 =y
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Fig. 1. Trail road and lighting environment
(a) Road surface (b) Lighting installation
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* Soil, horizontal illuminance 0.51x *Seil, Hotizontat illaminanee4.0lx

* Palm=mat, horizontal illuminance. 0.5Ix

Fig. 2. Experimental trail surface and obstacle
conditions according to horizontal
illuminance
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* Vertical illuminance 0.5x

* Vertical illuminance 0.1h

Fig. 3. Opposing pedestrian status according to
vertical illuminance
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Fig. 4. Experimental method for assessing cognitive
level according to trail illuminance conditions
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Table 12. Vertical illuminance experiment evaluation
sheet

Degree of awareness

eyes, nose, facial
face R
mouth expression
112|3|4(5]6|7|8|9|10[11]12]13]|14]15
LM E| O M| E] O [0 E] O[O H]| Q[ 0C]H)

body outline|face outline
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Table 13. Gender and age range of the subject group

Charecteristic Number of subject Propotion
Male 22 61.1%
Gender
Female 14 38.9%
70 < 2 5.5%
60 ~ 69 11 30.6%
50 ~ 59 9 25.0%
Age

40 ~ 49 5 13.9%
30 ~ 39 5 13.9%
20 ~ 29 4 11.1%

Table 14. Corrected visual acuity of the subject

Table 11. Horizontal illuminance experiment group
evaluation sheet
Corrected vision Left Right
Degree of awareness Average 0.97 1.01
1 4 7 Standard deviation 0.20 0.21
(visible or not) z 3 (moderate) 5 6 (very well)

83101 w0l QS S 4
2 155 19 5401 594 S A0 4o
2 s
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Table 15. Obstacle recognition evaluation results according to horizontal illuminance

Target Obstacle (brick)
Distance 2m 4m 6m
Horizontal illuminance(lx) 0.5 1.0 2.0 0.5 1.0 2.0 3.0 4.0 0.5 1.0 2.0
Soil Avg. 5.42 6.11 6.75 4.86 5.75 6.14 6.67 6.56 4.89 5.47 6.11
Ol
Std. 1.52 1.24 0.64 1.60 1.34 1.21 0.75 0.96 1.49 1.26 1.22
Pal . Avg. 6.25 6.42 6.83 5.94 6.47 6.53 6.75 6.83 5.86 6.36 6.50
alm ma
Std. 1.21 1.16 0.50 1.15 0.80 0.93 0.72 0.55 1.38 1.03 0.90
—8— Avg._Soil,2m Avg._Soil,4m @ Avg._Soil,6m —8—Avg._Soil,2m Avg._Soil,4m & Avg._Soil,6m
— £--Avg._Palm-mat2m  =&=-Avg._Palm-mat4m  =©--Avg._Palm-mat,6m — £--Avg._Palm-mat2m  =#=-Avg_Palm-mat4m  —@— Avg._Palm-mat,6m
7 7
§ 6 § 6
g 2
© o
‘s s
o Q
[ 5 g 5
g H
[moderate] Lm_od_elfti] _______________________________
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Horizontal illuminance(Ix) Horizontal illuminance(Ix)
Fig. 5. Comparison of obstacle recognition Fig. 6. Comparison of recognition of sidewalk steps
according to horizontal illuminance according to horizontal illuminance
Sl 9 ofAuiE LisHHoA sHW 2Tt 5 LHeg 9 0.51x o9 £EE RE RAA
0.51x o411 B9 BEE) ol4fe] o2 INHES B HEE@) o9 RS nuwA ANAES Kot kw
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% Y 25 204 s AR} FoEzte] o4 AR} AL 7t o]AAR N SUMEE H W2
27t SIS O W2 JAAES YEIGTE FY JAAREE HYY k=HERe] B YT 0175‘743]
ot o|AAR, +HH 2EoA RS WE A H B XA ofAHE tHHl ZHEOIA o &2
T8 s 2 23 FEbe Hop oo B 2 XAEE UElie S EIeH, o= "éﬂ L3
ANHES B wigHlel 71 1o 0] 4] chuo] Sjgt Ao WgHEIL)
42 FH XEE LHERG QX H7h A 4.3 AXH RH ierER; QIX| Eoh Zut
$HH 2o WE W9 A g7t A A Fko] wE dFEIA A B7F A=
Table 16, Fig. 63} Zt}. Table 17, Fig. 77} Zt}.
Table 16. Recognition evaluation results of sidewalk steps according to horizontal illuminance
Target Sidwalk step
Distance 2m 4m 6m
Horizontal illuminance(lx) 0.5 1.0 2.0 0.5 1.0 2.0 3.0 4.0 0.5 1.0 2.0
sol Avg. 6.39 6.69 6.94 5.81 6.39 6.78 6.83 6.91 5.50 5.89 6.64
Std. 0.83 0.66 0.23 1.13 0.83 0.53 0.50 0.28 1.57 1.29 0.85
Avg. 6.00 6.22 6.72 5.75 6.11 6.46 6.75 6.66 5.81 6.03 6.44
Palm mat
Std. 1.29 1.18 0.69 1.30 1.09 0.97 0.76 1.07 1.60 1.46 1.17
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