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Objective: This study proposes a personalized lighting system to enhance the affective
quality of passengers' experience in a premium bus.

Background: As concerns about user centered aspect increases in public transportation,
this study considers passengers' seating postures as the cue to optimally related
the behavioral patterns to their desired emotion.

Method: Empirical test and user workshop were conducted to explore the personalized
lighting in a premium bus. In an empirical test, 34 college students participated and
their posture changes were measured with two angle joints- backrest and footrest.
Eight types of given activity were narrowed down into four categories, and then during
the user workshop, 26 college students explored and assessed the quality of lighting
to best enhance affective experience for each of the activity category.

Results: We found a noticeable difference across the activity types, and the changes
were consistent among the participants in the case of the backrest. In the case of
the footrest, however, the representative data were not found as the angle varied
a lot individually. Based on the observation we derived four categories of activities:
Focus, Casual, Relax, and Sleep. Individual variations were observed as height and
sitting habits of participants varied. In total, there are 108 different types of emotional
lighting collected, and seven patterns of light distribution were proposed.

Conclusion: Passengers are willing to adjust their sitting postures by changing the
angles of backrest and footrest, where we can make a good assumption of their
desired behavior and emotion based on their postures. Based on empirical studies,
we suggest four types of lighting that optimally fits to the frequent activities in a
premium bus, such as focus, casual, relax, and sleep.

@This is an open-access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/), which
permits unrestricted non-commercial use,
distribution, and reproduction in any medium,
provided the original work is properly cited.

any personalized space.

emotion, Personalization
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Application: Furthermore, we expect advancement of user-centered lighting design
by achieving emotional satisfaction not only in a public transportation but also in

Keywords: Sitting posture, Emotional lighting, Public transportation, Bus, Desired
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2. User Activity Categorization: Categorize based on angle of the back by bus activities
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2ol g a2 MFSHI| s MAATHM(Kwon and Ju, 2018) A& Fd XtsAt HUOM M=dt= S0 Ofor He
AU 230 2Rk ZAE Bedl thaXel dUY g5 mfE 87HX|(=H-Sleep, OIE|O A|H-Viewing Display, 22 Z4-

Md)-Media interacting, &F-Work, AlAF 8 Z+4-Meals and snacks, 4 Z&f-Landscape
appreciation, SA1-Read)E FE5IU20, T 250 st HHZS Table 12 Sl MAISHRACH

Table 1. User Activities on Bus (Kwon and Ju, 2018)

Activities Description
Sleep Close eyes and take a nap or sleep
Viewing display Viewing media contents through screen
Listen to music Listening to music using earphones plugged in
Media interacting Interacting with the screen for consuming contents
Work Work on electronic devices or documents
Meals and snacks Ingesting food inside of the bus
Landscape appreciation Observing the landscape by window
Read Consuming reading content through electronic devices or paper

2.1.2 Participants and stimuli

MOl BAS X7 0183 LS 340| HOlstHOD] 0] 5 YL 213, CjBe 13302 BF AL 213MYCh

MY = ZAAR L =22 3l 'AA X ZHA(Meals and snacks)Z} "SA(Read)= L3|A0| &5 QE8l7| Q&l ZHEkst ZhAl L X
2 H3stF o, ‘0|0 A|H(Viewing Display), '&< 4 (Listen to music)', '0|C[0 IE{=El(Media interacting)’, 'Y FWork)= 7H2!
LER RUE O|0E 52 A=FEE 0[&3IULCH

Oz & 5 7t EH9E 28 1% HA RO HES MASIAUCE & & A0 78S YR Ade TS, ot
0| YHOZ HO|=F Figure 12+ 20| &M ztMo| HICHH F7L0o| JOHE JIH2HE HXISIRACE oH AFRZHO| CHB Table 101 “H2|%
871X|2| &S 28/ FEQ =ME TIWSIRACE DXL 250 HotSH XMt 228 22 42, ZIAXIF ZHO| HX|E 72t
£ ER5A 2BHeE XA Y422 1 B&S VIFSIUCE 24 2 F 102 =7t AR5, ZF HOX7L FOoT EjA3
£ R5F ¥t O & 20~2520] AL &ALt

2.2 Results

2.2.1 Data extraction

e ZAH T 20 ATIE 28510] Figure 20] HMAIE Hiet 20| SE0|Q| ZtE=of o] ZHETt Hatyl Fr g P &

http://jesk.or.kr
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2oe| = MM AEQt SHO| AZHO SOl A°t SHO| B2l T4 BE AZ0], /O A= MM AEQ Zi|&=
=]

HHZ AFEAE UEES St d¥ME SOl ZYOIE O|83HA| = 250 HEEUL O, YHH2 7|EH2L0 H¥FC R, ot
g2 7IERL FIZoZ 7|20|0 ZHM0f| o ESHA| G Az BEEUV| WEN I XM FSsto o Elﬂlﬂﬂf M2l &0 &
| ZI=E 0|83f HatE 5 A ML

Figure 2. Measured point (left) and process for measuring angle (right)

2.2.2 Angle of activities on the bus

AP 7122 EE FOIT 25 2 HotE 2428 40 20 BHA S®O| 7|27|2t 20| 7|27|E ¢S g2 Hlu 2M5HA

[}
-

(Figure 3). 1 27, S0|9| ZR0|= X0|7t 17004 15° AO|2 X3 LIEFLED EF HA7} 20| Blohe | LIEITHES o
EE RO H9) 2-7). WLolo] ZL0|E HE Wss 180N 322 SWOlot SAIL, BE HAV 37| BEEICHES ¥ BE
BAO] 9L 12167, 5 AFBAHE SH0[0] HES X IS, LSO JIHsto] 1 Halrt A, wiolo 39 Ztzo| ¢
B2k AXDL )9l ® AT 2 4 Y HOICE Figure 301AIS A ZAO) ASE 871X S R0 Ciotol 2= mstzol WY
S LIERYD QICk 7h2 gare wwolo] Zte MBS, M2 WEe S2ojo A Hae LED e, $¥(Skepo] 39 %
Wolor S| BF CH2 ¥ 0| Hlote] BSY| 2= M| SCANS Helg 4 SUTk BB 57 U (andscape Apprecition)
YTY 5 CieoIzkZotel x|
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OlLt QIES A& (Viewing Display)2 A4 AtA| 7|E22 = I HIXoH =S mofet &= QUCh 5 XA S 7|H2z St of & 7t
X HES # ohnl WEHoz 438 4 9t Jks4ol Art

35

Sleep

- [ ]
3 30 Listen to Music
v °
S
3 Landscape  Viewing Display
%5 25 Appreciation @
o °
o o . .
5 Work ® Media Interacting
S 20| "™ Read
Q
81 [ ]
< Meals and Snacks

15

0

0 2 4 6 8 10 12 14 16
Angle change of foot rest

Figure 3. Results for angle of the back and leg by activities in bus
olof, &5 ¥ Z HO|EE J|gtoZ BRE AIZSISICH YA HiX| SAHEA(One-way ANOVAI| Tukey2| AtE HZEO2 % U 7
Xo g3 RES 2FY & AL, &S HWEDN S0/ Z2, &8 UM =0 Z= K07t HHE[ACH(Table 2). DLt &
2o|e| AL AEo| Bah= 4 & XO|7F FEEKE AR HEL|UX| D &F E £ X015 EO|X| HUATHLHEMEM p
>05). M2t 2 AFME SEO| 4o HIE 9IF2 BS54 25 RIS FEots A2 THSH =AUt

Table 2. Homogeneous subsets produced by Tueky's HSD post-hoc test of angle of the back by bus activities

Activities Subset for alpha = .05 (Mean + SE)
Focus Casual Relax Sleep

Work 1.66 + 041

Meals and snacks 177 + 037

Read 3.83 + 061 383 + 061

Landscape appreciation 486 + 0.62

Media interacting 520 £ 0.72

Viewing display 6.48 + 0.68

Listen to music 947 + 0.87

Sleep 14.56 + 0.86
ZAME HIE HIEOZ 87IX| 238 Z=0| et & 471K 2 2FSIACL Ol= Z TS (Focus) - YT, MA R ZHA, ZA' "2 (Casual)
- BN, B4 24, AHY AL, O|CIo AE' B Relax) - 2 A4, 'S=H(Sleep) - =HOE TEE|QICE

http://jesk.or.kr

KAIST | IP:143.%x%.103.24 | Accessed 2021/04/28 10:32(KST)



J Ergon Soc Korea

29} 0fof HE

A
M

3

i}

.
o

Jinyoung Jeong, et al.
2.3 Discussion

182

ulo
Ll

pal
4

'l

A
~

Zt
EVR

=

|

ooz
1z

12

o

CH2A &S (Focus), YA (Casual)
7

of 2y =

AFK|
of 7t WELCH 150°0) JHt

f7120/1 F= 7|cHof &

[k
Kanglt Eune (2013)2] S0 HAZ % HEQE Z0] =A<

[e]3

HOIC}Park et al, 2015).

=

=
to|QF OO Z[CHX|

L

[

2 ZHEE U of

2|1 Table 20f “g2|E Hiet 20 'SA 232 AtMQh &7

=M (Sleep)

.

KF

C

<+
oy

PLR

<+

ole] =7}

o o 28X0l2ts Zifet Z0[ AH&At

Hayashi2t Abe (2008)2| HTOIA AtEAt ZHAIEOIM RHES

pS|

olz}

.I

[

[

LE2EQ £ X7k Hoix|
3. Lighting Exploration Workshop: Explore Lighting Based on Posture Categories

=

K

= B AN E 2N 2T0M =

Sleep
15°
32°

10°
29°

Relax
2 9t 199, OXt 7

|

=

I o

o
)

SHALE,
Casual
25°

o
o

Kol A A

4

[=}

.
(=]

Al
=

b

A
o
| stgo=
Focus
o
20
KAIST | IP:143.%%x.103.24 | Accessed 2021/04/28 10:32(KST)

9|

AP0 MEBH0 Table 3

=

BSo 233 278517] fI5H0], 280N &
=

20.1M0]Ct.

3

Activity category

Angle of back rest
Angle of leg rest

=

t

Table 3. The angle of the back and leg by activities set in bus

3.1.1 Experiment setup on the bus
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3.1.3 Lighting exploration workshop

t
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oju
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Figure 5. Lighting exploration process and filming method
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3.2 Results

3.2.1 Data extraction

N O o By
N 2 o o2
Rl

o 3 o
% o XA
30
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o
[e°]
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Az, 2 YN ABAE2 HAIE 178K =88, BA= 371K =82S ALEdt0] AdS
& 2 & 1BUHZ, 018 25 L2E [0 27|51 ZZE LOLEACHFigure 6). 1 21, At
HEIS 77kK2 Lts & AUCHTable 4). Ol= 2t VY, BT o, E=/5H, 85 o Y FH 2TO| ofy, &

Zo| X A
= P
oz ZRE0, 4 ofE € 2E & T £ Table 52+ 20| Y2[SHAL,.

o 0
HQ

Figure 6. Procedure of lighting placement: (Left) an image recording the workshop scene (center) lighting distribution (right)
converge into seven placements

Table 4. Observed frequency of lighting in each categories (N=131)

Light categor Back of Front of Window / Window Behind of Under the Under the
9 gory ceiling ceiling side frame front seat handle seat
Observed frequency 27.48% 25.19% 4.58% 8.40% 19.85% 7.63% 6.87%

Table 5. Exploration of lighting configuration results (If people design indirect lighting, it described configuration number of
indirect lightings)

Back of Front of Window / Window Behind of Under the Under the
ceiling ceiling side frame front seat handle Seat
Point 2 6 - - 4 - -
Focus Line 2 7 - 1 5 (3) - -
Plane 6 1 1 1 3 - -
Point 1 1 - - - - -
Casual
Line 4 9 (1 1 2(M 1 1(1) -
MY = Lt RIZtS otz K|
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Table 5. Exploration of lighting configuration results (If people design indirect lighting, it described configuration number of
indirect lightings) (Continued)

Back of Front of Window / Window Behind of Under the Under the
ceiling ceiling side frame front seat handle Seat
Casual Plane 11 2 1 - 1 - -
Point 3 - - - - - -
Relax Line 2(1) 22 1 22 - - 1
Plane 2 4(3) - 3(1) 7@3) 1 1
Point 3 - 1(1) - - - -
Sleep Line - - 0 - - 1 22
Plane - 1(1) 1(1) 2 5(4) 7(7) 5@3)

3.2.2 Lighting distribution based on posture categories

FZ£Z HOIHE HEo R, AEXIE0| ZHS ORIl & I ne{dt IHS mpets Rt Am, ZHS XMl ofC|of HX|SHRA=7HHi2
IHEHOf CHof 2SSO, O ZIHE Figure 701 MAISED QUCH ALBAIE2 & R0 et =S Mzste 40| 3=, €
Casual Focus
35.90% 25.64% 34.29% 45.71%
(Indirect 0.0%) (Indirect 0.0%) (Indirect 8.3%) (Indirect 0.0%)
i?
[/ 2.56%
/i

30.77%
direct 88.9%)

20.69% 24.14%
(Indirect 83.3%) (Indirect 0.0%) 3.57% 1oz

N
7
,

24.14%
lirect 42,9%)

7.14%

ﬁ; v

C.s'm\j (Indlnct g?&x)

Figure 7. Exploration of lighting configuration results and indirect light rates (Marked orange color for positions with 20% or
more)
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