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ABSTRACT

This paper analyzed and compared the service level and satisfaction of the sidewalks in collector roads from 6 different
location, which has a lot of volume of pedestrians. For the study, it performed an investigation of road geometry, flow, research
about satisfaction of walking and video recording. Based on this data, this study computed the service level of the sidewalks and
pedestrian satisfaction. This study made a sense of correlation between service level and satisfaction. Also it focused on factors
influencing on the effectiveness of satisfaction. This study also analyzed the change of walking behavior chracteristics according
to the change of the level of satisfaction. This study adopted Multi-Modal Level of Service(MMLOS) method, because it could
consider more factors. This study reached the conclusion that MMLOS method cannot completely reflect the level of pedestrian
satisfaction. We have to consider more factors than in the current system for use in the development of sidewalk design. The
result of this study is expected to reflect the pedestrian satisfaction in future sidewalks design.

Keywords: Pedestrian-oriented Design, Walkable Communities, Urban Street Design, Video Camera, Statistical Analysis.

P A A DE T 2ot
s FAA W BAAL  ARATY EAZVAFATY FATAY

wox B *ﬁ/\l’v”ﬂlﬂﬂ LFFES B

sk ZAA  FEDER AU 314 Y
wees FAA | LHEAF S A871685) 05
wewnr ZA A ASARUSEE TEFE AT
+  Corresponding author : Sangyoup Kim(Jeonbuk Institute), E-mail whiteallen@naver.com
T Received 16 March 2016; reviewed 22 April 2016, Accepted 7 June 2016



EEo MulAsED BHAL ghEzof o

o
e

?.

1. 9470l 1Y % =5
BYe WESY F O Golw »

FaolAY AFAE YEHE G Ao B

s ARSI Aghek. AT A2 A

A&7hsd wEe| FEWOAN B

7] ARP olol wek AA hEAE FA

P27 A Aol A

e 58 P4 HYB

g Folth. 53] MeAle Bd 1, 1y

e
B
o

tt
f

P
o
o

1=
A

2

> )
e @ b fo X
NIO_O‘HUOE,

= X oo

e ©

(2005), Pt gl | Sl BAF
5& AAEH Bysty 248 $3) P2 Utk

Best zAo] olFA7] HaliA o
$7o] £ RPF/AIA ] g A 2
sttt A Tl =2 AA A 13 37 H7tel
g 7]€3 A %L Korean Highway Capacity
Manual KHCM)©] 2 3tTH1, 2]. ©] ARolAEs B
Ao FHATE FASITHE 7Y Sl frE B
Z3 RYVFFE 7FOR HE MuAFES
Set=E A A St A3l LEv olg 2
WO R &3 LOSw AAl ByA vEre) &
ol RHATH= Fo] A3 AFoA HHTh of
of Ax AMHlAgE dAdde Buh 54 &
< 18T 29Ut o, Bt} gsta AFET
e 71Ee] Bagk AA ol

AT v EFHTQ010)H= B} Al
UE BE AHagE JES $8) AAFEHE A
2~ (Multimodal Level Of Service, MMLOS) 7%
< A o] 72 BREXI HYuFHF T
a4 984TS 13 7|2 AHlasE Jd 7
el

I de] 290 9FE F= BE g4

K

oo AT % o o

S
ox
}o[r
Y

2 FYHOE ;R Aulss

w3 BB B7E Sla aslolA
) DA LS RABE] ARDA
FEo] olFo] Fow, FjelAE ofe
g& T A4l WA A g3tel Belxa e

)Y
o
e
o
o
kv

rO{v W
=
ME

g By vEEe] AAAAE v AT
7F &3] oA 2L .

AW HAAE S

it
Ac)
o
v
o
£ o X 2 o

< Wy M4 2 5=
RO HIHE S e Fesh Atk 2
=& Wke] flaid A4HY Asse 1)
B8 A= Zlo] HHs .

A 37 9422 17
3 AulzagE 44 e R BERE
THY 5 Y= AXRES P 5+ e PHES
AAse] HHE gelo] AMnlagE 44 7HE

B A E Ed 12S T3 REE9 AMH|
25E Hrteh RYVE o] A3 MY AFE A
W H gk,

o] F A&A A HyPFo] W 67 A9 1A
5o MMLOS 7S 2 4317] 93 dAA=zAE A
A F AHAFES AEFon, RPARES i

oR HERAE AN} 4A B} e

NHT L B I YL A= &
AL YT, ATE B3 BANY WEEO] IF

130 A=RMSYL=EN|

M153, M32(20162 6)



HEol Mu|AFED EHA oo e dF

Literature Review

- LS of sidewalk
- Satisfaction of walking

v

Data Collaction

- Geometry elements
- Pedestrian research
- Tracking path of pedestrian

v

Data Setting

v

Analysis
- MMLOS
- Satisfaction
- Walking behavior
- Statistics analysis

v

| Conclusion

(Fig. 1) Flow chart of study
I.71& a9+ 2%
1. BS8XIEE MHIASE I}

st

Lim(2004)2 HEE oy 3oz F
53

B 229 Au2agEs 3t & AR 3
BEZAE 53 ANIEC] AR e B A A
H| 2G2S gofste] M2 AR 2aE B Y
= A TS

Kim et al.(2006)& HCMO| A A A3 BT AH|
T b P HAZA FE =Y
AL Gl

FET FAUINE Fhee A

M
&
w4

tio

Kim et al.2006)2] ATolME B} EEEE| A
9] MY 2gES AlFZHE R (Time-Space Occupancy
Volume)®] 702 FA43HATHT).

Kim et al.2015) 7]&9] = =2 &FHZ(2013)
oA A= MulagE BA7HE EEAAA
o] Al B FEite] of & 18, Anlx
T AAAR Ao)E &gt MAE AMulaF

= BA7IHE A AT

Frank et al.(2005)2] 79} Alfonzo et al.(2008)
o AFE HES RYPHF S Hrlstr] 98 B
213} 5 (walkability)oll #3 A E2E B2 e
[9, 10].

2. Y BIEE

Sung(2011)8] AFE AA A JIEG Ag
Heste] nYREEE Mads A e
o RAAE) HAVEES} B & AL WA
T, BaAe BHoE HARAL e Aol
T8t BTl

Baek2012)9] AT 59 B9} Fw Aol
He BESO] gL nAE 2 290w
w3t

Ao
I BT B4 A7 72 A5, A
A&A A £o07 BRYPUNETo] FIFS 13
+ o0& YESTHI3]
Lee et al.2014)= R3zLe] AHEZ RYPUETo|
FEFE A= VIR e B4 EAETH4]L
Saker(2003)2] 472+ Moudon(2006)9] 4= =
AAA 9} aE Fofoll Al AR ol =ilA A
L3t WHAREE T3, VtEAE 28 4
SEAES SHATHIS, 16].
Melthorst and Horst(2010)-& H3§ ko] sjefje}l 1
YUNEEE FF T GFS v A B

Ry £2o hAgd WHT Aol
A

Wang et al.(2012)2] 7= TEEE HUEH]
sl 7k2e E8lF 84, AR, B RhEEee
WAE AT A8

Manaugh and Geneidy(2013)2] <
Baol 7hx|e} wrEEo] wX= 3
o o] AToAE BPntEoA QHdAd
AmA o] BPTEEo] a3 a9l

tH19].

o o
AC)
ox

Vol.15 No.3(2016. 6)

The Journal of The Korea Institute of Intelligent Transportation Systems

131



HEol Mu|AFED EHA oo e dF

3. a7

of {8 AT )z BE AussE
7o) BAE AHe, A2 B WASE AN
St gtk AW o)t HE HEZN nYTFY
sk 7Ee] Aulasz B B8 )

A QAEW F7kshe Amel 23 Ytk

ot

o2

NET ZHME BnEse)] Y-S wx=
2458 Heoue AT AFE JFPo] Ha gith

B ATNE F U B 225 1)
9Jstel MMLOS B7F7 WS A &3, Bgzte] v
Z50| YL 71X = QAES BAMFlY BYAE
2 AH 2% grle] v weks A AT

1. EE MH|ASE

By BAY AERE BAR Ade B3
Y HAAA FRA BANCR olgHT B

T

YA 7 FYUE RYuEFLEEUE R Y
A fraitel RYusw dAE T EAH =}
A AW o] AFE o] &sfa] AH| 22 BA G
7] 93 Who] AL RYAA A R wEek
RIS RPLT A AN 71EeR Fu
ATH20].
V=8xD Sy
47N, V= HALEFE(A/E/m)

S = EBIHE=(m/)

D= HAYE(/m)

Bz H4Eite Bz 45 tig oo
sdete Mdo2A B} 1909 o] &

el AZIE ouEly RYuEEET HHETt
Apolells AQR)E 71Eo R 3t

_5
V_M

V= HANEFR(/E/m)
S = HAKEm/E)
D= walUE()/m)

A AL 7]ZF 02 <Table 1>720] AHH|A4ES A-E
7HA FESER AL, AR 2FE E gS Blolud A
H| 243 FE J’rﬂﬂt} Eﬁﬂ?’hi«l HH] —/F%

(Table 1> Level of service of pedestrian

Pedestrian | Occupation | Density Speed

LOS | Fow Rate Space | (persyin’ .
(persymim) | (m'ppars) | ) |

A < 20 > 33 < 03 > 15
B < 32 > 20 < 05 > 72
C < 46 > 14 = 07 > 69
D < 70 > 09 < 11 > 62
E < 106 > 0.38 < 26 > 40
F - < 0.38 > 2.6 < 40

note) Ministry of Land, Transport and Maritime
Affairs(2013), KHCM

2. Multimodal Level Of Service (MMLOS)
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1) Overall Pedestrian LOS Model
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WHolty. 2)(3)3% o] Pedestrian Density LOS
Model3} Pedestrian Other LOS ModelS &3} A
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Ped LOS = Worse of (Ped. Density LOS Model,
Ped. Other LOS Model) (3)

2) Pedestrian Density LOS Model for Sidewalks,
Walkways, Street Corners
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3) Pedestrian Other LOS Model
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W 5¢ meiste] NuasEg Bokshe RYoR

0}31 2 @), G met 1 o] AAHM AHl =
of M2 UAFS <Table 3>3} 2t}

Pedestrian Other LOS Model 1

OtherPLOS (#1) = (0.318PSeg + 0.220PInt
+ 1.606)*(RCDF) (4)

Pedestrian Other LOS Model 2

OtherPLOS (#2) = (0.45PSeg + 0.30PInt

+ 1.30)*(RCDF) (5)

o]7]1A, PSeg = HF7F A ~5E 3k
PInt = B3} A= AMB| 2

RCDF = =23 A &A S

(Table 2) Pedestrian Walkway LOS (Density)

Equivalent Max. Flow rate
LOS Min. Pedestrian Space per Unit Width of
(service flow/person) sidewalk
(peds/hr/ft)
A > 60 < 300
B > 40 < 420
C > 24 < 600
D > 15 < 900
E > 8 < 1,380
F <8 > 1,380

note) Transportation Research Board(2008), Multimodal
Level of Service Analysis for Urban Streets.

(Table 3) Pedestrian Walkway LOS (Other)

LOS Numerical Score

< 2.00

>2.00 and < 2.75

>275 and < 3.50

>3.50 and < 4.25

m|o|aQ|w|»

>425 and < 5.00

F >5.00

note) Transportation Research Board(2008), Multimodal

Level of Service Analysis for Urban Streets.
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Classification Pedestrian-friendly design Conventional design
Site No. 1 2 3 4 5 6
Community Name INsA | OWARGHW 1 I JONGNO NG SINSA
Sidewalk Width (m) 3.00 3.00 3.00 325 - 325
Outside Lane (m) 3.20 4.00 4,00 3.50 4.00 3.25
Shoulder Width (m) 0.40 0.70 0.70 0.50 0.70 0.60
On-Street Parking (%) 0 0 0 0 0 100
Barrier (Y/N) No No No No No No
Buffer Width (m) 1.15 1.00 1.00 1.25 - 1.25
Traffic Volume Peak 248 972 248 272 296 924
(vph) Off-Peak 136 884 292 336 344 1,128
Vehicle Speed Peak 17.4 39.8 35.1 352 14.0 39.4
(kph) Off-Peak 21.9 422 40.4 36.0 21.9 452
Pedestrian Peak 4252 1,083 2,736 1,224 3,351 2,940
Volume Off-Peak 1,812 912 1,653 672 492 1,168
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(Table 6) No. of analyzed sample of each site

B3z 7| EBAE 2AMER AEE Gt v
TEE YEIh 98e 2007 1498 0= TH Site Peak Off-Peak
Bon, FP5HL ArtEdo] 12H o2 I No. | Suserved Analyzed | Observed | Analyzed
uotth 59 glo] BE0g FYshe Aol 1673
o2 F3Yo] & AFEHT wton, F FYA i R e L e
& Qo et
. . 3 2,736 784 1,653 815
(Table 5) Result of basic resarch of Pedstrian
4 1,083 783 912 511
. . No. of >
Classification Pedestrian(% )
5 3,351 993 492 362
Male 157 (52.0)
Gender
Female 145 (48.0) 6 2,940 846 1,168 473
20’s 149 (49.3)
Age 30°s 58 (19.2) e AES v o By #HS <Fig 2> 9
Zro] 3AIE &3 =3 B3 fALe Al
over 40°s %5 (3L3) go] 3AAE Tt FEFeAh B AA
Ao FAHE 7|FoZ dgon, FAH Ay
Commuting 79 (23.2) Tl oxE HNoz dAAsta
Trip Purpose Business 61 (17.9)
Leisure 162 (47.4) 1 ©A . ZY3T TG 2m FFHoE 7P
2L B A7e HAG
Accomparied Yes 135 (44.7) A& o B4 73Hs AAH
. 2 @A - AT WE BT RS A4
Pedstrian
No 167 (55.3) o N o =
= HE9 20m Wo B3 A 2
Norning 70 (23.2) o g9z AAdstgoh
Trip time Afternoon 139 (46.0) 3 @A - 2AE AFY dEs BAsE AA
Night 93 (30.8) BP9 AHS FHAT
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(Fig. 2> 3 Phases of Walking Trajectory Analysis
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(Table 7) MMLOS of analysis site

Peak Off-Peak

Site No. Numeric Numeric
MMLOS A Qo MMLOS Al S

1 B 2.07 A 1.84

2 B 2.20 B 2.35

3 B 2.09 B 2.26

4 D 3.79 D 3.62

5 C 3.30 C 3.46

6 C 328 D 3.90
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Pedestrian - friendly design 2]} Conventional
design?te] FEHE WL Fx 9 A Qs
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(Table 8) Satisfaction Level of analysis site

Classification Pedmtal:slilglendly Co?;?;lonal

Site No. 1 2 3 4 5 6
Convenience 34 3.7 3.7 33 | 34 | 34
Continuity 33 33 36 | 34| 33| 35
Safety 3.1 3.1 36 | 28 | 30| 32
Comfort 3.1 29 35 | 26| 25| 32
Openness 32 4.0 3.6 33| 31| 34
Total Satisfaction | 3.2 33 36 | 30| 30| 34

pc]

3. MMLOS2 28 BHEEZZIO| 21|

ARl 2rEY Bz} B H| 23 Pedestrian
- friendly design 712]7} Conventional design A 2]l
H3 Rludog &2 ghom Yeht ofgte] A#
e Hol FQ o <Site 6> AlALY] A wET
7t 342 F WAR 52 ARE YEITE =3
<Site 4>, <Site 5>+= HFA] MMLOS7} 242} DS} C
2 3 Tg°] AIZIAR e BEEE BT
olF B3 T AR Alold Hm o] RIS
AoZ FAHT <Fig 3> AYE AH|AaeEy
B3z nkExo] Aol

£
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Ao THEEY AolE BHI] A8t ttestE A

A TE ttest £4= A3l <Table 9> 4 Levene
T4t 7% (Levene Homogeneity of Variance Test)
= AP A3 SRS 7HEEA g AeE U
EPgtth TE3E <Table 10>0] AlAl B AAHH ¢ 3
35436, F9/3E-E 000002 F W Fd&E=
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HAFA ek vl A I FA o] TSR} T W
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2 FRT 5 7] wEolt

_lLU.r

(Table 9) Walking speed’'s Result of Levene
homogeneity of Variance test

Classification F p-val

Assumption equal valance 487.326 0.000

Not assumption equal valance - -

(Table 10) Walking speed's Result of
Independence t-test

Classification t-val | d. f | p-val | Ave.

Assumption equal valance | 35.754 | 6851 | 0.000 | 0.003

Not assumption equal valance| 35.436 [5476.22| 0.000 (0.00303

2 22

It BYAEe] dvh} FHPEAT X

T e Aot & AelMe HPAEo] T3
o

Ml

g o 935 Wo] IFE P2 ULE% LheRd
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ANE AAYE 5o dAdtol 210111 MMLOS
o} #do| Atk MMLOS7F &2 A HoM= &
TZ7} A #BZHH oM MMLosﬂ w2 A
AMe 2357 vnd A4 Jehg 931487 o
71 Aoz ENEAT

138 RU=STSAUR=ZT|

M153, M32(20162 6)



B Mu|ASED BB SEE0 et AP

Peak
Em25th mmAve. (J75th —Satisfaction
13 4
1.2 3
i
2 ES
a
5 1 2 &
E g
e I I II I I I .
0.9 0
Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Pedestrian-friendly design Conventional design
Off - Peak
Em?5th mEAve. [J75th —Satisfaction

11 4

105 3
.9 0

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Bend Ratio
[
)
uondesnes

©
ol
—

o

Pedestrian-friendly design Conventional design

(Fig. 5> Result of Bend ration

Pedestrian-friendly design 219} Conventional design
AT FIZEY zolE 17| 3t Levene T
4} 717 (Levene Homogeneity of Variance Test)< Al
gt A3 <Table 11> Zo] FE4ke] 7HAE =
Ao 2 YEPGTE TS <Table 12>3 Zo] t 3
3009, frogHES 000302 F oo F3% ¥
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(Table 11) Bend ratio's Result of Levene
homogeneity of Variance test

Classification F p-val

Assumption equal valance 0.861 0.354

Not assumption equal valance - -

(Table 12) Bend ratio's Result of Independence t-test

Classification t-val | d. f | p-val | Ave

Assumption equal valance | 3.009 | 1124 | 0.003 |0.1299

Not assumption equal valance| 2.996 1023.20| 0.003 |0.1299
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