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ABSTRACT

This study selected bicycle road hazard detection factors for mobile IoT sensor device operation
and developed service application plans. Twelve bicycle road hazard detection factors were derived
through a focused group interview, and a fuzzy AHP-based importance analysis was conducted on
30 road and transportation experts. As a result, ‘damage to pavement’ (Ist overall) and ‘environmental
obstacle’ (2nd) with low visibility but a high risk of accidents were selected the most. The factors
in terms of facility management, such as ‘disconnected route occurrence’ (4th), ‘artificial obstacle’
(5th), ‘effective width® (6th), and ‘poor drainage’ (7th), were selected as the upper and middle areas.
Factors that are not direct accident-inducing factors, such as ‘loss of road markings’ (11th) and ‘free
space width’ (12th), were selected the least. Based on this, a plan was presented to apply the bicycle
road hazard detection service and a service operation strategy according to real-time performance.
Nevertheless, follow-up studies, such as human behavioral analysis based on bicycle operators, analysis
© 2024. The Korean Society of according to the bicycle road type, service demonstration, and pilot operation, will be needed to develop
safe bicycle road management is expected.
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<Fig. 1> Operation concept diagram of mobile observation sensor equipment
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SHAT. FERS AAAERS] Ha Fog, shte ARE V|FORE 15m o) Fdo] FREEAE
HASE Aoz Al we} 7]20] 12m o)F oz Aol 7hssitth A#fa3t 2 AAAER & =
ol Aol of Z SWAF Fo|n, I 7]FEL 05melth HEA BHL HP2 fFEX)| SFEALE,
Az Gl 5 B aAE 7)E AR Ao IR SERAM BAYRS A s Atk
F A 2R 5 AAAER 2udde 2AEH &, 2HEA S, dWlg EF T4 AT 78
o] EEHNY. TAYH &4 TAWY ¥ 9 3, AxAo) ©E ¥ol W3}t T AAAEE 2H0] &
FE BHE AASE AoR, FPAR AR & AREFE D, E T8 FEe Bt g HEA
EAL 7183 I, ATt A 5 2R A, SR wdA, F5E A4 5 29
A, wAFA FE 8 HE ARE AAse gdolt vl EFE 9 B 4 F By A, vl
T S8 7 2 EoR §& AAshe g4t
Al A T R ARAAEE Zof a4 ABe 1EA, AdF, $4A Hollesrs FAEH AFH
Foares 28N, I3 A7), E2RA, 7IEF, AF 5 ASTANEEY FfaLE A Aotk
AdA o eas BAL 9, &, UE7HA 59 Aoz BAEE Fojadoy, 4 Afjasrs &
EANA BEE, Hébe, 287 5 ARAAER 2 AoEelth
opA et 27 FEQd AARAALLL 1F 840 B9 ByA, AEHEE, FYFAAFOR R 2
ko] A ARAAER of AL 9] 2 F e ByAY 2 WEE FAYY AFHREl] A
MUY o] FZA =AM AAAERZ W Yol 7Fesht, ATl e A AA 23l f1de] 2 5 o=
<Table 1> Bicycle road hazard detection elements
Category Detailed type Sensing elements and criteria
Effective width At least 1.5m
Facility standard Free space width At least 0.5m
Disconnected route occurrence Conflict with other facilities
Damage to pavement Pavement condition level D, E
Road s.u.rface Loss of road markings Loss of pavement, lanes and road markings
condition
Poor drainage Standing pools of rainwater
Artificial obstacle Bicycle road obstacles (tree, lighting, handrail etc.)
Road obstruction Natural obstacle Natural obstacle (stone, fallen leaves etc.)
Environmental obstacle Other obstacles on the road (ex. fallen object, waste etc.)
Pedestrian Frequency of pedestrian appearance
Human factor E-scooter Frequency of electric kickboard operation
Prohibited vehicle Automobile/motorcycle detection
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AHAAER A8 A 84 A4 Hrte] WHHE0 2 Fuzzy AHPE &-8311A $HT}. Fuzzy AHP+= Laarhoven
and Pedrycz(1983)°] 71& AHP 3<+Z EU| & 47} 2| 4*(Triangular Fuzzy Number, ©]3} TEN)S AF&-3F B¢
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o] £9 HHS TFANY =ZL7]o|Th(Lee et al., 2009). & AFoll A A&+ Fuzzy Scale <Table 2>} 2T}
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<Table 2> Fuzzy Scale

Linguistic Scale F-No. Fuzzy Triangular Scale Reciprocal F-T-Scale
equal importance 1 (L,L,D) (1,1,1)
moderate importance 3 (2/3,1,3/2) 23, 1, 3/2)
strong importance 5 (3/2,2,5/2) /5, 1/2, 2/3)
very strong importance 7 (5/2,3,7/2) (2/7,1/3,2/5)
extreme importance 9 (7/2,4,9/2) (2/9,1/4,2/7)

)

ASE B7}7]F(Criteria) & =Z35}7] $13l <Table 1>2] HA2AYL S &85

ks A A1-45 g8t (iR &4 TEN S = ([, m,,u;) &

FN 5] B3 A 3KDefuzzification) S 13 HAgke] e A3 g 2T AHASAT A7IM S i
A TEN #kold, [ 3133t m, S F34gh, u, = 4aghs ondth 21e 7 88y 5235t A At
ditE j S8 e otk 42e A 2AL w2t ifE j SAE 1, m, u gholl whet A A get
Aotk 432 A AEH |, m, u AAFAFE gtttk i 49 o, j S8 mA7E AltE 74 FrbE

FEH
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Final Goal

(g"i class) __ Facility standard Road surface condition Road obstruction Human factor
ategory
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Sub- ~ | Effective |[Free space d Poor d Poor Avrtificial || Natural | . Prohibited
width width ed route drainage roa drainage obstacle || obstacle nta Pedestrian| | E-scooter vehicle
Category occurrence markings obstacle

<Fig. 2> Hierarchy structure
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o], ARAEE =
2 olasel AT UBA Belhn A9 FALE BAA FolQkold], ABASE A2kl B
$ B, A% AR, FYFA AT THAYY. AFHOE PHE ASTEE <Fg 2-9 Atk

1) A& Zex BEAMZAD

Br71E B4 A AR I ASHAS A8t U#4 ¥E(Consistency Ratio, ©]3F CR)2 HI
W E CI9F nA7)ol whet AP EH, tere] viudgE C1o] Het 7291 A F(Random Index)E ©] &3t AH&
"ok ¥urd o2 CRo| 0.1RT Zow UdfRAo] sslH, 0.1~02 FFEE & EAVF gtz I3 thKim

et al,, 2013). & E4o] &85 267] EE CRE 0058Z wl$- F&d YdAAHS Yok

B7HASRL 2415, 34150 tidk Auinln 24 28] A A HA ALY S 7ito R PFE A
g H, HA A5 7P E Ak 4SS ol F Mo g Wrly|EE TEN &3 v gE 9g 4
el IHAER HE 7S s o, 1 I <Table 3>3 Zth 24159 TEN#S AHAER
AA7]1Z (0.15, 022, 031), AAAEE =HAE (0.20, 0.28, 041), AHRAEE o 84 (0.18, 0.27, 0.39), A
AAZZ AdFH 24 (0.16, 023, 033)Z AF2HIUT o|F BEUZ HF <H4E A3 7sAHE AAARR
=HAETF 02822 7P EH9kom, oloj A AHAEE Ff QA4 0264, AAAEE Q1A QA 0234, AHNAE
2 AA7FE 0220 €22 AU ARAZE 2B} 1892 FHE A z4HY 79 2 9y,
Azl W Fo] W3}t F AAAER =W 22 &4H FHAE Z AR ool £ e AXA
3 9 Al g tigk S4o] WY H A9 ATHEG. 2 Ugo® T2AM I&E YdEHE, E, 7|E

AR F ARASRY TR ol ad G4 AWA LA BAPH O ST & gl aawA A

A2 & A ¢A. U B4 $Y U AN £ LS PYIANG B4 5

AR A aAE RO e AFAE HEHAG ARAND A gkt WA B 9

42 Aol Wag Holh, AAER A W Be 54 4 o hgIE 44 Gk LAY Hu

9 ALA U AR ATE AIAE ADASZA TAA 9 £ AW Fol DA, 3ol 2

ARARZA BAS A Toltt, BAROE AHARE AHIEE 7V A BEeh ARAE
R4

2 ANE7ES ARARR **741 Al AAAF & g0, Frh]
Uzhs d27kee] WAE 37F 77 wide AR et

AQH ALE fkshe 247} of

<Table 3> 2st Class TFN & Weight Calculation Result

2st class Facility standard Road surface condition Road obstruction Human factor
Facility standard a1, 1) (0.63, 0.81, 1.04) (0.64, 0.82, 1.05) 071, 0.89, 1.11)
Road surface condition (096, 1.24, 1.59) a1, 1 (0.85, 1.08, 1.37) (101, 1.26, 1.57)
Road obstruction (0.94, 1.22, 1.56) (0.73, 0.92, 1.18) 1, 1, 1) (0.90, 1.20, 1.58)
Human factor 090, 1.12, 1.40) (0.64, 0.79, 0.99) (0.63, 0.84, 1.11) 1,1
TEN (5,,5,,5,) (0.15, 0.22, 031) (020, 0.28, 0.41) (0.18, 027, 0.39) (0.16, 0.23, 0.33)
Weight (normalization) 0.220 0.282 0.264 0234

2 WO R 3AT FIPIEE TN 7HeA & Abgstolon, 1 A= <Table 4>9F 20 A=
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A7) TAINS A4 Ed, {8 Z (026 0.36, 0.49), o337t Z (018, 0.24, 0.32), BH=A 24 (0.29,
0.40, 0.56)°]™, o]0 W& 715X = tdieAl WA o] 03972 7H¢ &L o]ojd & Z 0357, JFa7t &
0246 O & YEITE 159 e B9 A9 dd] AHARRE kMo FoEE 4% 8 ol
B2 45524, A2 @ 5 AF VtEFAHQ L) AFEH ARAQ AL o] EEEE AT wF
SHgo] vl ARE fHHET FEFS AXMALRE A7 7EA] AL ALEA P AHA &
ol B4AQ g0t 7P W2 WUtE e AAV|E 84T AREt F2 AHAQ AHAA &3l 9
s vA7] Bthe JUTA Al Dod A4 wet A oRE FaE7F WA HUbE ZloE dd
Hoh

AHAAER =HAAH S TENS AHEH, A4 &4 (042, 0.59, 0.81), =HEA] <4 (0.16, 0.22, 0.30),
vl B (0.22, 0.31, 044)0]H, o] ME 7hgX & TAGE E440] 05192 #f-%- i—%%ilﬂ o]o A HH‘T =
F 0276, =HEA £4 0205 <O & ASHUT 159 T E S-S O 3l H
2 A Yebgted, ol =AW #E 9 9d, AxFd mE Fo] W3 5
ook AlRIA o] e oy AHAER Abare] 7 AH AR FEFs v = Li°171 HHEOE
. 58 XA £ ARE TARA o] &AE AX B #e] A4 AREH E
A7z, #eAe AT C FF oS FAEoF He o840t 2&9 = HH‘I“
A ARAA FRFE DA At AL APAEE Bl =8, vl EFo] 2 —%
3N F8UYe] ol AT wNgE AAE A mHIEA £4L TA THA, A A =E
A9 #E g WA AEE AAEHE AZERL 881l 7 v HUbE W ZloE AgEh
AAAEE Ao 249 TENS Q153 Ao 224 (0.23, 0.33, 0.49), AAZ Foh 24 (0.18, 0.24, 0.34), 37
A Ao Q2 (0.30, 042, 0.60)°]™, o]ol] WE J}EX= 3AA Ao) 247} 04188 7 T3
o 84 0328, AAZA Aol 84 0254 £ UET A ARAERE =R\ FEA M & H
7Ve Wk EAGE S 2ol A SHAAA Al o] e A ek & w4 7]E Bl =
Eol ALE I F e 7P 2 810 E WIEHAT A3 FE E2AE BEE 9 YEhE, 2287
ol F8 248 7E HelEEA AL AP 8o R T ¢ Aok A dFA Aojes
T2 A2 U AR de 2HAAE, I NS, 7tES oEA AAA FqA A SEH Ao es
Hoe AlQIAC] & EAS 7tk AR IFF Ao a4 A A ol WalE e 84
Ho g g FoFEs AAse AV AT gbolt)h /M B JUkE e dEe EAL 944, Ux
74 o AAH oA RA AHA S Wit H21 sHARE AL 918 A gohe WSS W
AH XAE7MA7F vrEE Ao g dAokE)

ARAAZE QA Q40 TENS AHEHA, B33 (021, 0.29, 0.39), 5 ZRT (0.22, 0.30, 041), FH=A
2 (028, 038, 0.53)0]H, o]d] W& 7}EXE= FHFA 2AF 0391, A5 DHE 0307, 232 0301 =2
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<Table 4> 3rd Class TFN & Weight Calculation Result

3rd class Effective width Free space width Disczcnill;crcrteeigoute
Effective width 11,1 (1.26, 1.62, 2.03) (0.63, 0.78, 0.98)
Free space width (0.49, 0.62, 0.79) 11,1 (0.50, 0.64, 0.83)
Facility Disconnected route (102, 128, 1.59) (120, 1.55, 1.98) a, 1, 1)
standard occurrence
TEN (5,,5,,5;) (0.26, 0.36, 0.49) (0.18, 0.24, 0.32) (0.29, 0.40, 0.56)
Weight (normalization) 0.357 0.246 0.397
3rd class Damage to pavement Loss of road markings Poor drainage
Damage to pavement 11, (2.31, 2.83, 3.37) (1.36, 1.74, 2.16)
Loss of road markings (0.30, 0.35, 0.43) 11,1 (0.55, 0.73, 0.98)
Road surface Poor drainage (0.46, 0.58, 0.74) (102, 1.37, 1.82) 1, 1,1
condition
TEN (5,,5,5;) (0.42, 0.59, 0.81) (0.16, 0.22, 0.30) (022, 031, 0.44)
Weight (normalization) 0.519 0.205 0.276
3rd class Artificial obstacle Natural obstacle Environmental obstacle
Artificial obstacle 11,1 (1.05, 1.39, 1.82) (0.57, 0.74, 0.98)
Natural obstacle (0.55, 0.72, 0.96) 11,1 047, 059, 0.77)
objl'?li(jion Environmental obstacle (1.02, 1.35, 1.76) (1.31, 1.68, 2.11) 1, 1, 1
TFN (5;,5,,5) (023, 0.33, 0.49) (0.18, 0.24, 0.34) (0.30, 0.42, 0.60)
Weight (normalization) 0.328 0.254 0.418
3rd class Pedestrian E-scooter Prohibited vehicle
Pedestrian 11, D (0.75, 095, 1.22) 0.62, 0.77, 0.95)
E-scooter (0.82, 1.05, 1.33) 11,1 (0.59, 0.75, 0.97)
I;;Jz?;n Prohibited vehicle (1.05, 1.30, 1.60) (1.03, 1.32, 1.68) 111
TFN (5},5,5) (0.21, 0.29, 0.39) (022, 0.30, 0.41) (0.28, 0.38, 0.53)
Weight (normalization) 0.301 0.307 0.391
2 zZ 2= 244y
<Table 5>+ 24153 34152 F7P7|E 7A€ w3t T A $8E &9lolth o|& 7|vte s
W AP es A, vES AAEAEY A, A a9l A4, A Heles gAE A
Fote] s 7hsstth A, k1 A AR L 24 70146, 15=290), 842 Aol 2420110, 2
hEA HZ o) QAT 2w gl g Bl Zlo] Ws) eoll HA e 22 Aol
o] AA EAFANA Aol vrol ZA AR A A 29 Z4A] Fasgol

ZEE oty 4, vF3 ArAl gAY A
0.087, 530, &8 Z(0.079, 6+, ¥l E30.078, 7% S
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AA L A2 820 A% AUATZ ERtE ¢k S FYFA AFE 389000 FE H7}
£ WA, BaARK0071, 959]), AF AREQO, 8E5)E ATHOE W 292 AAHUT A A
B 23kEA o] Fastal AAMS FREPIVE o HEe] BidE AR AddEnh A, 1A
el 24 BAlE o3t F0.054, 1259, =HEA 40058, 1159]) 8424 Hek A AA 8
AAA Aol ARHA LG 22l0] opd Ho] MAH Ao AT,
<Table 5> Analysis Result
Class A Class B
Category Weight (rank) Sub-category Weight (rank) Final importance (rank)
Effective width 0.357 (2 0.079 (6)
Facility standard 0220 (4) Free space width 0.246 (3) 0.054 (12)
Disconnected route occurrence 0.397 (1) 0.087 (4)
Damage to pavement 0.519 (1) 0.146 (1)
Road surface 0282 (1) Loss of road markings 0205 (3) 0,058 (11)
condition
Poor drainage 0.276 (2) 0.078 (7)
Artificial obstacle 0.328 (2) 0.087 (5)
Road obstruction 0.264 (2) Natural obstacle 0.254 (3) 0.067 (10)
Environmental obstacle 0.418 (1) 0.110 (2)
Pedestrian 0.301 (3) 0.071 (9)
Human factor 0234 (3) E-scooter 0.307 (2) 0.072 (8)
Prohibited vehicle 0.391 (1) 0.092 (3)

LOI9)S] ATANE A £ S5} AEE W) 2 2ok, neA 26 Te, AolE S
A AR A BERsL WA e, ole B A7 2 uekn gAY ARHos BaTe
dWas EFY ARAT EAATele) Mz AL SRS AA

3

i1
)
N
>
il

3

ol B, & A B g sfde] QFEHT ol B AT AMARR AAE7]Ed A
HH1(0.397, 2A1% 129)0] FE £(0357, 2715 259, A8t 0246, 2415 3R B4 7}
Aol AR A, AFAZE =i Eolth. Kim et al.2016)] AToAA = TH &3l o2& F

AAER e 595 243t By Bo7hs AAsIAT &, AMAEE = F TAGH &4
Sk Zlo] Al Aotk ol B dATolA 2ARAH EFET FAE 0.146) P800l A 1=
AR Az 7 BekS SAZ AR, AAAEE Ao @ 40]t} Schepers and Wolt(2012)= A7 TH= A}
I 78 2 EAS dFstde, AdA GEAe A9 oF Hyle] B2 lxegke} #Ho] e ALE F
MEAJ o] T FoljEd FE0] AT 84 U, ol & AT A3 F S F Aol 840418, 27
T 129D, AFA o) 840328, 245 259) e A FaAo] EA UEhd A AR Aotk UlA,
ARAAARL Q1A 840t} Joo and Oh(2013)9] AT AHA- A2 FHFEZANA LY (AAF7F 2AAA- B
B2 FHAEZRT A el 24E&S B, Kim et al.(2023) OF 94 ARA ALEZ7} gd R

)
v
i)
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