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Abstract

The study documents the analysis on characters and symbols shown in the pavement markings in the
perspective of mathematics educators. The purpose of this study is to propose a pavement marking
method that can enhance readability from the driver's eye position. To this end, this study analyzed the
figure of the pavement markings that can be actually recognized by the projective geometry perspective.
As aresult, it proposed alternatives to the current pavement markings by introducing the concept of the
compression ratio. Results of the study are as follows. First, the rule was established to obtain the
compression ratio. If the observation of two viewing angles are = and y, then the compression ratio S is
T—y

siny/ cos( ) Second, we presented two alternatives to the pavement marking method for the

displayed information. One is a method for improving the pavement markings in terms of the
compression ratio, the other is a method by varying vertical length of the pavement markings while
holding its width constant. Based on the outcomes from this study, a mathematical analysis can be
further studied for the perception of speed according to the types of pavement marking line.

Keywords: compression ratio, mathematical modeling, pavement marking(road marking),
projection geometry, viewing angle
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Figure 1. 30m view(1 second ago)

Figure 2. 10m view(.36 second ago)
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Table 1. Standard of dotted line
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Mathematical Analysis on the Perception of Pavement Markings Using ‘Math Field Trip’
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Figure 3. Dotted line

(unit: meter)

Type city road local road highway
centerline Z 3 3 3
L 3 3 3
w 0.15-0.20 0.15-0.20 0.15-0.20
lane L 3 5 10
L 5 8 10
w 0.10-0.15 0.10-0.15 0.10-0.15
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Figure 4. Pavement marking: sign
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Mathematical Analysis on the Perception of Pavement Markings Using ‘Math Field Trip
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Figure 6. Projection
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Figure 12. Viewing angle: 2.3°

Table 2. Viewing angle according to the distance(1)

distance(zm) 10 12 15 18 20 24 30
angle(°) 6.8 5.7 4.6 3.8 3.5 2.9 2.3

Skoll A @2 FA t=18L/5vE °]-&3to] o7 ol ut2 £ 28 ARkE A el shH Table 33} 2Tt

Table 3. Taking time according to the distance

distance(m) 10 12 15 18 20 24 30
angle(°®) 6.8 5.7 4.6 3.8 3.5 2.9 2.3
velocity 60 0.60 0.72 0.90 1.08 1.20 1.44 1.80
(km/h) 70 0.51 0.62 0.77 0.93 1.03 1.23 1.54

80 0.45 0.54 0.68 0.81 0.90 1.08 1.35
100 0.36 0.43 0.54 0.65 0.72 0.86 1.08

2) =0|7} 1.5mQl &8zt

oMol = ol 7} o S 7|F o & Ay WA} Figure 138 =9 A ZXE 30m 7 o] 9= &4
2k 2] 2ol 7t 1sm Y W, #E7Yo] 287°90 & Wof Frh $AZRE tan1(1.5/30) = 2.87°0] HTh A 2]
w2 P27k 7% tan {(1.5/2) ©) 3L, Table 4% 9] Ftoll W2 #&7te] 2715 vehd Zoldh

Figure 13. Viewing angle: 2.87°

Table 4. Viewing angle according to the distance(2)

distance(zm) 10 12 15 18 20 24 30
angle(®) 8.54 7.13 5.72 4.77 4.29 3.58 2.87
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o] HYBER, ol T JEeH 5 o g2 vhE-S Ak,
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™ Table 59} o}, A o2 A" A T/ FAol thet #2725, 4EHE A2l 10m, 20m,
30m 2 FE3ke] -3k gholt,

Table 5. Compress ratio of pavement markings

L & angle 10m 18m 20m 24m 30m
sign and letter @ y x y @ y z Y x y
sign 1 view angle(®) 8.54 5.36 4.77 3.58 4.29 3.30 3.58 2.87 2.87 2.39
r, (em) 600 600 600 600 600
s, (cm) 56 37 35 30 25
S 0.093 0.062 0.058 0.050 0.042
sign 2 view angle(®) 8.54 5.72 4.77 SN 4.29 3.43 3.58 2.96 2.87 2.45
7 500 500 500 500 500
5 49 33 30 26 21
S 0.099 0.065 0.060 0.052 0.042
sign 3 view angle(®) 8.54 5.72 4.77 3.73 4.29 3.43 3.58 2.96 2.87 2.45
r 500 500 500 500 500
5 49 33 30 26 21
S 0.099 0.065 0.060 0.052 0.042
sign 4 view angle(®) 8.54 5.72 4.77 SN 4.29 3.43 3.58 2.96 2.87 2.45
7y 500 500 500 500 500
5 49 33 30 26 21
S 0.099 0.065 0.060 0.052 0.042
letter 1 view angle(®) 8.54 6.29 4.77 3.97 4.29 3.64 3.58 3.11 2.87 2.56
2 360 360 360 360 360
5, 39 25 23 20 16
S 0.109 0.069 0.063 0.054 0.045
letter 2 view angle(®) 8.54 6.90 4.77 4.21 4.29 3.83 3.58 3.25 2.87 2.65
7y 240 240 240 240 240
5, 29 18 16 14 11
S 0.120 0.073 0.067 0.057 0.046
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Z5o) wel H A 0.04200 4 H 0.046714] &) Mol ok A& Aol Fol sk Q1S 45 o)t} AT A}
o] A= Table 73 2t} o1& F 2 wl, 4017} 010189 Wi 2] SHAL AN b d Aow
Uergth webd $HER7F 448 01 H 5 mUFAE & Dert ok
Table 7. Result of survey
item response rate(%)
S=1.0 S=0.5 S=0.2 S=0.1 S=a«a
1 100 100 100 93.3 13.3
2 100 100 100 100 55.6
3 100 100 100 97.8 8.9
4 100 100 100 100 11.1
5 100 100 100 97.8 44.4
6 100 100 100 91.1 6.7
mean 100 100 100 97.78 26.66
2) £=0| ©= i“*EAIOII EHE 5t Cfjot
ERAFA ] e A ZEe 1(%) A9 of 771 Zasit), webA Table 3025 Al §38 9] Eof w2 =HE
Ale] el ‘%%‘&A*H?ﬂ %Lo} ,60km/h*= 18m, 80km/h+ 24m, 100km/h = 30m 7} E v}, oF=n]7}
HFEA o] 3l ¢14] o] golalti= A o] AA N F A9 Aal Aol 7t dojx = o] gith ut

2hA] A 2AME v O gl Fte] Algte] Q14 JhEel S=012 =HEAl dis giete 2 AAgskelt.
o] 71 2 o] Aasit) AA mHEAS 7502 ¢HER7L0.10] HEE 7]E A FA 9] Al2e] o)
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(1) 60km/h =2

715 18 7F2 9} M2 9] do]7F 200<600(cm )©|th A€ 60km/he] £ =2 g2|W 1% ¥ 18m
S35 B3, A xHTAZE 7L 0.0622 2 AP A AAE 0.1Y wje] BekHTE A
oh Wb s=019 we] 2710 W] Sle) aa p= S0 e Be) p-os g 2RO A & n.
= 71319 = HIAE 200<960(cm ) 0.2 AT 2 Q 7} 9t} o] 9f GAFS HbH o 2 B o L Al o) 3t
2L 7)15=S A5 Table 83 Zo] Aeld 4 9}

Table 8. Length of 18m (unit: cm)
item signl sign?2 sign3 sign4d letterl letter?2
horizontalXvertical 200X960 60X769 120X769 140X769 220%x520 230%326

Qo] ®oll e} 7] 319] 7tz ok A2 o] Aol BlE 200x<960= 4 ske] A 8P Figure 173} 21, ¥4} 19)
7hE o} A 2o Zo]o] H]E 220X520%2 A5t A A5 Figure 187} 2T},
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o b $ =019 9] 271e) 2] 91 8ak p= V1 g Ba) = 108 & RO R 9S4 Ak Z, 715

S
] L=RRAIRE 200x1198(em ) 22 A P 2 7F It of o FARE P 0 2 o A T del] iRk Al = 71s A
&1 Table 99} o] AJe]d <= ek A1 60km F ko] TATE W02 Wi FA] theh thek: Table 99k 2.

Table 9. Length of 24m (unit: cm)
item signl sign2 sign3 sign4 letterl letter2
horizontalXvertical 200x1198 60>x968 120%X968 140%<968 220X663 230%x423

(3) 100km/h =2
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Table 10. Length of 30m (unit: cm)
item signl sign2 sign3 sign4 letterl letter?2
horizontalXvertical 200%x1439 60x1170 120x1170 140<1170 220%806 230%519
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Figure 22. Compression letter
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