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Abstract

It is important for highway maintenance and safety assessment to get the accurate highway geometric
information. However, it is difficult to acquire good highway geometric information due to missing blueprints or
deteriorated highway sections. This research, to get highway geometric information rapidly, has developed a
highway geometric analysis algorithm that uses data from wvehicles with GPS-IMU integrated system. In
conclusion, the result shows that 3.38% of error-ratio for the horizontal alignment and 0.083 absolute value
difference for vertical grade comparing with highway drawings. Therefore, the result suggest that the developed

method can be applied to the road safety inspection or road safety audit.
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(a) GPS Antena

Figure 1. Sensor for data collection
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Figure 2. Test section
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(b) IMU Sensor
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Tangent Section

Py

Curve Section

(a) Heading
Figure 3. Varation of heading and roll
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H, H,—H,_, 0.002(0.074
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Table 2. Result of horizontal alignment variation

Coefficient Correlation Coefficient
(P-value) (P-value)
H, 3.202(0.000) 0.049(0.000)
HA 59.303(0.000) 0.775(0.000)
H, 4.618(0.243) 0.001(0.924)
R, 3.378(0.000) 0.029(0.014)
R -3.436(0.000) 0.061(0.000)
R, 154.129(0.392) 0.009(0.430)
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Table 3. Analysis result(horizontal alignment)

Section Floor plan R Result_R Error(%)
Curvel 1000 1001.486 0.15
Sta.167.500 - Sta.163.061 Curve2 700 705.596 0.79
Curve3 800 842.161 5.01
.| Young- Curvel 910 912.816 0.31
Astig;lls HD(})lng Sta.189.600 - Sta.188.240 Curve? 1912000 1?;2251 222
lghway Curve . .
Sta.209.940 - Sta.206.440 Curve2 1250 1309.612 455
Curvel 850 829.671 2.45
Sta.227.300 - Sta.229.060 Curve2 1200 1105.984 8.50
Curvel 440 442.132 0.48
Curve2 680 678.781 0.18
To Seoul Curve3 530 553.124 4.18
Curved 420 403.950 3.97
Curveb 420 417.347 0.64
Test | Arterial Curve6 420 411.499 2.07
Section 37 Curvel 420 408.838 2.73
Curve2 420 454.197 7.53
To Hyeonri Curve3 420 407.083 3.17
Curved 530 571.804 7.31
Curveb 680 635.641 6.98
Curve6 440 434.256 1.32
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Table 4. Result of critical value(x,)

Critical Value Floor plan
0.04 0.05 0.06 0.07 R |Transition Curve
Sta.167.500 Classification | Classification | Classification | Classification | 1000 Exist
- Si'a 163 061 Classification | Classification | Classification | Classification | 700 Exist
T Classification | Classification | Classification Not 800 Exist
Analysi Young-| Sta.189.600 | Classification | Classification | Classification | Classification | 910 Exist
Szit}ilsrlls Dong | - Sta.188.240 | Classification | Classification | Classification | Classification | 920 Exist
Highway|  Sta.209.94 Classification | Classification | Classification | Classification | 1100 Exist
- Sta.206.44 | Classification | Classification | Classification | Classification | 1250 Exist
Sta.227.300 | Classification | Classification | Classification | Classification | 850 Exist
- Sta.229.060 | Classification | Classification | Classification | Classification |1200 Exist
Classification | Classification | Classification Not 440 Exist
Classification | Classification | Classification Not 680 Exist
To Seoul Classification | Classification | Classification | Classification | 530 Exist
Classification | Classification | Classification | Classification | 420 Exist
Classification | Classification | Classification | Classification | 420 Exist
Test |Arterial Classification | Classification | Classification | Classification | 420 Exist
Section| 37 Classification | Classification | Classification | Classification | 420 Exist
Classification | Classification | Classification | Classification | 420 Exist
To Hyeonti Classification | Classification | Classification | Classification | 420 Exist
v Classification | Classification | Classification | Classification | 530 Exist
Classification | Classification | Classification | Classification | 680 Exist
Classification | Classification | Classification | Classification | 440 Exist
V. SEME B4 b, ERPG=} 71 e AR (L) 0.065 Y
%om, Table 5elle A9 (Span) &t YA K,)
1. SEME 22T} e 2FEEEE At B AS5E AR &
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BTN e] RN FURAS pRee A AT FATAS PR WARK =005l T
(K )S FUAGA ARG W3 BA)] =t 2 EREERE 79.21%2 et 3973k 53
TR =AdE ERH(AYHY, Y] 2 F)o=
Table 5. Span, critical value, CCR(%) Ak W] Aol Qe BF A=t @A vERd
Span Critical Value(X,) CCR(%) Ao goiEnt
2 o e FAke R0 ANE FRAge] Aoz Aol
49 0:05 75:97 ZH Fa s AARIY. HAE 31 =it
48 0.05 75.17 Bitatel= 0.083, 24 0.01, Wl 0.372 Yo
46 0.04 72.08 5, Table 69 A48l
43 0.04 63.92
42 0.04 61.87 o
40 0.04 51.73 V. 28 ¥ 5 oi7atA|
39 0.04 48.05
33 0.03 29.61 )
39 0.03 28 14 SRR e wBAt R, B2 §A3E 2
19 0.02 16.75 T2 oA Hrt So 038 AFeHT a8y, =
0 0.02 oAl o $A % m2e 44 B GO A% 4G Aol ¥
16 0.02 16.31 ) - § _
o 001 651 Y3 FAAAE PR R FHA AL 2AR
5 0.00 16.31 o} wheha, B A= GPS-IMU g4 280
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Table 6. Analysis result(vertical alignment)

Floor plan Result Difference in
Absolute
Grade (%) | Length (m) | Grade (%) | Length (m) Value
Grade 1 -3.915 450 -3.705 520 0.21
167.050

163,380 Grade 2 -1.485 160 -1.605 260 0.12
Grade 3 -4.995 1210 -5.155 1040 0.16
Analysis |Young-Dong 189.600 Grade 1 -1.113 580 -1.130 580 0.02
Section | Highway -188.240 Grade 2 -2.427 500 -2.450 440 0.02
_22%%%:2% Grade 1 -4.998 2520 -4.885 2520 0.11
-222229?())06% Grade 1 -5.000 1510 -5.020 1540 0.02
Grade 1 0.595 560 0.57 560 0.03
Grade 2 1.328 520 1.475 940 0.15

Grade 3 1.627 400 - - -
To Seoul Grade 4 2.188 1120 2.17 1140 0.02
Grade 5 3.14 740 3.175 380 0.03
Grade 6 3.963 400 3.84 300 0.12
Test Arterial Grade 7 1.607 150 1.235 160 0.37
Section 37 Grade 1 -1.607 150 -1.57 140 0.04
Grade 2 -3.963 400 -4.045 340 0.08
Grade 3 -3.14 740 -3.195 300 0.05
To Hyeonri Grade 4 -2.188 1120 -2.11 1240 0.08
Grade 5 -1.627 400 -1.555 320 0.07
Grade 6 -1.328 520 -1.36 280 0.03
Grade 7 -0.595 500 -0.605 480 0.01
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=T 93.22%% UER o, BAEFIt] 283}
o AZA], Hit kgl 3.38%= Uegth B3 %
AN A3} g3tpds FEs] A9 A
(k)& 0.0622 AHste A9l FAFIe AT
Ztel helads Rkt

THAE EXAT, AARK(K =0.051)0 ©WE EF
BT 79.21%% Jebston, HAET| 285
ASA, THEAN] Adlgk 2lel& 0.08322 e}

& AT e e a2 @HHSd 9N, F27

3
H o

A T s Qe

nelFe Aden, A%

U, g AFoIAE A9

o vl Agol Dt

2}
M
Y
>
A

A B W4
SR 670, FWHAL TN
84 B 18
EERERLRE

68 Journal of Korean Society of Transportation Vol.30 No.5 October 2012



PARK, Jae-Hong * YUN, Duk-Geun - SUNG, Jung-Gon * LEE, Jun-Seok

ACKNOWLEDGEMENTS

This research was supported by a grant(10-03) from
Implementation of More Efficient Transportation System
Program funded by the Ministry of Land, Transport and

Maritime Affairs of the Korean government.

REFERENCES

Cafiso S., Cava G. L. (2009), Driving Performance,
Alignment Consistency, and Road Safety, TRR: J.
TRB, No.2102, pp.1-8.

Jeong D. H., Yun. D. G, Sung, J. G. (2006), A Study
on the Superelevation Measuring Accuracy using
GPS-INS Integrated System, J. Korean Soc. Transp.,
Vol.24, No.2, Korean Society of Transportation,
pp-79-89.

Jung E. B, Joo S. H, Oh C,, Yun D. G, Park J. H.
(2011), Algorithm for Identifying Highway Horizontal
Alignment using GPS/INS Sensor Data, Int. J.
Highw. Eng., Vol.13, No.2, pp.175-185.

Lamm R., Hiersche E. U, Mailaender T. (1999),
Examination of the Existing Operating Speed
Background of the German Guidelines for the

Design of Roads, Highway Design and Traffic

thetw S ets x| 30 5%, 20124 10

Safety Engineering Handbook, McGraw-Hill.

Lee J. C., Lee Y. H.,, Ha D. H,, Jung Y. H. (2007),
Extraction of Superelevation on Road Using
Surface Laser Scan Data, 2007 Korean Society of
Civil Engineers, pp.3586-3589.

Lee J. S., Yun D. G, Sung J. G. (2010), The Cross
Section Evaluation With The Rotational Laser
Scanner, Int. J. Highw. Eng., Vol.12, No.4,
pp-71-78.

Lee U. J, Lim Y. H,, Jo Y. H. (2002), Division of
Homogeneous Sections by Genetic Algorithms, J.
Korean Soc. Civ. Eng., Vol.22, No.4-D, pp.659-
667.

Mitchell Cramer (1997), GPS/IMU Integration.

Ryu J., Gerdes J. C. (2004), Estimation of Vehicle Roll
and Road Bank Angle, 2004 American Control
Conference, Boston, MA.

Ryu J., Rossetter E. J., Gerdes J. C. (2002), Vehicle
SideSlip and Roll Parameter Estimation using GPS,
Symposium on Advanced Control, Hiroshima,
Japan.

Yun D. K, Jung D. H., Sung J. G., Lee S. H. (2006),
A Study for Measuring of Cross Slope Using
Instrument Vehicle with Multiple Sensors, Int. J.
Highw. Eng., Vol.14, No.2, pp.105-116.

S FHLAN  HAYS
S WAXA : HYE
& =EFaY 2012 2 2
& =aaAd 2012, 6. 6 (1R
2012. 8. 19 (2%}
2012. 9. 23 (3%h
2012. 10. 11 (4x})
AAtEEY ¢ 2012, 10 11
g 2013 2.28

69





