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Fast vehicle-mounted road elevation survey system

HAN Yi, MA Jian, SONG Hong-xun
(School of Automobile, Chang’an University, Xi'an 710064, Shaanxi, China)

Abstract: Aiming at the low efficiency and poor error control in artificial elevation survey, this
paper presented a fast vehicleemounted road elevation measurement method based on GPS and
inertial principle. On the basis of GPS, attitude sensor, incremental rotary encoder and other
sensors, the latitude, longitude, altitude, vehicle speed and pitch angle of the vehicle were
measured when the vehicle was driving at high speed. The pitching angle integral elevation and
the GPS elevation were calculated respectively. With these data, the elevation of the road was
calculated by employing date fusion method. Finally, an experiment was given to verify this
system and the error analysis of measurement was made. The research results show that by using
the method of vehicle-mounted road elevation survey system, the average error of road elevation
survey is 15 cm at the vehicle speed of 20 km/h to 50 km/h, and the measurement correlation is
more than 99. 9% . This method is simple, efficient and easy to implement. It can be used for the
rapid and accurate measurement of vehicle-mounted road elevation. 3 tabs, 7 figs, 9 refs.
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Fig. 1 Principle of measurement system
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Fig. 3 Contrast curve between leveling instrument and

attitude measurement system
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Fig. 4 Contrast curve between leveling instrument and

GPS measurement system
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Tab.1 Integral error of attitude measuring sensors
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Tab.2 Comprehensive error of road elevation survey

system and accuracy analysis (GPS good condition)

GPS 122 /m| W it 1LFE/m %ifiﬁ %ﬁ%f W1/ %
10 0.07 1 7.0
20 0. 10 2 5.0
50 0.10 5 2.0
0.1 100 0. 10 10 1.0
200 0. 10 20 0.5
500 0. 10 50 0.2
1 000 0. 10 100 0.1
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Tab.3 Error analysis of experiment data at different speeds

%5/ (km « h™1) 10 20 40 R RS
15 /m 0.318 0.179 0.112 0. 203
&K /m 0. 603 0.317 0. 386 0.435
/N /m 0. 001 0.002 0. 001 0. 002
Jr 2% /m? 0.031 0.007 0. 006 0.015
FrUEZE /m 0.177 0.085 0.079 0.114
LIP3 0.999 0.999 0.999 0.999

2o 3 B AT DL 72 S B v A

;Y%rj A2 & A % 143
55
§50
ol
a0
350 100 200 300 400 500 600 700 800
17 3 B FES/m
(a) GPST3 3 I ¥ T = 72
151
<:
ﬁlo-
<_
M 5t
|1|
0 100 200 300 400 500 600 700 800
47 B B FES/m
(b) GPSTEA %
43
g4 ‘\ .
%41 N
: y
i 40
% 39 e
38100 200 300 400 500 600 700 800
4738 B FES/m
(o) H¥E Rl & J5 f B% TH AR
B 6 SR FH RO Rl A O 1A B Y 3 e AR
Fig. 6 Road elevation using data fusion method
15 ;
£ — Ry % it
Siof KEGNE
i =
= 5
S e
0o 50 100 150 200
173 B FES/m
(a) K HEASCE KW 4210 km/his 0 8 5 E i 2%
14
g 12
E‘ilo
8
o
E oy
£
0 50 100 150 200
A7 4 L FES/m
(b) 7K ¥ X 5 4 M 220 km/hit U & % Bl 2%
15
a — R 8
= 10 === 7K M5 B
e
i
= 5
8
0 20 80 120 160 200
47 3 B FES/m

(c) KHAEAL 5 AWl 4240 ke /his P & %F L il 2
7 S g S 5 K kA Ll 2
Fig. 7 Contrast curve between measured
results and leveling instrument
it 5 7K AN 22 540 A S R R E B 9904, - iR
260 20 em Ay, MBS B 488 Al F L 10 km/h
R ) I AR G R 22 i K, nT R B30 em A Ay, T



144 ¥ERXFFROGAAFR

2015 %

20 km/hF1 40 km/h A B R G iR 22BN, H
JERAE T 228 AE 10 km/h 22 A7 BF 20 0 4 e 5ok B
DAYEFRREE - 25 5 1 B4 S A5 W A8 Ak, 3 B0 8
EIREW KNI IN ARG iR 2. TR R,
G0 4= ) D0 4k 3 R 7 4 il 7 20 ~ 50 km/ho, 78 3%
HHEEEN, RGN EIR2E R 15 cm 247 &
FHEMELE 99. 9% L I,

7 & iE

I A S T 2 2850 i 1 J% 3% SR 46 16 4 0 IR A
R LA AT Bk AR RS LA S GPS SR& 1Y 4K
Bl 20 T — Rl o A A B AR A

(2) 38 35 K 2R S IR AD A7y B A7 3l LR DA B 9 5
BG-GB R 4 A KA B e R o R 0
K RE gt T A OC I RS B .

(3) %8 W 4 J7 ¥ AT 1 S SR A0 A T R GE L
HIRE RGN R ELA R 15 em, P 540 CMETE
99.9% A k.

(4) 2R FHAS SCHE M I 00 DA 4 38007 kA7 8 %
e R A T AR R b AR N 55 Sl ok B2 4 i 0
e R DN AR, LN B R T I T A RN SR A R

S 3k
References:
(1] B4, IhvEN, &= 7 KR Excel %

25500 RE LI oy N A LT fE L2 2013, 19
(32):201-203.

YANG Bao-hua,SUN Zhi-gang, GAO Shu-liang. Ap-
plication of electronic level and excel in + 255 settle-
ment observation [ J ]. Value Engineering, 2013, 19
(32):201-203. (in Chinese)

BT, T 4 ol SR o 1 i AR 0 e B FH 0 T LT . 4
JEM RS 4 TR, 2013,41(1) - 39-42.

TAN Ming-zhe. Application analysis on high journey
measurement by full-stand instrument level law under
the shaft[ J]. Metal Materials and Metallurgy Engi-
neering,2013,41(1) :39-42. (in Chinese)

[3]

L7]

[8]

AoOBRLWE AR K OME R Al 0 R 4 U vk Y
[J]. TAEHh%,2012(5) . 77-81.

DU Qiang, MAN Song. Research on the method of
leveling by using total station[ J]. Geotechnical Inves-
tigation & Surveying,2012(5):77-81. (in Chinese)
K SR D E = R D e A R gk CP I & o (3 17
FALDI. JU#B - P4 R 3238 K%, 2014,

ZHANG Yi-liang. Application of photoelectric trian-
gulated height measurement in measuring high-speed
rail CP[[[D]. Chengdu: Southwest Jiaotong Universi-
ty,2014. (in Chinese)

G AR A A = A R R AR K SO
DU 32 P00 O e e [0 ). 0 25 45 =5 ) b B A O, 2013,
36(11).:247-248.

CAQO Peng-liang, CAO Ren-jun. Alternative method
of trigonometric leveling measurement of total station
to leveling for bridge pre-loading settlement observa-
tion[ J]. Geomatics & Spatial Information Technolo-
gy.2013,36(11) :247-248. (in Chinese)
db= B A AL du K GPS #ByeHLLZ]. Jb 5T . de =)
SEIE N H] .2013.

BDStar Navigation Co. Ltd. BD Tianxuan GPS receiv-
er[ Z]. Beijing: Bdstar Navigation Co. Ltd. , 2013. (in
Chinese)

Innalabs Holding Inc. Attitude and heading reference
system INNALABS AHRS M2, M3 User’'s Manual.
Revision 4. 3 [ Z]. Ukraine, Kiev: Innalabs Holding
Inc,2003.

OMRON Inc. E6C3-A Optical Rotary Encoder[Z].
Kyoto: OMRON Inc,2012.

WL EAAM R E SIESBENAGHFR
IREUEP BT SM P AR L] ERIR R R
MR RELE I 2015,27(1) . 37-43.

LI Gang, CAI Cheng-lin, LI Si-min. et al. Robust a-
daptive Kalman filter in kinematic positioning [ J].
Journal of Chongqing University of Posts and Tele-
communications: Natural Science Edition, 2015, 27

(1) :37-43. (in Chinese)



