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Design of vehicle-based POS performance evaluation system based on
multi-sensors’ composite measurements

Zhou Yanglin'? | Li Guangyun'?, Wang Li'”*, Zhou Shuaifeng’ , Zong Wenpeng'*, Dong Ming'~

(1. School of Navigation and Aerospace engineering, Information Engineering University, Zhengzhou 450052 ,China ;
2. National Key Laboratory of Geo-Information Engineering, Xi'an 710054, China; 3. 61206 Troops, Beijing 100000, China)

Abstract ; position and orientation system ( POS) is one of the most important components in mobile mapping system, whose position and
orientation accuracy attracts considerable attention. By using total station, laser tracker and GNSS timed device, this paper designed a
compound dynamic accuracy testing system. The measurement method of dynamic position accuracy testing for POS is also focused,
which utilizes the time statistics of single measurement and curve fitting to calculate the measurement error. After eliminating gross error
from the raw observation data, the ICP (iterative closest point) algorithm is used for modifying the trajectory of total-station system. As
a result, the dynamic measurement can be enhanced by comparing the high-accuracy trajectory of laser tracking system and the total-
station system. Outdoor experiments are carried out to verify the proposed calibration method, in which the overall trajectory comparison
and real-time comparison are applied for testing the dynamic position accuracy of POS. Experimental results indicate that the designed
evaluation system can be used for testing both real-time and post-processed dynamic position accuracy of POS.

Keywords : position and orientation system ( POS); dynamic accuracy testing; iterative closest point ( ICP) algorithm; trajectory

correction; error analysis
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Fig.1 Composition of dynamic testing system
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Fig.2 The measurement time statistics of total station
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Fig.3  Error detection on Z axis
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Fig.4 Schematic diagram of trajectory correction
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Fig.5 Comparison of trajectory correction

HT 1D S R, DABRER AN 5 5080 DAy e, o 4l S0
SRR TG IE )G, 40 A3 2 2400 R R B 4R
A B Bl e R 22 NB AT 5. 15 mm [E R
0.75 mm,zginiRZEMBIER 2.4 mm %% 0.8 mm, i
FR2ZEM 12,7 mm % 5.2 mm, X HSCIRRAE T —
AR 1A SO 7 22 W AT AT - SR T Al A BR R AX
(] i SR B 00 S, o 22 30 o R B S A 30 3 L P ) v K
JEE I et KA A6 T 4 ol A SN 5 0040, DT S8 B M R 2 1Y
FE AR P82 1) v AR B K

5 WNKBERRDN

S DX HA Bl BRIE , I X AN TET 6 B, B
BAEME 7 o, Hh B @KL IT LR, BK
1.5 km, BEO0 R 5 2R AR A5 W I 9 GNSS 4 A5,
AT TR R A B R, L RE (V0K JEE A mm 25 HiE AT



810 & I £ ¥

38 %

T DX IR AR RSB0 T FH ) BB, G — R AR P )
120 m B2k #% B Mg At ) 200 m B2k #6 B A4 T ik
B AE 20 km/h P 3 PointA 5 PointB K SZ I I 3l 2546
MR GAR B C AR,

Ko =M

Fig.6  Outdoor experiment field

K7 BEAE
Fig.7  Outdoor field operation

SEHINF, POS i AR B E oy 200 Hz, 0GR ER X
FATR B A 1 000 Hz, 4= 0 4300 B H 400 1 B
17 Hz, FEAT 50N 50 A, W06 SRR AL 70 A8 B 0 5 4 2
T 0. 495 mm, POS %y Hi 1) S ] A B2 Ay 7K - J7 1]
29.9 em,FEH 51 30.0 ecm, &5t post-processed gt
e 8 P BT A A B B K P- D7 1] 1. 98 em, TE B S
[A] 4.89 cm,

T A BRI 5 P ) R pth 2 40045 D 0o 4l AL
P IEATIRZ IR IS , R LA R 73620 0% POS RGeS 5
Ak PN HE R S IS UG P AT o

1) DABRERASCI 5 250405 o B, R B0 488 10 58 0 X
AU A RS TE 5, SR T AR AR B %o L Y 5 120
Rl Z G Ktk 5 POS 5 A BRI 5 45 2R AT X L, BT A4k
g 1 PR,

*x1 KMNRFES POS ZEREBETLL

Table 1 omparison of position accuracy between

dynamic testing system and post-processed POS output

(mm)
=x3ipip | ez ARIRZE 3 [ 12 22
AR 1] 20.9 2.8 43.6
[ZElAD 2.3 12.7 41.3

2) B ARHE , R T SE I R AL L B 5 1R 4
b S i s 5 POS I S0 dls R A X BG4S X0aks dn
2 PR,

x2 KNERESES POS L HBEXTLL
Table 2 Comparison of position accuracy between
dynamic testing system and real-time POS output

(em)

1E 77 0] Bl AR RIniR2E T[] iR 2E
yR| 20.9 28.2 30.6
iZEld] 19.1 23.2 27.4

M 1 MBS AT & B, 5628 sh U 1 A H, 240 B
7 1) R 22 B 0 /DN o 3% 3 B R T R A AR L o)
Fb 5 BsF 3 B I 30T o8, I A — 52 2 A [ s 220 90 o5
T3 A o T 28 2 SR P 52 B 050 67 K B % EL s, N A7 7
LRI, iz g m 538 sh b 1) B 2248 B — 3%, B R
FH #3300 06T P AR 32 B 1) A7 15 2 4 W B A7 A — A
B R BRI . PRI, S 56 3k A P 0 ol i T 3R B A AR Y
lia] R AL i) 32 3, 2545 6 4 5000 0 b %o BE 55080 Ok v 52
POS Zh S K5 .

2) ¥ B A 132 B 5 A PG )38 R A5 R T 4R
e 1 B S T SR PR ARG % E 1) 5 1%, A
WA G AN POS 7K F-J7 1] (ARG B2 A 24. 5 mm, 3 5
4 42.4 mm, 5 POS % th 5 kb BLECHE N AF S AE JE —
S

3) H2 2 B T SR S s 0% L A i, A
i POS SEHS SRS BE /K- J5 18124 32. 6 mm, 1 B J7 7] Ky
29.0 mm, 5 POS SEHFH ST NAF B R — 3L

6 #& it

RS YA At A OB ER OB 5 1 7 5K
TR POS R 588l 450 BE VY 5 T ik BE 78 1 Bt 1 A 1Y
AR ARG o W GETHI R (A] 73 L AL B A
BB IR AR ZE SRR 7 3, 18 Sl A A I AR 0 i AR AR
R L I 8 5 R AR A B BB R 4 15

SCEG I BRER BLE K 2 200 m, 20K 47 22 gl i
JEN 14.3 km/ho SR AR SCER AR & I 1 7 3%, A A
Iy POS 22 48 S ik St A i A BIORS B2 93531 D 7K P T
6] 32. 6 mm, T FJ5 [0 %€ FORTBE  42. 4 mm; K- J7 [f)
24.5 mm, B J7 ) E ALK E O 42.4 mm AN S5 R Y
POS S5 i #2554 BR45 5R N A5 5 6 8 — 2, 3]
T POS LV220 REGERYATHENE . A ST AR 5 48 &
R 7 58w g i 2z P SR A % POS KGN 2 % 5
(S



54

JEIBRIAR 2« 55T A IR R 5 I 1) 22 2% POS g BEAGHIN R G i 811

AL BRI 5 48 Bk I U5 vk, & T B A 3R

B, TOHBRHESGEAE BL T, #5147 POS 2 2505 FE AR I
BT S5 50 4% 1 BRI, A0 % # it GPS, GLONASS Fi
GALIEO T A5 I POS REuHE BN, 4 5 w]
AU RSN AR S BN E A SR &M
B Bl o 7 20 T JRORS A I BIF 5, Sy s N R N 425 AN %
= AR R 55

H AT, ASCXE POS £ 45 3l 485 5 A0k B 4G I e i
7, F—2¥ R A RS, & B, It
POS B8 2 BER BT o[RBT, SE A B[R], 7E A

) £ FF R POS R 40 MU K U 5

[ 1] CRAMER M, STALLMANN D, HAALA N. Direct geo-
referencing using GPS/inertial exterior orientations for
photogrammetric applications [ J]. International Archives
of Photogrammetry and Remote Sensing, 2000, 33(B3) .
198-205.

[2] HABIB A, KERSTING A P, BANG K. Comparative

analysis of different approaches for the incorporation of

position and orientation information in integrated sensor

orientation procedures [ C ]. Proceedings of Canadian

Geomatics Conference and ISPRS  Commission 1
Symposium,2010:15 - 18 .

[3] PINTO L, FORLANI G,LII W. A single step calibration
procedure for IMU/GPS in aerial photogrammetry [ J].
International Archives of Photogrammetry and Remote
Sensing, 2002, 34(B3) . 210-213.

wiBF. —Fhrb B POS & AL & R G R ZE R BT
)] ASRFlEEERE,2008,18(8) :925-934.

YUAN X X. A new method applied for compensating the

(4]

orientation error of POS [ J]. Progress in Nature Science,
2008,18(8) :925-934.

i E. HLEk POS B I AR ZE 5 LB/ #7 [D].
AR INARBHR A, 2011
QU ZH. Research and
calibration of the airtborne POS [ D ].

[5]
experimental analysis on
Shandong :
Shandong University of Science and Technology, 2011.
[6] CHANT O, LICHTI D D, GLENNIE C L. Multi-feature
based boresight self-calibration of a terrestrial mobile
mapping system[ J ]. Isprs Journal of Photogrammetry &
Remote Sensing, 2013, 82(7) :112-124.
TAYLOR R K, SCHROCK M D, BLOOMFIELD ],

of GPS

(7]

et al.  Dynamic testing receivers [ J .

Transactions-American Society Of Agricultural Engineers,

2004, 47(4) ; 1017-1028.

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

#LE. GPS HlHLER &k E i il s S He sl
JTERSEIID ] A A5 B TR ,2002.
MENG F Y. The foundation of comprehensive inspection

places with GPS receiver and the realization of dynamic
evaluation [ D ].
University, 2002.
FHEIE. S35 CPS wAKE Iy ik MiRZE [ D]. KB
M A5 B T RER 2004,

LI J ZH. The method of precision evaluation in dynamic
GNSS and error analysis [ D ].

Zhengzhou :

Information Engineering

Zhengzhou: Information
Engineering University , 2004.

it A 5 Bl 25 0 R A U B AR BIFFE [ D ]
{5 B LAER:,2007.

HE F. A study of precise inspection technology for

FBIM -

dynamic  surveying precision [ D ].  Zhengzhou:
Information Engineering University ,2007.
BHENE, DR EZ5E,5F. RO, S I AR

K H LT, #2431 ,2012,10,2343-2348.

LI J Q, TANG J, FU J L, et al. Dynamic measurement
technology based on dual electronic total stations and its
RN
Instrument, 2012, 33(10) ;2343-2348.

B, KB 55, AR [, AR R A B B 15 U R 4
50 miASE RIS SR L ARSI B A A 0 ] AR AR
41,2007 ,28(S1) ;374-378

LUO Y B, ZHENG Y, XIA ZH G, et al. Inspection and

application Chinese Journal of Scientific

analysis of the kinematic responses for disturbance of the
cable-suspend-feed system in 50-meter-scaled-model of
FAST [J].
2007, 28(S1) :374-378.

ARFEAE , ABGE D, SR A I, 5. WOGERER (U A 1R 22 1Y
BIZEM [T, AR 2441 ,2012,33(2) :463-468.
LINJ R, ZHU J G, ZHANG H L, et al. Field evaluation

Chinese Journal of Scientific Instrument,

of laser tracker angle measurement error [ J]. Chinese
Journal of Scientific Instrument, 2012, 33(2) .463-468.
TR AR 5K, A5 LS/ U H e LA TR
T ] AN FEF#4R ,2014,35(10) :2170-2176.
YUY J, XU JF, ZHANG L, et al. Research on SINS/
binocular vision integrated position and attitude estimation
algorithm [ J]. Chinese Journal of Scientific Instrument,
2014, 35(10) :2170-2176.
B R Tl &
a2z A, 2011

LI G Y, LI Z CH. Principles and applications of the

ARG HAS MM .

industrial measuring system [ M ].

and Mapping Press, 2011.

Beijing: Surveying



812 & I £ ¥

38 %

[16]  JUF % FETHOCHUER A 25 18] AL brofs 2 I -H AR B
FELD . FBM I 45 TR R, 2014,
FAN B X. Research and realization of the high precision
coordinate  measurement  technique  using laser
tracker [D].
University, 2014.

[17] BESL P J, MCKAY N D. Method for registration of 3-D

Zhengzhou; Information  Engineering

shapes[ J]. Robotics - DL tentative. International Society
for Optics and Photonics, 1992,14(3) :239-256.

EEE N

PR, 73 JIAE 2012 4701 2015 45
AR B R R A AR A 2 2 3 FIAR L 2
O, UM ARG B LR R Ao A
EEWIFETT 8 A 2 RS S AUE AR S
RN S R G LA
E-mail ; zhouyanglin@ 126. com

Zhou Yanglin received his B. Sc. and M. Sc. degrees both

from Information Engineering University in 2012 and 2015,

respectively. Now he is a Ph. D. candidate in Information
Engineering University. His main research interests include
multi-sensor integrated navigation technology and performance
evaluation of high- accuracy navigation system.

F R, 1987 AETHRINM 22 B ARAs T
SR AL, BUOM RS B AR R 0
5K AR TR B S, B
75 1) Ak AR Tl & | S H B 5
FURE 5 o AR 55
E-mail ; guangyun_li@ 163. com

Li Guangyun received his M. Sc. degree of engineering in
1987 from Zhengzhou Institute of Surveying and Mapping.
Currently, he works in School of Navigation and Aerospace
Engineering Information Engineering University as a professor and
doctorial supervisor. His main research interests include precise
engineering and industry measurement, navigation and location

services and applications.



