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A new magnetic map generation method using magnetic segment features
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Abstract; To solve the difficulty of generating magnetic maps in magnetic guidance system and improve the poor
applicability of the existing methods on multi-intersection mapping, a method applying the feature of magnetic
segment is proposed in this paper. First, IMU, odometer, and magnetic ruler were used to collect the road magnets
data, and then the data were divided into magnetic segments based on the signal magnetic segment. After that the
features of the magnetic segments were extracted from the sensors data, they were matched and loop closure
constraints were established between the segments. Second, by using the improved graph-based optimization
algorithm, the influence of error constraints was reduced. Finally, the corrected magnets were obtained from the
optimized graph and the magnetic map could be generated. Based on the experimental results of a real road, it can
be concluded that the method is simple to operate and the obtained magnetic map is accurate with high global
consistency. The guidance experiment also verified the usability of the method. Therefore, this method has a wide
applicability on multi-intersection mapping and it can effectively generate magnetic maps.
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Fig.1 Link between magnetic segments
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Fig.2 Magnetic segment
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Fig.4 Factor graph representation of a graph
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Fig.5 Experimental scenario
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Fig.8 Comparison with a true value map
SCHR[ 6-8 145 11 T wE % T Hb &1 1 Jy A FE X T =
TS A B R T b L 1Y) Sy B R T LY
S5, PG, Ry 1 9SS ST 1Y) b P ARG B, AR S
fifi FH RPE ( relative pose error) RS e v gk R
AL SR Y 22 .
FH s FORBEET BEh WS AR BEET 1Y IR, o 3R
PNAHRBTEE TR LRARRS T 1H AR AR 2R ) i £, U)X
BT FIREET i + 1, TEEAHME D A

S = (xi+l _xi)z + (yi+1 _yi)27
a; = arctan(yi+l - yi).
Xigp X
TEAR S e i v A
s: = (B =27+ (yiy =907,
&i = aurctan(%i+1 - yl)
Xip %
N RPE {H AT
{As[ =l's, - s |,
Ag; =| q —(3( .
S s o« LA RPE {E, @01E 9 .10 Frs.
...... HSHA]
— etk

i WWW

400 500 600 700 800
ﬁzzejr“f
(a) s fEAFLL

----- FEHA
<1 L Y e B
<o .
-1
) . . . .
100 200 300 400 500 600 700 800
WEEI 5
(b) o fEXTEL
B9 s.albti

Fig.9 Comparison of s and «

1 00 200 300 400 500 600 700
WEET T

e
w

(a) MIXTALLEDRIE s
0.2

O'L’M " Lw W /MJ\M %M /un J\“\N

100 200 300 400 500 600 700
WEIF

1R Zalrad

(b) X LEIRE o
B 10 MxrEiRE
Fig.10 RPE (relative pose error)

XoF b EHERT A3 AT Rl LAAS B AR S i ST 1
Fl,95% L b A REET I R oRE BEAE 15 em T 6° LI,
AT LA EREET S 1 5 oK, T LSRR 1) S 52
Y HGUE T AR SCEE ST B R B T R . (R 2E A
AL B R BORG B I NS 4, 3 2 P TR X S
TR ARFL A, DN 5 32 3 52 Mol (9 2 . 0 2R R A5 0 It
AT AL AR 25 A b ] v Sl T 23 SR 2 T A

5 # %

D) fe i T RESTBe TR AT B ik ROMES 2 i 1
ESTBEE SCRIRE BT BeRe ik AR IO %, 97 1
ETBLRFAE B T FC R AL P R 295 T i A1) FH DE BC 45
AT B B

2) BRI AT 0k i 1k 22 Y TR, 5] A
TR A B 2545 R Xk
AT TRt — 20 Bkt S A SRAIE I RO B )
BRI A 5 AR ) 5 R

3) 5IAT RPE fER Ml £ R iR 22 , iR 22 0 M
TR FIHBE T BRr O 2R 0 5T 4t 15T, At 1RG4
i, AR — B R ECSCIE B SRR T
P AT .

4) FIFHREET BOR AEQ - BT 4 P 548 O 1k i
T 2B RS T HB IR B B ) L i — 2B BB SOR
HOH7 T A i e e P PR B8 LA B S 0] 2 i ]
11 A

2% ik

[1] ASAOKA A, UEDA S. An experimental study of a magnetic ruler in
an automated highway system [ C]// Proceedings of Conference on
Intelligent Vehicles. Tokyo: IEEE, 1996. 373



.28 . MoK O T

PN 551 %

[2] TAN S H, GULDNER J, PATWARDHAN S, et al. Development of
an automated steering vehicle based on roadway magnets—A case
study of mechatronic system design[ J]. IEEE/ASME Transactions
on Mechatronics, 1999, 4(3) . 258. DOI. 10.1109/3516.789684

[3] XU Haigui, YANG Ming, WANG Chunxiang, el al. Magnetic sens-
ing system design for intelligent vehicle guidance[ J]. IEEE/ASME
Transactions on Mechatronics, 2010, 15(4): 652. DOI; 10.1109/
TMECH.2009.2029572

[4] BENTO L C, NUNES U, MOITA F, et al. Sensor fusion for precise

autonomous vehicle navigation in outdoor semi-structured environ-

ments [ C]// Proceedings of Intelligent Transportation Systems.

Vienna; IEEE, 2005. 245

LOPES A C, MOITA F, NUNES U, et al. An outdoor guidepath

navigation system for AMRs based on robust detection of magnetic

—
W
[

markers[ C ]// Conference on Emerging Technologies and Factory
Automation. Patras: IEEE, 2007 989
[6] ZHU Gang, YANG Ming, WANG Bing, et al. A new approach for
autonomous vehicle navigation in urban scenarios based on roadway
magnets[ C]// Intelligent Vehicles Symposium Proceedings. Dear-
born: IEEE, 2014 432
[7] ZHU Gang, YANG Ming, LI Hao, et al.Curvature map-based mag-
netic guidance for automated vehicles in an urban environment[ J ].
IEEE Transactions on Intelligent Transportation Systems, 2016, 17
(12) . 3541. DOI. 10.1109/TITS.2016.2557066
RN, T o) 0TI PRI 1 TN 2 B A S S O T ¥ RIS [ D). B
g FISCE R, 2015

ZHU Gang. Research on magnetic guidance for automous vehicles in

—
oo
[

urban environment[ D ]. Shanghai; Shanghai Jiao Tong University,
2015

[9] YU Yuan, GUO Lindong, YANG Ming, et al. Graph-based SLAM
based magnet map generation for magnetic guidance[ C]// Interna-
tional Conference on Robotics and Biomimetics. Bali: IEEE, 2014 .
2661

[ 10] GRISETTI G, KUMMERLE R, STACHNISS C, et al. A tutorial on
graph-based SLAM [ J]. IEEE Intelligent Transportation Systems
Magazine, 2010, 2(4) . 31. DOIL: 10.1109/MITS.2010.939925

(1] ERSL, B, SRS AL, JOMMBEIRE T 56 T [ {1k SLAM (/5
STk [J]. W/REE Tl K224, 2015, 47(7) : 20
WANG Zhongli, ZHAO Jie, CAl Hegao. Back-end optimization
method based on graph-optimization SLAM in large-scale environ-
ment[ J]. Journal of Harbin Institute of Technology, 2015, 47(7) .
20. DOI; 10.11918/].issn.0367-6234.2015.07.002

(121 A, AT, P oede. J5T R4k i [R] B 10 5 4t P 1) 2
25 (7). HLERA, 2013, 35(4): 500
LIANG Mingjie, MIN Huaqing, LUO Ronghua. Graph-based
SLAM: a survey[ J]. Robot, 2013, 35(4) . 500. DOI. 10.3724/
SP.J.1218.2013.00500

[13]RCEFR, FMASR, 22 E. PG SLAM ZR3R [ )], BRERF ¥,
2016, 11(6) : 768
QUAN Meixiang, PU Songhao, LI Guo. An overview of visual SLAM
[ J]. CAAI Transactions on Intelligent Systems, 2016, 11(6) : 768.
DOI; 10.11992/1is.201607026

[14] SUNDERHAUFN, PROTZEL P. Switchable constraints for robust
pose graph SLAM[ C]// International Conference on Intelligent Ro-
bots and Systems. Vilamoura: IEEE, 2012 1879

[15]KIM J, CHENG J, SHIM H. Efficient Graph-SLAM optimization u-
sing unit dual-quaternions [ C ]// International Conference on
Ubiquitous Robots and Ambient Intelligence. Goyang: IEEE, 2015
34

[16]CARLONE L, CENSI A, DELLAERT F. Selecting good measure-
ments via €1 relaxation: a convex approach for robust estimation over
graphs [ C]// International Conference on Intelligent Robots and
Systems. Chicago: IEEE, 2014. 2667

[17]KUMMERLE R, STEDER B, DORNHEGE C,et al. On measuring
the accuracy of SLAM algorithms[ J]. Auton Robot, 2009, 27. 387.
DOI. 10.1007/510514-009-9155-6

[18]STURM J, ENGELHARD N, ENDRES F, et al. A benchmark for
the evaluation of RGB=D SLAM systems| C]// International Confer-
ence on Intelligent Robots and Systems. Vilamoura: IEEE, 2012
573

(i A4L)



