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ABSTRACT

In this paper, we introduce the software/hardware system that can reliably calculate the position of the model from the sensors regardless of point
cloud density in an outdoor environment. 3D point cloud map is used in various fields such as construction environment and autonomous driving as it
provides 3D information. As different methodologies and sensors are used in the process of generating a 3D point cloud map, the density of the result
should be inevitably different. Generation of specific points is essential as evaluating accuracy of a 3D point cloud map or merging different 3d point
cloud maps can be done based on these reference point. Currently, method of placing an object such as a band with high reflectivity at a specific
location and manually extracting a point that is judged to represent the object is used to generate a specific point in the point clud. The result of the
manual process has a significant difference depending on the Lidar sparsity level and the person performing the process. To overcome these problems,
this paper presents a hardware design that can generate specific points in the 3D point cloud map independent of the robust outdoor environment and
Lidar sparsity. As will be shown, the system performance is verified at both indoor environment and outdoor environment. Furthermore, two different
3D point cloud map generating methods with different density levels of the output were used to verify the methodology.
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Figure 1. Model picture: front side

Figure 2. Model picture: upper side

Fig. 19141 818 4= Se] wlo] 2 Wl 4 245}
1 skl 4302 798 LS AR, T A

MrE N2 WE o2 Batshs Ao S4%e o 1
S e & 915% . ol ejefl= E45 ] HX]Oﬂ
19l ojHo] Yolglom e Fgt 9x|of GPS HEL ZolA

3 578 e] ddf 2 AAE IRIT 5 = 5, e
F5oll FaL RRISHAT Fig. 20014 Uehb:, & BHe 5
A S 7R B wAlshe A1E A ARIAE
e

4. X1SEtE He W S F2

A ZZ 732 Jung et al.(2021)2] HHE0]
A HH 52 AE AP R HRE 202, high intensity
extraction ZH7go] glojFTtal £ &= QI Fig. 30]4] HA| 4]

=
4
oy

12|

Plate
Extraction
(hand)

Hardware
Position
Calculation

Figure 3. System Flow Chart
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Figure 5. RanSaC result
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Figure 6. Singular Value Decomposition result
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Figure 7. Husky System & Sensor System: Upper picture is the full
husky system. Paper’s Sensor system is in the red box, which is same as

the lower picture. In the lower picture, blue box is the Velodyne
VLP-32C Lidar sensor and green box is the 3DM-GX5-25 IMU sensor.
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Table 1. Experiment results: data acquired in both indoor and outdoor. Used LIO-SAM and FAST-LIO2 to generate 3d point cloud map.

indoor outdoor
LIO-SAM FAST-LIO2 LIO-SAM FAST-LIO2
X 6.2524 m 7.760Tm 7.9725m 9.1222m
hardware1
y 4.8853m 1.4560m -4.6569m 1.1232m
2.9903m 2.7007m 1.5087m 2.0966m
hardware2
y 1.0509m 1.5067m -1.9862m 1.2264m
distance 5.0343m 5.0597m 6.9938m 7.0264m
error 0.034275m 0.059654m 0.006192m 0.026358m
error rate 0.6855% 1.1931% 0.0885% 0.3765%

Figure 8. Hardware Setting for In/Outdoor Experiments: Upper pictures
are positions of each hardware at outdoor. Lower pictures are positions

of each hardware at indoor.

Th. Fig. 8014 £ A4 st=9019] AlES Hotk ZHA5]
2RI 4 Stk F5TE AulQ] HlolH Z-Zto] LIO-SAM}
FAST-LIO2 ®P¥HS 2-85t0] 32h H HS 3o, 2
=20l 270 S ARESto] 2t StEgo1 2] YAIE A
o 2 3] 7] AE AlLtsto] Rl Sm, Tme} ] w5}
of ZFA QA 22} 5 FE=E ALISIAH-
Table 194 Auj9] A ] 23} 5l o E gl 4= -
o] A= 0.1% v A EA= 1.2% W= 2 A
o138} 4= Itk Jung et al.(2021)°] H]5}o] @ 21&-2] HA}
A| QA Wb oH, 53] Ae] dge] Hetee= IA| 7N
2 2Rl & 4= Qlrt. SolHolad, Mol 9t ¢
O FAST-LIO29] 237} 235]8] 2x180] f £& ZH3A
B Qitk= Zo[th o]i= Direct Method2h= £/3/4} 2folth

o ode fo
F m Jﬂn—;{‘;‘

o mfr

A7} A7 B e 285t 32k AT B
FAST-LIO29] E4 w0 & AR HT) LIO-SAMY] 79,
7} ot} ol A Hit 7R EAF S &3] SLAM
o]l ARESHEE, L =Foll A AR EH B st
019 L2/ A=t W A/ TAoll A Hek fefet HE 7 A

-
e

o yiekgck A Agle] At ofe] 3ol Fuprtn
o} A3l A E35E AjA o 2w A 3k oA EXAH o2
e 2 Gl 9 BAEC] F5h BTk B ofe] 349 o]
wjole} Lm} whebA, £ A39] Aol LIO-SAM
I} FAST-LIO2 &A1) ApA9] @ A7 akehd ZAvele 4
SIS *E‘HM Shg, 123 ot o wE 2 He =
o7} Qlekar sk 4= Qlrk

6.2 2

2ROl 39 BT 9] HE S W AR O3

490 o] J oI 7| EHOE AT 4 U B
B T S=A0IE AU, A SH=S 110191 39,

A U 9 ofg] §9 o
8 11c} ol el SEESlole] <1 4, B
23h2o] GPS AA9H e 2714191 AA1E TobA] ¥ A2
o gl 597 Alole] A2 1| LS Fsto] M} 2 2O 3
A1) A wlo) Mok et Welsh ) Wohe 4 ks 4
o] ek

oIS 2 S A0l A8 54 23 o 12 Ul

73 578 BT 4= AAL, dlolE A 2geflA
Aol I %017}°F 51= Tk Jung et al.(2021)2] B
£0] H[5H &= HolA= OWT o] &A3lt}. £ =79

Korean Society of Automation and Robotics in Construction |



2|0t Ht B0 2ot Mo Y EYH MY VI EA H ei2E

0

=g o]0 Jung et al.(2021)2] A0} H Intensity F2 2
&3 " o] 7HsS 752 ST A9 He o]
AsekE £ A BHo] ARgo] 7hs s ZolE R, o]
2t F7HA Q] 54 A7} X =] ofop & Aol

ALl =

o] A= RAENZH/AENZIH7&X18-Ho] AlFst
I T2 ZA T SES R “AntEAL S N ST R&D
AQY(THAHZ. 22SMIP-A158708-03)°9] | Y0 & 53] %]
Utk

References

Fischler, M. A., and Bolles, R. C. (1981). Random sampleconsensus: a
paradigm for model fitting with applications to image analysis
and automated cartography, Communications of the ACM, 24(6),
pp. 381-395.

Forster, C., Carlone, L., Dellaert, F., and Scaramuzza, D. (2017). On-
Manifold Preintegration for Real-Time Visual-Inertial Odometry,
IEEE Transactions on Robotics, 33(1), pp. 1-21.

Jung, S., Jung, M., and Kim, A. (2021). Map Error Measuring Me-
chanism Design and Algorithm Robust to Lidar Sparsity, The
Journal of Korea Robotics Society, 16(3), pp. 189-198.

Kwon, T.-B., and Chang, W.-S. (2014). A New Method for Relative/
Quantitative Comparison of Map Built by SLAM, The Journal of
Korea Robotics Society, 9(4), pp. 242-249.

Shan, T., Englot, B., Meyers, D., Wang, W., Ratti, C., and Rus, D. (2020).
LIO-SAM: Tightly-coupled Lidar Intertial Odometry via Smoothing
and Mapping, 2020 IEEE/RSJ International Conference on Intelli-
gent robots and Systems (IROS), Las Vegas, NV, USA.

Xu, W., Cai, Y., He, D, Lin, J., and Zhang, F. (2022). Fast-LIO2: Fast
Direct LiDAR-Inertial Odometry, IEEE Transactions on Robotics.

210, MMZRE REO| XIS EEY & Us ATEY01/SIEI0 AARS AJHBICE 3RM H M2 3Rt
f=1i=1g

2 x|
= =22 0122120l 0| L] 2ot K| o2
2 22 FZE 4 UCH FEHOR QI610] 244 B U XIS X8 S 0f2] £Oj0IA

2T
ElL I—IO AEOE ==5 0;1 EIII-IQ I:I|>I:L tCI>I'A|O

FEot
LA #Ct Ol={et

o —— =

L To

oo =2

SHAE0] : 3AM F Y M= &7, 20|t} sl4Y, &, HH 1Y

=0
29| Z22 0I510] Z7B9| A Sei5| X0k LY EICH 0213t TS 2t 3R
=) EXIFO| MA0| LAMO|CH SIXf HIAKS0| 52 HIEQ} ZHS SR|Z HOIE 23R WO
|-Ro|-|:|- OlE;I StAE I[EA“AO' 247 |.
RIS I25p7| A510] & =20 A2 B 2/0[Ct SN ST 3K H BN SHES
OFBICE, AIAE) M52 ALY S} 49| BZUIN YSECN, ZWZe| U} T2 £ I}

‘ZA' b 3AME i HOl A LHOIM AR A2t g

o
:\:

HET T7h U N2 T2 F2 1ol Ha 1E0l= 71Z0|
SIXI0 S0P 2 MK, o S Charpictn Bt
r0|tr S AT TR2AAS 80K AR T2t 4Z3tRI017}

45t 4 Ol SIERI0] S A
3101 HS TR

>+>0

OK)O

oo
X SRIR ST U A WS A}

| VoliNo.



