Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography ISSN 1598-4850(Print)

Vol. 40, No. 3, 169-175, 2022 ISSN 2288-260X(Online)
https://doi.org/10.7848/ksgpc.2022.40.3.169

£ AIBEHS oI5t DHIUUTNARO| HEN B}

o=o=2T
Applicability Evaluation of Mobile Mapping System
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Abstract

Korea's construction industry has a shortage and aging of construction manpower, low productivity compared
to other industries, and a high rate of industrial accidents. The Ministry of Land, Infrastructure and Transport
is preparing for the 4th industrial revolution and is expanding investment in construction automation and
innovative growth engines to improve productivity in the construction industry. In order for new technologies
to be utilized in the road construction field, the accuracy of the technologies and the applicability of each type
of work must be evaluated. In this study, the accuracy of the mobile mapping system was tried to verify based
on the relevant work regulations, and to suggest the applicability of the mobile mapping system to high-speed
driving tracks through data acquisition and analysis on road construction sites. The accuracy of the equipment
used in the study was verified in accordance with the relevant work regulations, and the possibility of applying
the mobile mapping system used for the study to road construction surveying was presented with a maximum
error of less than 10cm in the horizontal and vertical directions. In addition, the possibility of utilizing the road
construction survey using the mobile mapping system was presented through comparison with the existing
method for data acquisition time for construction surveying, production of construction status survey results,
and calculation of heatmap and earthworks. In the future, the use of construction status surveying of the mobile
mapping system will greatly improve the efficiency of construction work.

Keywords : 4th Industrial Revolution, Construction Automation, Road Construction Surveying, Mobole
Mapping System, Accuracy Analysis
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Fig. 19] 871 A5 5 28, AnfEAl, 247
o}, /MR EFIH BOEZEHOE dlo|ele} WSt ¥
©1 95430 ol 274, 2, RAIUGA L 5 715

B3 ARl FOIEZ 9 dlo]eli Tl Roke] At
A A A8 B0 1 Z AR R 0§ 8 - sicks
S 7HA AL QIth(Lee et al., 2021). gk, S-2vat A4 AF
Aol EAIRE 1 A=) B 9 1o}, B} AR okl H]
off AAAFYG Y W2 A, =& AFAAEE S ol Atk (Lee
et al., 2022; Kim, 2021). =& nE5 9] 8712 SAAHA =
A Aol ZAIRE S AAMES A7 Bk
Zo] glom, AdArA o] ZA ol thel T A% s Ark ek

hal

_llm ox HJ

Autonomous Vehicle

Zero Energy Architecture Virtual Land Space

BANSLI A} 42 AL )5S0 SR AvfE ES 5
ZFof olom, A R WE A BAE 24 =6
7 Al2L 1A 3L glck(http://www.molit.go.kr/).

# dtolld s =22 BotolM 4xk A ST B Ve
o] A-8/d< B7IskaLAl stk E 2 AdoM S5 14
22 FEA S5 Al TAF A, AT, AT
© AlEEARlA Al3siH, =2 o) 23t 75 URE fisf
Y] = 2931 Hajolch(Bacek, 2020; Nam and Kim, 2019).
=22 Zopl A AR 7550 857 A 7e
ol e ABHE AZ3 5 2840t B} ol
Ajof it mutUdRisg A Aof gt 7]=2] f7hE== SLAM
(Simultaneous Localization and Mapping) 7]<= ©]-83+
wepm g A A FiEke] st GGt 439 e m(Kook,
2022) E2eE 93 7o W ZAAN RUEY 2 A
A B o] o]Fo]HH(Choi ef al., 2022). Z|QUw+ 52 Hu}
oh:m_d/\]/\eﬂv] ZOIEZT}QE glolEE o]83le] CCTV
(Closed-Circuit TeleVision)2] A7 99 =&31=
T2 201 (Choi et al,, 2022), BrkIHA 2T 4
2 ol gsto] SHHATol thet AAES 2EeL o]F
AEOR 220 4 Qi RIS AT A7} ololzi)
(Kim, 2021). 3FA|et HHFAMPA| A8 0] Ash- 5 AZ=5]07,
SR ABEFE 9T B AN ATE b HED
Agolct, ofo] B QoA B AAFHS 7|E0R B
ulIR A o) BHES AEOhL, ER A FE Al ol
dolel A5 9 B4 Fal E2 AT Eee] vhe muhey
A 280) A AL ARSI Sk
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Fig. 1. 8 innovative growth engines of MOLIT (http://www.molit.go.kr/)
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2. AT EXiet W

= AT N BEBGA LYY £ A A
2 AN Slal 2l 2Tyl ahel mepn A 2Rl
Heh=g AF9ck Fig. 2 ¥ A7) ATESEE et
e,

| Study Planning |

¥

| Accuracy Verification of MMS |

3 EIIAILES ol g3t dlole] 152 Ak o
- 1 GNSS outage®) 351 -2-8f0] S-aElglon], A= o
Selection of study area g

& olele] )% Slat 712 dlolels 12 B0 2 ASa
2% Aalo JS © -
_| Data Acquisition and processing I— o 23 0:144 272 #I%F GCP (Ground Control Point):=
Data acquisition of study area 4345 o853t Fig. 4= HuMdWPA| A o] 2= 5
Generation of pointcloud data QX oln, Fig. 5= WHIAMIA|ARLS: E5)] AE ZR0E
s Sop9. dlolelol FALE 918 CP (Check Poinge] §1715

_| Applicability evaluation I_ yeRdCE

Comparison of MMS result and design drawings
Create cross-sections and heatmaps

Fig. 2. Study flow

AR HepAPA| AT 0] =2 Rof 882 913t A%
< FEAYYRAY] U= 2 A A& 2G5 oA 7
shin olck 2ROl 913 9 A4 S84 A 7]
27} ZAEZ oL dlole|o] $XHBHE 7|22 Hokar 9] =
T} Table 12 |5 ZF} 1A Q] HHFUWIA| AE] A7 20 Fig. 4. Driving route of MMS
ik -8 HeRdck

Hp Mg x| A 0] ASl A2 0 GNSS (Global Navigation
Satellite System)A1 % S=4lo] 7153 S0 A} 500m o]AFS:
dYsto] AlFSTS sk, HARS AHEsl =t TlolE 9]
A= E ket W o2 alslgie). 3 GNSS Ale 4
A o bl SRR e R AR BrhE 4
slsictk glole] FEof o] &3t mulAMPA|AE]LS: TrimbleA}
9] MX50 Xglo], GNSS/IMU (Inertial Measurement Unit)
= AP600] AH-8-5|Q]t Fig. 3-2 HHFU MY A] AL LFERATE Fig. 5. Pointcloud data and location of check point

Table 1. Mobile mapping system performance standards according to regulation

Relative accuracy Maximum error
Remark
Planar position Vertical position Planar position Vertical position
within 0.2m within 0.2m within 0.4m within 0.4m Article 20 Paragraph 4
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CPefl et Fo= F7F 23 A Ee= 9 2o 24}
= 20cm o2 TYUE= = A A2 At oA Akl

wHpIMEA|AE O] A Ashel AARE Yol A" 60 e 8R4 JE WESGIt) Table 32 Ao A
7} CPo &t HATHE 7123kt vlwete] Sagich AA AdE Y, s AFeE 95%C] Higt RMSES
A FE F UF-S Table 2] RS LEhdct.

Table 2. Coordinate of check points
Forward Backward GNSS outage
X(m) Y(m) H(m) X(m) Y(m) H(m) X(m) Y(m) H(m)

332259.67 | 4220733.96 102.69 332259.66 | 4220733.92 102.72 332259.69 | 4220733.875 102.66

33225949 | 4220734.17 102.7 33225948 | 4220734.13 102.73 332259.505 |4220734.095 102.68

33224492 | 4220760.1 101.6 33224492 | 4220760.07 101.59 332244.89 | 4220760.045 101.53

33224470 | 4220760.3 101.59 33224470 | 4220760.26 101.61 332244.68 | 4220760.265 101.51

33221840 | 4220773.9 100.38 332218.42 | 4220773.86 100.4 332218.38 | 4220773.83 100.35

332218.13 | 4220773.92 100.38 332218.13 | 4220773.88 100.42 332218.09 | 4220773.85 100.36

332188.52 | 4220773.06 98.98 332188.52 | 4220773.00 98.95 332188.60 | 4220772.98 98.96

332188.24 | 4220773.02 98.99 332188.25 | 4220772.97 99 332188.25 | 4220772.98 98.94

332158.56 | 4220770.85 97.22 332158.57 | 4220770.83 97.18 332158.60 | 4220770.78 9721

332158.29 | 4220770.82 9722 332158.3 | 4220770.79 9723 332158.31 | 4220770.77 97.2

332128.7 | 4220768.75 95.87 33212871 | 4220768.73 95.82 33212872 | 4220768.67 95.85

332128.43 | 4220768.74 95.81 332128.42 | 4220768.72 95.85 332128.43 | 4220768.695 95.82

332098.90 | 4220766.56 94.99 332098.89 | 4220766.52 9491 332098.89 | 4220766.47 95

332098.63 | 4220766.49 94.93 332098.63 | 4220766.47 94.91 332098.6 | 4220766.43 94.98

332072.20 | 4220754.16 94.67 332072.22 | 4220754.17 94.66 332072.21 | 4220754.06 94.73

332072.01 | 4220753.97 94.68 332072.03 | 4220753.96 94.65 33207199 | 4220753.87 94.76

332055.17 | 4220729.3 94.83 332055.2 | 4220729.28 94.83 332055.19 | 4220729.19 94.77

332055.04 | 4220729.05 94.81 332055.08 | 4220729.05 94.8 332055.03 | 4220728.96 9478

332038.25 | 4220705.73 95.12 332038.27 | 4220705.72 95.12 332038.26 | 4220705.63 95.07

332038.00 | 4220705.66 95.12 33203799 | 4220705.67 95.12 332037.94 | 4220705.67 95.04

331968.42 | 4220635.93 96.06 33196845 | 4220635.86 96.08 331968.46 | 4220635.82 95.98

331968.14 | 4220635.90 96.06 331968.16 | 4220635.85 96.07 331968.17 | 4220635.83 95.99

33193794 | 4220633.72 96.23 33193795 | 4220633.68 96.27 33193798 | 4220633.62 96.15

331937.67 | 4220633.70 96.24 331937.65 | 4220633.65 96.25 33193771 | 4220633.63 96.12

Table 3. Accuracy verification result
Item Relative accuracy Maximum error
Planar position Vertical position Planar position Vertical position
Forward 0.042m 0.082m 0.057m 0.075m
Backward 0.059m 0.088m 0.062m 0.076m
GNSS outage 0.156m 0.075m 0.173m 0.097m
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S, TR AFEF] wetdWgA At g8 vHs B HlofEoA] A, ZtRE ) 22 ARES AlASKL,
e B 9l AEEE Y AAHEE AR AIRSE AEEe] 9 9 FdeE AAkslth Fig 9+
o} redulEek 21 o A BEEAF Al R &) Aiws muld@gAAs o 2 QY ZQEZ e glo]Eo]n,
+10cm W= A3} QJch Table 30| 4|9} Zro] mupelmsy Fig. 102 $¢ 9 =& Uepdct
A|2EO] | © 2} GNSS outageS A|9]5}al =3 L 2=
2] W gFol Al 10em m|RHe] ZHE WERARITE ol2f]t Aib= &

HFIWPA| NG 0] 85t EPAL Alg-Eafo] 7HsFhe L)
W= Aot

4. E2 NBEY BES 9ot DHIAVWTA A
r

B AToE B2 AZS 28-S 9% untlpn A

28] A4 BIHE Slo) A7 QU9 Y = ) il T ,
AL ALPAR| 2 AA5HIT) g A 9S ukEAP} Fig. 7. Trajectory processing result
A8 F9) BP0 2 Bl AP 2L BEA £2 AFS

o Aol 443 R0.2 Feelo] AT Ak

Fig. 68 A70j4%|2 Ueric

Before proc
After pro

Fig. 8. Comparison before and after trajectory processing

Fig. 6. Study area

golE A& 93t 7|&He AEXEA Y] YAl7|E (a) Pointcloud data (b) Ground extraction result

A glolE] F 1% 7H2 2] RINEXE o]8-3}3 o, & 2km - Fig. 9. Pointcloud data generated by mobile mapping
Zhof| gt vloJEl & Al 40km/ho] &2 2 535190t Ho] system

E A= 947154 RINEX HoJHE 7|&o 2 73] H=2

o 3t HYE 4351, EIEZ e s WA A
2H2jol] ALE 2 ZEFol ApplanixAke] POSPacS: A}
8-3k%ler, /dat=2] RMSE7}0.05m o|yj7} & = #|2]5}
ATk Fig. 72 Hlo|8] A2] 23} 5 475 Wehin, Flg. 82
A2AE A - Fo vlms ehick

AR AT T AE sl AR2AHHE o]23}o] AL
Z]9] EZEZTe T flolEE AT AAE ZNES Fig. 10. Profiles and cross Sections
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Fig. 11. 3D Transformation of 2D Drawings

(b) 3D Transformation result

(b) Eearthwork volume

(a) Heatmap
Fig. 12. Calculation of earthwork volume using mobile

mapping system
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