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Abstract

Car-mounted MMS (Mobile Mapping System) is the most effective tool for mapping of high definition road
maps(HD Map). The MMS is composed of various sensor combinations, and the manufacturing methods
and processing software are different for each manufacturer, performance cannot be predicted only by the
specifications of the parts. Therefore, it is necessary to judge whether each equipment is suitable for mapping
through performance evaluation, and facilities for periodic performance evaluation. In this paper, we explained
the MMS performance evaluation facilities built at the SOC Evaluation Research Center of Korea Institute of
Civil Engineering and Building Technology and analyzed the conditions that the evaluation facilities should
have through a literature survey and field tests.
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g A1) st o] A5 AL E AN 2AP Y]
= Wisteln Qlov), EK, 1 £ B84 5T 58
B0 % vl A5 AL AHaP] 918 2 AR 02 7
SFUAEA N A 02 5131 ek Samjong KPMG
ERI Inc, 2020). o]u] n]% %2 mEoFdS(NHTSA)7|%
Level 20] 8} 74 AR 2743} 759 222 AES0]
gk Az oA 204 Ee) 2 4 9low], Selalol Az
3 202771) 129740 91 0] 9l - ago] 7t
Level 4 5-38] A 8780257} 0 B2l 7147t B2 of
= AeT3 71s7E FAIART O] R&D ojH[Ef Y 2AS &
Fsto] LA 07 20T oo thetnews, 2020). 7] A&
FAYAEALE] - A R AA (7R, o], LIDAR 5)
Tk 2 A4EF3go] 7 20 2 wetstARE A= V2X
71eE o 87 R AVEETY] AFEE AL AUERA|E o
& BTl A aAS QAEH oH, 20159 E S EX] 27
Hlo A= Al x 2 X w5 JL&3)a1 QJti(Won et al., 2019).
AUERA = 52 917k ofg] 71x] Wrgo] QIAIRE 054
A eFZ A 2 EH(MMS: Mobile Mapping System)-2- ©|-8-3F 4]
W A% 5 o] 7P dkEel T mgHel o
oA Ith(Woo et al., 2011; Hyundai MnSOFT, 2017).
MMS+= theFet Al Al o] Ao &2 o] R, 2h
o) g Aol FAElo] 321 Htd|o|Ele} ARRIETFo] 71Hagl
AF Zogo] 7hs3itt Lt MMSE AEAQ] SA|ek=
2] Al 9] FF7EoherstaL, Z2H Al As& Akl ] ol
A F71AEle] 9o, sAA Iz Eo] Aiof what Au]o] &

AR ARG HIEBHA] s e =2 e Atk oAl T

s ule] Appo] FelehE 2T EYo] Aol e A9 1
© Ao Fo] B 5 L, MR £LE o] Ao &

At E o] ot 4 ek

21 MMS S&

MMS:= 1919 mf= @5fo] e st A2 470
Elon, d8AECl EAIE] Sl 71 olch(Park and Lee,
2014) MMS A2 A AlAIR .2 20224 71A] 2449 D& 4F
e A Ao = ol dEm, Ak A5 fIeh A4 7=
Y& HHLR 7|4 /St FA|o]th(Park, 2017) MMS
©] 7-44-2- GNSS, LiDAR, IMU, DML, 7h|2} S thokat AlA]
250 2 FEH, 29 9 ulAlo]d B, FlolA AEA
T A 2 9 o] e i S e 5ok Us 4 9l
(Puente et al., 2013)

A Solld L2 A =S A2 flaf AR 591 A
H| = tj 55 Leica Geosystems, Reigl, Trimble, Topcon 5 32
AlzApoll A SAF Felj = =gt AR|7F chel o) o]
AJ3= Stryx, TI labs, Mobiltech 5ol 4 ZHA]| AJ2ste] Rixto]A]
AHERE ARIZE Qlek A AR & e QIAIRE el A &
Gl = -8 MMS 2| F57-= Table 1.7} 2.

MMSo|| A% = GNSS/INS -5-2] 91 AllA], 2ho]c} AlA &}
7hlel To = F3E ERt AlA 9] el Helo]d 7ol wheh

Table 1. MMS Model List which using at Rep .of Korea

Specification of IMU
Company Model LiDAR Model IMU Roll/Pitch Heading Gyro bias
(RTK) (RTK) offset
Leica Pegasus-Two, 1 7,k 9017 PROFILER | iMAR FSAS | 0.008° 0013 | +0.75 deg/hr
Geosystems | Pegasus-Ultimate
, VMX-2HA Riegl 2HA POSLVOI0 | 00510.0057) | 0.01570.029) | Unknown
Riegl (Guess)
VMX-450 Riegl VQ450 Unknown 0.005° 0.015° Unknown
Mitsubishi MMS-G Z+F 9012 PROFILER | KVH 1775 Unknown Unknown +0.5 deg/hr
Trimble MX9 Riegl VUX-1HA AIX’&?X 0.00570.005%) | 0.01570.02°) | +0.75 deg/hr
. Lynx M1 or Compact ° o ° o
Optech Lynx Mobile mapper Lynx V200 MEMS 0.01°(0.012%) 0.02°(0.02%) +1 deg/hr
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74 Agof|A F 2tol & HolH & A He|old HRo] of
S} th9] A7) w0 £tk (Schwarz et al., 2004; Habib et
al., 2010; Puttonen et al., 2013; Chan et al., 2013).

ol A= MMS S AtSts7] 917t At7idto] 213y
Folu, MMS Ziz| B0 7]sof Bt A7) ofv] &4 o
Aol o] =3/ th(Hong et al., 2017). Z1eut &2 7]l 4453
o} slejeh 4TS HlaEal ASE 4 e HlAE WE o
17} ofeh& AlAolck Fjol= MMS 2] a0l 4S 9152l
s} 8ha g4 kot 15l Ut U] the] ATAEE AT
20,2 02 ) Q] B AXI5ho] A A Stk
225 ol 4 Al e 79 GNSSE] 5241 $h7o] U4

[e]

i=e]
S| ShLEiR) 92 7Hs Ao Gl QAR AXIE e 9 A
o] o] ofelg] M-S AW ujnieh e e A
A5 ek 3 A Sl s WAR o] 24
Shek. ofeiet BAIS A4S $181A] AN o] 7 e
Befo]4l Qlaze} o] B ashe

22 MUz 2X|E S5

AR A ARG} A\ MRk SR, Tl AR}
502 Wgke] A& T A 714, et 5 MG
ANSAE12], 2015.05) 9] ke FHE A A A A = 2015
] APEARLS AATBe] 2016 AR HAH 02 Auw
A28 T35 WZRe A 201 1A AJ2}5ho] 23441 o]
A} S TR ELS S 2519t (MOLIT, 2016; Won ef al., 2019).
AU 5 o] 100 SATHle] matelo) 3
= 94314 oJAo) AMES thAO R TE5 B Agolct
(MEF, 2020). 4 2 )12 2} &5a2}o] 314 Qlazahe
2A14o] ek whebl TEUHE A Fash] thite]
Shelol A B3} wizke] Wl Shs FAlolck 53] Aol
79- tholute] 9 Sefig(Dynamic Map Planning)o|eh= 12
B W5 o] HUAE AR 8 A4S 25k e =
Yol vt RS SR e 24 5% EY
A7+ 201930 ZAEo] FUE 2 A= B 5T 3 =)
531 Q1T Won et al., 2019).

3. HEE=X|= MES flet MMSS| 27
AXIHE=

FGDC(1998)0f] wf=r Hette= = 9 =2 thsf 95%
AF 7oA FAAF e AHRMSE: Root Mean Square
ErtonS T-8l0] SHSHES ojal slck 4B ehee} 44
Aehe AARS Table 2.9} ZTHGreenwalt and Schultz, 1968).

U FUERAEE 50053 430 Hees a5t
th SER S EYoA W TYHE 2 A 5w,
(NGIL, 2019)7} T2 E 2 2% Z 274} uj3+ (NGII, 2020)
of w2l gl Helolele] 9 4%, 54 B RMSE
15em(95% Al=j5<), Eageties %, 42 2% RMSE
25em(95 Al2|4=3) & RHEsfof gtk

4. MMS E5E71E AME 715

41 SOCABARME A4

FANIEATLE 472 QAT AWE Bk 1709
S Ake])el] oF 69%h T.9] SOCAZATLAE| (Fig. /S 75
St Qlk 2 AEE ANRA FAUFAE 752 B

2
S 2016\ FA2YE AEgon 7ok s s
=

o] glek H7 20234 95 B R S 2olme} H7by
SRS AN gk B R AL EE A ERR A
(@FA)R Alo] glo] thepe E2AFo] s s, 2.5
kn Z00]9] B} FREAS v Eto] o] 4| 7Hse %
W7} oF ok Ao} 9l

= AlEe] B0 eXe 49 Ed(Fg 19 A4 W)L
950m Zo]9] 94 22441 ofATE o] Hlo] glow], gz
Edle x|, 985 sde Ao R Hof gu B2 o
ofl 7K25 30 7ot AUE 250] SIS lo] MMS 453
7H A sHee Aael 198 23 AEe] Hxslo] 9]
o £ QoA g A0 MMS A E7HE 918 4

& a3

Table 2. Methods of Accuracy

Case Condition

Accuracy Calculation Method (95% Confidence Level)

RMSE_ =RMSE
. X y
Horizontal

Accuracy, = 1.7308 xRMSE,
[RMSE = sqrt(2xXRMSE ?) = sqrt(2 XRMSEYZ)]

RMSE_ # RMSE,

Accuracyr = 2.4477x0.5x (RMSEx+RMSEy)

Vertical -

Accuracy, = 1.96XRMSE,

% RMSE : RMSE of X-coordination; RMSEy: RMSE of Y-coordination; RMSE : RMSE of Z-coordination
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Fig. 1. SOC Evaluation Research Center of KICT in Yeoncheon-gun, Gyeonggi-do, Rep. of Korea
(Source : Google earth, Capture on 2019.04.15.)

4.2 MMS HSTIHE /3t E Bzt
MMSE) 45 & eolct Belele S 8ape 248 3
sl 248 Slais 12T 4
ubjolck upeba] efojct
8 T-so] Wkl Bl F4
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e}

=
z o
2 0

£ AlRtske] 2214 ¢l
(Fig. 2)2-100cmx45cm =.7] Aol A& 20cm=.7|2] A
I SPH(B/W) S 2 428 3 AF Bl 6715 Q1afiskSiet Bt
A1 A4} 2to]th(Leica Geosystems RTC 360)2 AW a5}
o] epAle] 417 FHEE #5311, MMS(Leica Geosystems
Pegasus 2, Stryx Argos-S)E °]83t] Bl AR Vs AdS &

Qg At A B YAzl whet €19] F4ls 2helskA]

She 297k stk

(a) (<)
Fig. 2. Circle type target (a) Circle type target plat on

the pole; (b) Point cloud of the circle type target plat; (c)
LiDAR survey of the circle type target plat
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Fig. 3. Square type target (a) Design of the square type
target plat; (b) Square type target plat on the pole;(c)
LiDAR survey of the square type target plat; (d) Point
cloud of the square type target plat

4.3 MMS 85Tt AIZ =
MMS %5371z GNSSE =Alo}h= 7-9-ofF Ahdsl= 74
e A BHEE E|oQITHNGI, 2019). 0] 749 H3tdo]ele] 9]

%) 2L 913 712 0] BAsteh SOCHZATAE ol
SIS Rt 23 712o0] 47 AxElo] glom, o]
S 2gstol 45 B7E A1 ) 71 8L 209 A5 (Fig

2712 w2 212} 2] Wzol 7 of Som A0,
2 AAOR, BREY AU A 43 TRUAUSY
W SRHSYE 2 gote] ST ZPPEL A2 27
720 2 RE el o] §3tel 7124 SIS S
Sk 24 712400] 23k @Yol Blo] 7H5stES QR
£2 o] gfo] A2 1T 4+ Y= Sk

B A o] ) m2O] F S oF 950mo] L, £ 9%
o & 30740 7hGo] AalElo] ek, 7} 7 E-L o] 9m
E Fig. 304 Arg gt ezl 307H(EL H 6070) 5 2 7kl

Rk B9 750l $ARE 918 B 914
o} MMS 7gH] FARQIA| S Jefsto] shho = el 1.5m 4]
o 2B}, A4 0] 200mE THHL o) B Ao
2HE 17m~2.7m Atolo] A2k (Fig. 5) 7+ Eplzke] s
AL 71 2 A Ele) Al o = XAl e §)
A|o] HEES ZeFsioict B AHO REE 702 A%
Eo] Q7] flizo]l GNSS SFe 2 27hsste] 7|14 St
IR R QU 25 71 g AH8sTo] ERAHol g o8
sho] SEFRICE A 7+ Aol sl FottlolEE Bl
Q= E31 2|4k glo|thE o] 8-510] 417 A -of|A] 360% =
& AARLer, 7} HidolHE sl shte] Httle]
B wels S 2513iek(Fig 6)

(b)
Fig. 4. Control points in the site (a) Location of control Points(20); (b) shape of control

point

Fig. 5. Target plates, which for accuracy evaluation of MMS, installation
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(b)

Fig. 6. Precise survey of targets (a) Precise survey of targets using Total Station; (b)
Integration of precision LIDAR models using Leica RTC 360

Table 3. Specification of Argos-S

Item Specification
Max Measure Distance
(LiDAR) 200m
LiDAR Sensor Velodyne Ultra Puck lea (up to 600k points/sec)

Velodyne Puck lea (up to 300k points/sec)

Scan Measure Angle 360°%x 40°
Scan Speed Up to 900k points/sec
Camera Panorama Camera System (Max 13,000x6,500)

Positional Accuracy

Horizontal : 0.02m RMS
Vertical : 0.03m RMS

Table 4. Results of MMS surveying test

15km/h

35km/h 50km/h

Point Cloud Pattern

No. of Recognizable

Targets >Tea

49e¢a 35¢a

5. MMS Si5T7} AN AZ43!

51 MMS MsT7t A8

MMS®] /458715 SfalA= o] 92 ehee} o eo]
MMS HiE Z7go] st} Y& FEWFTA TEX] 2
A 3e MMS Hat=3) ol ol = MMS SR8 - A48

59k Hs st At 4TSk ik B A WIS 14
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