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Georeferencing of GPR image data using HD map construction method
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Abstract

GPR (Ground Penetrating RADAR) is a sensor that inspects the pavement state of roads, sinkholes, and
underground pipes. It is widely used in road management. MMS (Mobile Mapping System) creates a detailed
and accurate road map of the road surface and its surroundings. If both types of data are built in the same area,
it is efficient to construct both ground and underground spatial information at the same time. In addition, since
it is possible to grasp the road and important facilities around the road, the location of underground pipelines,
etc. without special technology, an intuitive understanding of the site is also possible, which is a useful tool
in managing the road or facilities. However, overseas equipment to which this latest technology is applied is
expensive and does not fit the domestic situation. LIDAR (Light Detection And Raging) and GNSS/INS (Global
Navigation Satellite System / Inertial Navigation System) were synchronized in order to replace overseas
developed equipment and to secure original technology to develop domestic equipment in the future, and GPR
data was also synchronized to the same GNSS/INS. We developed software that performs georeferencing
using the location and attitude information from GNSS/INS at the time of acquiring synchronized GPR data.
The experiments were conducted on the road site by dividing the open sky and the non-open sky. The road and
surrounding facilities on the ground could be easily checked through the 3D point cloud data acquired through
LiDAR. Georeferenced GPR data could also be viewed with a 3D viewer along with point cloud data, and the
location of underground facilities could be easily and quickly confirmed through GPR data.
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GPR (Ground Penetrating RADAR)-S &= 2 9] 324 AMel| W A58, 2512 E AASH= AA R =2k &
4] A8 AlAJo]ch. MMS (Mobile Mapping System)= = 2 S} 244 $1740] tfat gake A1 22 A%
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SEvol ) A HASE 3 A 245 AA RO
WA 9wkl & 1% 43 Aok E, A

ASPAL ASF 2T E A% T2 E GBI vint e
Apo]ek(Kang, 2020). Xl*h}% gl Ajste] AuE YA
02 F AT ofsfE 4 Gl U0 R AT e TE el
o] m&E1 4l 7]4So] 7|3 QIrk(Kim, DG, 2020)
St ol GPR dlolel A|5te] uere A5 stel
olulx|s} Hlof wolE B, AT HES FH) 7] g B
w ohLIek A412) 4 Bl 2 4o A e ol

o4 = ARE TR 7] wfiZoll A=t 2|6} A& 9]
A2 A5s) 74 3k o2 325k 918 GNSS (Global
Navigation Satellite System)2} AZ23}o] HEH QA= T
7 A8 Qrh(Kim et al., 2018). 0= GNSSEIE] ZE
H A5 E2ol| Aok S 2 E-g3it Ty Ted
GNSS2 55 549 A5 A= 212 GNSS7H7H 9
28] Aekio]| gt FAIE =517 ol o) whgh 2hankE
7| 5351o] dAkoll A Bl A1 =elskr] 9lal M= = GNSS
= o] g 8ok 5= = T8 7} =x] ok} oof, INS(Inertial
Navigation System)E AF-§-5to] &4 gli= 914 HlolE H=
3} A 321 ZA| H|ol & SAl ol Asho] AR o] B

& Ao F-837F 1%l tigt A7E Y= ATk (Lim
et al., 2019).
o= 22 149 22 A% AzZHe 98 AlLEE=

MMS (Mobile Mapping System)2} GPRO| E¢He] A|AH 0]
7fet=]o] gloje] &2 dkaL QItk(Yan et al., 2019). 0|23t
ZAeloll= g )2]1L} AAE 57 5h= GNSS/INS (Global
Navigation Satellite System / Inertial Navigation System)
7} "FAjEo] QlojA A4 LiDAR (Light Detection And
Raging)E 5ol =2 FH& 27Hsko] 2Q1E Fehe=g A
481, A|5H= GPRE o] ofm|A|dlo]eE HSate.
o, wge) w2 pelo] B4l el toz
J*”HHE oA ol A 2y AshAdE e
el A&7 10l B ofEol ik ofofl Tt A
59] AN E A 4= 9l GPR, GNSS/INS AlA7H2] 7]
8714 FAIBBk] st 23 0 2 Tl WA
of 9 GPRI} MMSE et A28 Astinn et
o2 913, GPR Hlo|ele] H5 A]2h& GNSSE¥ e 2t
S| 24 A1Zh0. 2 A4St MMSe] el GNSS/INS
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=& GPR ol A= T 20) A3h2 x[s7] f13f 71|

£ 0]-&3ItH(Chae, 2015; Barzaghi et al., 2016; Lee and
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Fig. 1. Distorted GPR camera Image
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Fig. 2. Point Cloud Data

MMSe] AHg-5= GNSS/INSZ GPR 94+ glo]el e}
S715ksto] GPR 942 Aedafdy & 49 GNSS/
INSE 7|22 & GPR o|n|x]¢} LiDARE 32102
23} 4= 9lth o]2|at Aul= GPRY} MMSE Za]zo
2 Ze Aol FAste] Fy FAol GPR G4 H
o|E] S HjA|zto] HE510] GNSS/INSS E3al 7
& AYg) o] HolE st wlolg® 4t A8t
o] dlojel & FAlell Eol& 4= 9l Bt ope}, A% &
£o]L} GPR H|o|E = 321902 BAs 2= Q1A &
th(Fig.3).

Fig. 3. Concept image of GPR and MMS
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Georeferencing of GPR image data using HD map construction method

7FA| AL §lom, o] AlZ-Z GPGGAL}L 2+ NMEA e = 7|
StaL ek i) o 717]9} o] FEjO] 412 E 0|85
o] 5713} gt} GPRAGH|OA &= 7] 2191 GPSHEE =45}
7] Sfat o] TES /AT 9k o] Sheglejzio® @
Zsto] GPR 2471014 GPSE] Azt 718211 913% A
Yoteg gk

E3F, GNSS/INS 255 AlA 2] 912]2} 2 & F551A] =
=l o] wjo] $Ix]ef 2A|€] 7] GNSS/INS AllAjolct. wh
2hA, GPR HloJE| & 322 2 A eewd/st] flsiA=
GPR AllA] 9] 9)x]et 2P| 2 HEkslr| gt 42| 7go] 2
a3t} o5 93t 71e2 1Y T2 A= A2t AFEElE
FLE 71ES Sl gk

GPS9| A7t} QIx] 4 Hi= GPR #17% 32501 SEG-Y 25
O 2 A 4= Qlth SEG-Y EZWH-2 Society of Exlporation
Geophysicsts(SEG)o]l 2J3f} 7'l 2|7-=2f 3t glole & A
ot ok Zgfio|tt. o] xuio] £ HlolE 7t 5=
AREEAT & APESE 4= Qlrk= Zlolo) 2 B 20174
Version 27} 2 EHA], tfo] 2 2 % TH9]9] Time StampS
Ae 4 Qs HAE ITh(Fig4).

Optional | 3200 400 byte | 1 N® lormore |1% 1 or more| M™
SEGY | byte Binary | 3200 byte 3200 byte |240byte |Data 240 byte | Data
Tape Textual | File Extended Extended | Trace 1 | Trace Trace M | Trace
N File Header | Textal, Textual Headers Headers
La%l | Heager File File
Header Header
(Optional) (Optional)

Fig. 4. SEG-Y File Format

SEG-Y oA Ajzba} g ARE sjo & 3511-
3512 Byte 2] Time basis code & % 2]5}+= %3} Description
block?] creationtimeo] ofafjQ} 7o Aoz A ECH
(Fig. 5).

Timestamp for creation of the data block. May be set to the
recording time for the SEG-Y record if unknown. Cannot be
empty or dummy timestamp.

Timestamp format is UTC time (zero GMT time offset)
according to ISO 8601 (24 hour clock):

Format: YYYY-MM-DD hh:mm:ssZ

Example: 2015-09-01 22:04:00Z

Fig. 5. Definition of SEG-Y creation time
AAZE 5718} Flg. 63} 2ol AllAoflA] F=0j %] = H|o]

E12) AZEE GNSSSZiLE] AL AlRte] 2o] A9t
31570 A GNSS/INSS] Hlo]e] 5 518 A2t Hlole]
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Fig. 6. Concept of Sensor Synchronization
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Fig. 7. Data Process Flow of GPR and MMS
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ply
format ascii 1.8
comment TEXTUREFILE
comment Author: TI
obj info anything
element vertex 4
property float x
property float y
property float z
element face 2

ty list uchar int vertex_ indices

list uchar float

3.989
.268 4161381.620 36.259
3 ﬁ 126 68.8 8.81.0 6.6 1.8
3 6 1.0 1.0

Al 7148 o) gstol, @A doles A5 B
o) Skt vmal) BARE BEeka S 8kl
37] 918 %S stk

ol2 $Ia 7} A4S Agsk ALY

t}. GNSS/INSZ+= ApplanixAHe] APX-155 A3t
2o AHg-5l= AT GNSS/INSZ Ao A 9] A2
AdF MMSo]| AFE-E]= &9} §-413F A =o]th LiDAR:
VelodyneAl?] VLP-162 AM8-3131T) #&F3lH, 1kg nwko
2 7hui9] chepst GPRo| 424 4 2lek 9 7= GPR
of Z&Fe 4= = FEfolth GPRE 73-9- 324 d & 2= HE|
A o] A1 GPRE ol 31eh

2571512 4519l
A=Y
O

3.1 JHEX| A

1 oJ Lol 4] L&EE GNSS/INSQ} LIDARE o] 83t X+
dlo|e|e] et 7551, GPR P42 A LaweA] 1
7152 A1E5}7] 918 GNSS/INSS] @ 217} 714 A2 787
ol Agl-e Wkt

Table 104} Hojg=al Q= ZAH S=Fdat Htv|olE 2
Zpol= GNSS =4lo] AR A2, FAY 1914, FAabaate], 33
F 170l A= 20cmo| o] HEH=E HolEm, T3 ZE
Jal] GNSS 4=4l0] afl& Hh= ]9 50cm v]vke] A=
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Georeferencing of GPR image data using HD map construction method

Table 1. Quality of point cloud

GPS coordinate Point Cloud Residual
Classification X Y V4 X Y V4 X Y XY V4
(m) (m) (m) (m) (m) (m) | (m) (m) (m) (m)

Seoul#l 316421.93 | 4161001.00 | 50.07 | 316422.23 | 4161001.27 | 50.20 | -0.339 | -0.264 | 0.399 | -0.128

Seoul#2 316420.14 | 4161000.41 | 50.21 | 316420.04 | 4161000.80 | 50.30 | 0.106 | -0.390 | 0.404 | -0.092

Seoul#3 315596.91 | 4159738.53 | 39.41 | 315596.89 | 4159738.45 | 39.58 | 0.017 0.080 | 0.082 | -0.165

Seoul#4 315613.05 | 4159744.51 | 39.58 | 315613.04 | 4159744.45 | 39.70 | 0.010 0.066 0.067 | -0.124

Seoul#5 315608.58 | 4159743.93 | 39.46 | 315608.51 | 4159743.87 | 39.58 | 0.072 0.054 | 0.090 | -0.127

BusanS1#1 | 287209.59 | 397623.00 | 39.24 | 287209.59 | 397623.005 | 39.24 | 0.310 0.224 | 0.382 | -0.368

BusanS1#2 | 287197.55 | 39763998 | 40.67 | 287197.55 | 397639.983 | 40.67 | -0.238 | 0.257 0.350 | -0.371

BusanS4#1 | 285420.67 | 382246.85 | 38.05 | 285420.72 | 382246.771 | 38.16 | -0.055 | 0.082 | 0.099 | -0.114

BusanS4#2 | 285478.16 | 382252.17 | 37.51 | 285478.10 | 382252.084 | 37.61 | 0.060 | 0.093 0.111 | -0.105

GwangjuSI#1 | 288483.49 | 183088.35 | 50.59 | 288483.39 | 183088.296 | 50.74 | 0.105 0.059 0.120 | -0.146
GwangjuS2#1 | 288504.00 | 183053.34 | 50.65 | 288503.71 | 183053.078 | 51.04 | 0.288 0.262 0.389 | -0.381
GwangjuS2#2 | 288468.86 | 183044.34 | 50.33 | 288468.60 | 183044.078 | 50.66 | 0.251 0.270 0.369 | -0.325

3.2 H|7HEx| Ad Table 3. Seoul DEM & GPR image
HIZNZR1 A =4 e] tigh AdF HIAES 435}
DEM(Digital .
o
SAct Elevation Model) DEM & GPR image

& s, Table 29} o] AEA] e, M2

20219 109 14URE 15%0] A4S 0 w2 gigt 4%
OE]
2 o] 37} x)o] that 2Eol el o GPR GATHlolE S

#1
=59t
Table 2. Seoul Test Area Location Map W
Station Station Station
Chungdam #1 Yeoksam #2 Gyoudae #3

Lk o — #3

Table 33} Zo] 7dte AZEQoj= HA} E2l5lo] EZol
glolg HE Al HeA] YES D RTK A AES o]&  E 22h9. o} GPR gjo]e]o] |2 @ m@Ale] Axakqict 7l
5}o] GNSS/INS 37]2]= 213513tk LIDAR A& glojgje} &% AlF Ao} v)wstoe] GNSSO| 4=410] of#]& 374¢]

GPR G4 dlo]ElE 42| GNSS/INSeF 5718lsto] 217 o= E=tsfaL, Hole Adoll= AI7F Igieh vk, 2923t
EE FE-E AT A e H RS a8k itk I} 351719] 787 DEM AJ/def A8l GNSS/INS tjo||e}
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GPR o]u]2]2] 2] @ 2|s24}< 913) A1 GNSS/INS Ho]
El9] AJetieof 2to]7} 47| DEM 9|2 GPR ©|w]| 4|7} &
S5= A97F G 2HESIEE o] GNSS/INS tlojg &
A2 Al INS7F HAE e dA Soke] A7) IRk
ol FA}yo 7, 2}eFo] AlAf o] EafFS AlA]5}= DMI (Distance
Measurement Instrument)S 2}552] HlF]o| #zlslo] 7}
WA SH85to] S48 4 Sl

3.3 HAEHIE 43

20219 10 22%0f Ao A7 =i ledd
SOCHZAIE o] |2 EH Eof| A 5 =33t 3it. s Bl
EH|Es B4 Aot A ES A midste] Ar|e) Fete

2 458 4 9 gaEd ol

Table 4. Youncheon DEM & GPR image

DEM(Digital

Elevation Model) DEM & GPR image
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2] Aol o] Ao} FdstA HHI} =7 BF 10cm
o] =& = E Bt Table 49F o] EIE =
2H-E & ghEo]X DEMO] 9= AR FiofA] =2
AEF HAFE ANE Holu, AAFAQ HlolE A
A5 =Z3ch GPR HloJEl: e HAS 5l H
2 EHES] F 7 2pRof 25Fe] Wkt FdskA B A
o HHA ek A E E3JE GPR glolE7} Az o 9
2 S A AURA We7kA] Fa A e dwyy g
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e AR& gt
(1) L= GNSS/INS7} 7}4 84| 9} upa7hA] 2 GNSS 2] 2=
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Z|tf 50cme] ATEE HolZFQir) thuk o]gsk Ale
2 dlolele] 2ol vnE S £ET 202 A A
3t A=) A2t GPR 945 o]-8-2h Ate} vlagh o]
of7loll, &% 27149l 977} Basicy
(@) =AM El 2~ E 3t 2ol JAA] 0.3 571 B4

HAI8l7] 18] DMIS AF-5t0] 2]4-5}alojof 3k, DMI
Fepel Al ol A2lg 2k AN 42 FUA of
#12 GNSS/INSo] teiFo] @248 4718 4 A% o
o}

() 3% 1Y E2AEE S o|§)
% GPR 9 dfelele] oefalely
RS P AL 5 S A0 VgL,

B a7 ﬂ PHEOR NS Y. i EﬂAE%
slolck. 2% g7} FaElo] AAgo
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