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Jinsoo Shin, Minjoon Sung and Mijin Lee, 2016, Development of monitoring solution for riverside ground-
water facilities using an augmented reality. Journal of the Geological Society of Korea. v. 52, no. 4, p.
501-510

ABSTRACT: In this country, groundwater information management with an IT-based system is conducted at the
National Groundwater Information Center. Groundwater information is provided under the web-based procedure
reflecting a new information technology. The purpose of this study is to develop an IT solution for the monitoring
of groundwater facilities at the riverside with combining a web-based groundwater data and augmented reality
technology including 3 dimensional mapping tool. It can express underground facility structure and all of the
monitoring equipments, which are installed in a radial collector well at the riverside, and also manage groundwater
level and quality data collected from the monitoring wells. This helps a manager to understand the facilities and
hydrologic feature more in the field and therefore more effective facility management becomes possible. This kind
of augmented reality technology will be effective to the cases of unaccessible dam, bridge, and barrage.

Key words: groundwater facility, augmented reality, 3D mapping, groundwater monitoring

(Jinsoo Shin, The University of Seoul, Seoul 02504, Republic of Korea; Minjoon Sung and Mijin Lee, TI-Lab
Inc., Seoul 04793, Republic of Korea)
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AuAgol 7Fsah Hetek AAR Aske B
£ 918 A2 PR 710 g ASH A7
7} ol2olA L ik FRBOIEBANAL CISE
o] &3t A5kl AR Aol &8 7t X5t
e A2EAE BdE AAstaL, BAHFAE,
Aot AR, Aot FEEFE, 7MY
ZIE, PAZY TN BPRA 22O
I} FEA ST A|2”Q DB, 2+E FA|E, 712
L 52 0| 8ste Aoty AAZZ IS
g5t vl Qlck(Lee et al., 2002). =31, GISQ} 7-8]H
B2 AN =5 H&53u-GIS S04 B89 ¢
275t Xk A FEO HAITE BUEY 2
£Ao] 7hst Aok B | A|A"S AQtst
3, UML 208 8-8-30] AFgte] 2 ARITE A2
o g REE 7k 4BE U Hojee] 582
BT AATE BT ATE S v o)
(Jung et al., 2011). o83t AF-= GISHE S T
I A%, A4S Hg 7 1 E5S ERE sFgen,
AN BUE Y NS =Yt g Aol

2ukl oMY 7| U TS, 5
w2 a4 SNt At AA R G A 2d
B o83 GIS 9 AntEE 7]Hke] fH|FE A o
E3a] A A"E /st 0 1 (Jung and Sim, 2012),
HEY 9 oA 9] HE o]§o] F7HEe] wek
BEO AT TS HAS= RS VIeRY w
Aet T Eo] 22 Hutd o Q== e
o] 7He-& AAI3H ¥} 9ltk(Yeon and Han, 2013).
o] & AFoA= A AF NS A%t =ukd
2 5o gt I oS A AsHT

Aok AAEL djFEo] X|kgtol midE o
st YUk A st M AEDES A E
Hrh 3] W 2YE o] ofHa 23 E vy Al
HA7Rs/do] =k olofl XA A ES] A A A Ql #
& 8l BRolAE =278 7o) R|SHAEE9
ALkt A4 3D 7|9 AJ5ks 7t A= =
A& 3l vE ITHMLTM, 2008). E3, 2] 5}o]| o
FE AEEY A A3 tigte] oS ti o=
BrETE G 2t AAES Ak =
A e AABFATHChoi, 2012). HHEY AJAH]
2 AEA A 0] Qli= AMAL SO 2 HA7} Eofof
shel, GaPgme) B oxke] Hash Bl 717)
SRS 917 AN A A, ASEDR 917

- 0[0|A

H, DB A= JjA, A a&4 #7t 5
2% aaeka ARSI A5k A48 34, A
Slof| wlj A =]o] ZFA| A Q1 ERlo] o] F 7] wjzof HH}
S o] &3 AR FAH Y A1 Al A7o] B st
oha AQFehITH(Kim ef al, 2014). A Bl
e dEn EAH F2 L 2 sy vla &
A B9l 2A 9 WS 28510, AA| 2o A
of SAg A/ Bl Wl 57S B9 M54 o
Qrakdct

71 AT B 4 5] Asls: Aol 3ol
A 1T7]&2 28FY T GIS, AAZF EUE P o= of
T} L8R 2] Wely BRE S ETRA
2 P87} RolA T ok meb, B Aol
SAHA(AR; Augmented reality) 7]&2 283t
Aok R Aok AAEL AZSkR mukel B0
A GISe} AAIZE ZU e Hlolel7t A5EE 7l
2 Fpareka sk

23

il

nz

=~

2. 7

0

g =3

F7dd Aol XA 33 THFEAIE HA
HoFE= 712 AAAPE 2o 2 Be AN A
VR ARE FA HoF= 7eolth. AAAA
o H/MY BE Zh= 7HIAIAIE &4 shte] d4ke
Z BoFn 2 333 A (MR; Mixed Reality) o]z}
1% 3t o] 7PAFE A (Virtual Reality) 9] oF &
o= Al AA| 2o 7HE AFES ddste] dE9
2ol EAStE AFEAE Hol=g ot HFH 1
g 7]Ho|r}.

F74EA 712 @A AAC BRI ARE 2
HRlste & 4= Q7] W&ol 7] 54 GIS 9 GPS
o} o2 Hlo|EEE viAl ¥ (Mash up)sf thefst &
go] 7hssith 2 dAtolAle XsHIAEES 53
SR H Q] 2|5l A E] gt A RS vjA| st
o AN 7S 8T HD Aok e 2 A
H| A AAE stz gtk E3L o] $HAY
o Ak Al dEofl et 3D A =2 &-g-star 2|5}
T AAZE AS HlolE et AFAIA °olF Astet
Aok Al &0 BUE ol &-8-5121A} gt

9 Aok A E BUEE EF4AE F0EA
Mt E7l0] 1EE $AoR gt A4 7]
=9 FEoE= Y= TS = =7, 1
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AR development toolkit
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Augmented 6
Reality
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Fig. 1. Hardware configuration of augmented reality development toolkit.
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Fig. 2. Hardware configuration.

A Ao S 2 A2, AR KPR
£ 5413 5 9l SIXAIA (GPS), A29 Y S
AT 4 Gl AN, 25 53R Ao
Ha§ FAEA mEo] ayE.

Y 12 3484 AL B9 egle) 1A=
olm, LY HEHEG AN, 2nkE7)7]e] 2
AZAE Slat ANSTN, 484 T8 2
EgJoj= T} o] HHRE ol§5H X
© 24 9)7)ek A 0 = e, ofFa Tl

Seletie QJeue AUAAL G 9] 24
AS FABH= Monitor-Based HAlo 2 &3
o|ZA| 7l EZ1E A5k ol B o] A0 A5
of Aeisgue] Eao] BB LML PAT
EF2 A5k R Qo= A A K (Geology), B2
X (Road asset), A4 X (Construction) 5 &3
of ujz} cropst g o] a0 7t

I AR 75| A% st=go] A= A
Huw 19 29} Pk ohA] gt vist ol o)
7)o 7H2hE Fol AA 849 AR EE
A=} GPS 441719} g2 58 £
Y= XA RS o] FF 7| bluetooth 1]
o2 ojsF|o] BT} Ed, Aol AL, A
A7AA R F4E IHE ARE St=EE AR
o o] @ L7 o] F2Fste] ARgsHA Hrt. o] wf, =}
ol ZAAL Taly]e] AN RS S, 2|2
AA = FFYRE FIST AAofA HET AR
£ RS232 FA WAl o= o] FF | of FAlEH T

2.1 {UXIMAM(GPS)

2.1.1 A ALeF

2 AFollA AREE= HAAIA = 25 cm oY 9
H 24 2 AUeE a415H, Foi7f -&olstes
41719} bV} 2ha 7heE e rt Qi E
oA A HEFHS D AR FEof| 0]-83517] 9
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Table 1. Position sensor specifications.

Technical Specifications

GPS L1 C/A,L2E,L2C, L5

BeiDou  BI,B2

GLONASS L1 C/A, L2 C/A, L3 CDMA

Channels -
Glileo El, E5A, E5B, E5AItBOC

QZSS L1 C/A, L1SAIF, L2C, LS

SBAS L1C/A, LS

Reference outputs/input CMR, CMR+, sCMRx, RTCM

2.1,2.2,23,3.0,3.1

ASCII : NMEA-0381 GSV, AVR, RMC, HDT, VGK, VHD, ROT, GGK, GGA, GSA,

Outputs ZDA, VTG, GST, PJT, PJK, BPQ, GLL, GRS
Performance Specifications
) Cold start <45 seconds
Egne to first Warm start < 30 seconds
Signal Re-acquisition < 2 seconds
Positioning specification
Accuracy 0.25 m + 1 ppm Horizontal, 0.50 m + 1 ppm Vertical
DGNSS Latency <20 ms
Maximum Rate 20 Hz

S AT 2 5o HUES] AN HRE A5
7] 913 17\ 50] Basie,

wahA] B A Aol A A YXAIA = L, L2
ABE o] g0, BAoIA 28 Auat HIx o)
7Fs8t /3 B YA AE)(DGPS; Differential GPS)
7159] 2§k, E8h Tl GPS 4:417] 25 DGPS
AEE 240517] 93 $471% AR RANATE
Hgs ot

EAHFALL Bluetooth, RS-232, USB HFA] o] EAX]o]
715314, NMEA, RTCM, Binary BF4]¢] xgio =
20 Hz 744] Blo]e] 10l 7Rsaict 2 Ao
ARG SAALA ) AJF D A8 1 13} 2

21241359 B4

GPS A1 Zof|l A LA 2 A= DGPSE T3 273
A& ARt DGPSE 219715 YA HAGA|2~H)
(LBAS; Local Based Augmentation System), $1/37|
HE YR BAA|AN(SBAS; Satellite Based Augmentation
System)¥} 22 WHO 2 935 HAsto] HU=
2 PTG 2HT T A9 GPS 54177} 2L
A= RE AT E Wol 21l HAE At o
ZF al719] e Aol Hao] 354 ¢ LAt &

SA(Selective Availability)
—

Atmospheric Error —
atmosphere
Satellite geometry —

L

Satellite orbit and
clock errors
m / ‘717/\ 07

Fig. 3. Types of GPS error.

AjgcH 1™ 3).

o] 59| FF A2 LS AAS] K} Feet ¢
&74& 3= 7o) DGPSE] 7187l olct. LBAST
Aslst 91|77t Lej 7 K Hof| 7]%= (Reference
Station) 932 & GPS 4:417]& A x]8le] u]g] A
AbE B e2E 26 GPSof| Agsh= wWAlolth
28] GPS= AAl] $2217] 0| A Alaket $1x] gk &
= B XS A 835l FEAE AATeRE



# &5 GPSE T Fe3t YX| kS ALRRITHLH 4).
SBASL: DGPS9] 7|2 e= LBASQ} Zol5}
t}. thal LBAS7F B4 @ 249] A4S 7|23 GPSo
A BEdhs AT o 2A eatR g8 f4do AL
12 W4ETh AHEA S| GPSE AR $14o
A AH E"*ixl— Alste] @S A|AZT

SBAS: AAFTA| B &, A B AMRR} HEO
U 5 -
AFBAT= 3T A Foll LA Antste] et

HAL o o AL 4= 9l 7|&E, ZAlH,
A Y EYIZ Pl 914 FRLS SAkR
34 47 A= 940l A8k Qlek. GPS el
oA Awg Dk R o) xR ge e
78l A ol &t AA| SAsh g A4
& EPshe QAR AT S PEATh AR FE

Corrections applied
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error
Rover

correction GPS

transmission Position
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position

Fig. 4. LBAS (Local Based Augmentation System).
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Fig. 5. Earth's magnetic field vector.
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250, 3% 7IEE AME X y, 7, 359 WgFo g
AEEE ST 4 otk ol FY NEES 71
o2 BHe] 7120j7 Zwsl Zape) fsran
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MEMS AlM &2 A7k} 23815 o] FUAI T BE
oo} 2] YA At} moj= F7HE 2T
53] Ao| ZAIA & ARSA AAIE Alitste A
SAA 9 EZER Q3| Wilshs B 7HA 1L
Uk 2 AFolA= olHE dHE o AAEY
Aoz FEIA THEEAA G Ao 2ANE
BA3LY] Roll, Pitchz+e A3t A=7|AA =2
YawZh-& HASH= 1A o AR = 95kt

A AT A2 XA, AN E Z3E
T SR AT 2319 stedlols 29 73 ol
AR o, MAES ARkl A7 S3EA
S TEE Y= WY T AZEHE Y8
I} Zro] Tk

1Y 7 AZE o= GPS XEV AZHT
FAloll GPS aH ot A HFEA WS A &H o=
3o, stEo] ZEZF AZEHW o] FFEEY
o AN AL X&H oz SF7IE YA A ¥

S

<

L

Fig. 6. Coriolis force.

Fig. 7. Hardware for SMART Groundwater manage-
ment solutions.

- 0[0|A
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= ol&sl 7] ARE HEE A} HRAR ¥
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Pstar, TPl FAEH Aol EAsHH RS
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1Y 37 2nEoe ZF A 1 HEQ 7|5
° 2 37 89 D2 7Hi|zhe B8l 5T YRR
4 FAEAZ L3 Frolnh FH2 ol 7] #
53 R E e lew <A 02 3o f
Hzo|t @& £ZEH o9 wAx|F ol ARgA}
7t Rt 2] mE 3 JFoiE AR R
ZE33tA "ot @2 GPSoA| w2 x5 &3}
= Aotk FRe= %, BE, A%, AMFE X yE
Z95H, GPS A1 39| A& HojEtt D= 9E7|
O] ZpAIZkeltt. & AlA SF=gofol A BES Yaw,
Roll, PitchE &gglt} ©% GPS, Alxe] ZE A
g gfiolth tHgvlo]| AZ4E ZES F Yl X
E2 2 desh] Bk 62 A4 B4 HEolth
‘port open’ HES Z AlX 9} FAl A&}, ‘port close’
HESR A& T8 & 4= Stk @2 GPS 54l
HEo|t} ‘GPS open” HHES 2 GPSe} T4l A%},
‘GPS close’ HEL 2 A4S 7 & 4= qich ®
AR 93] T A WEolck New File' B1E 2
< ‘File Open’ HES =7 text HUS 222 &
243t ‘save location” HES 5 wiujtt &
Aol ZHxzo] A Eulof AAE T

3. A= Xgt+ AE HOIE HS

£ Aol 2R DAY A 2xEYo]

Fig. 8. Based software for High accuracy augmented
reality.
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off Rk AldE AR HeA e HiolHE
AEsHeh AA=HS 7Hte = 334 mdE
Aol WRHEZ 7R 3H, Feg= 7Hs/dH, vl
THI 7HsH, A e H, e g
g, "ed w9, 9 dEE SREE g3, F
THI I, HRYE, A, BRAE A
% A 7 FEdY, fEdEE S bl
EE a5ttt a5 Al 2ds AR

Table 2. Monitoring data representation.

Sloll F7stel Aske: GIS E74AA 2TES IS
st )

Yol H @ Ao AR BAINE ER
She mIUBolth (9] ShHAI = 7% Bate] B2
IS 9171 B<lo] 7R shek. @t @ 22k A
of A7 AelE BRISHe Al olT 97 A
Aoz ddEel glow @M Sol, AN
A 02 AdEe] glow @l ol 42 A5

Monitoring data State Representian Monitoring data State Representian
. Collecting well Groundwater
Operation Rotary pump water level level change Value
Discharge pump Groundwater
operating status Non operation Non-rotary pump Water level interlock level Flashes
Disorder Flashes pump Discharge pump rotation Rev count Value
: Water collecting
Water collect.ing Operation Rotary pump pump rotation Rev count Value
pum;; t(; It)iatmg Non operation Non-rotary pump Discharge pressure Pressure Value
Disorder Flashes pump Collecting pressure Pressure Value
Drainage pipe Operation Pipe operation Discharge flow rate Rate of flow Value
operating status  Disorder  Pipe non operation Collecting flow rate Rate of flow Value
Water sampling ~ Operation Pipe operation Collecting pipe flow rate ~ Rate of flow Value
pipe operating ; . . . ..
status Disorder ~ Pipe non operation Effective power Electricity Value
Catchment OPEN Pipe operation Active power Wattage Value
valve status CLOSE  Pipe non operation

Fig. 9. Software for augmented raeality of collecting well.
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th O Z2IH] T8 vEo|th © ~ W2 47
Z2I99] 7|52 F5ohs HEolth & AIA"ES
3715, 7S, 9SS, A4S
A7, A =7 5S ZFstaL it

SHAA 75& stedeld] 7tz gd 9
4 9ol FA o 2+ IR EE 574ste] ZUE
Foh= 7150lth GPSet AAMA 2R E dgE=
stEgol] AR E, ANAHEE AATES 2 by
sto] ALt S7bo] 7hesith BAl A2 9 AW
ot AAZFOZ AFH Z4F ZUE HolHE A
A7re 2 w@3).

AN AY R YHEE A, 4
Z 7FsdH, sirg s 7R, AeE The
g, Al B 7, e, AdEE
FHZ A, FeEE IS, HRYE, FsY
g, HRRT IR A0 5% 88y, &
BAYF, 74 #5299, 7L, Ak, 49
BEE HUE Pt A AR, SAH o2 #l7bs
stttk ZUE R HlolEof tigt A1, 24 #d
WA 3 204 &l & 4= i

FASE 715 AR SRR H ddEH= 5
AT} EASEAS 3DE B 7|50l
2 A AFo A= FAE 287] ) 4] 33 2
2 HgPug 2 (equilibrium equation) E+= Thiem
of WA Alg Mg Tkt SH 9lok AT S 9(H)
9] ARR)E ARk 5A ] SN 5
AR A2l S olgatel 54918 ol Rt
HAE A Ystal JTHTH 10). A 34 Q= =

= Ground surface
= Water table

- Wells

‘ Rivers, streams ’

- 0[0|A

&(m’/sec), K& BE5A15(m/sec)ol], 1 4
Aol A BEA7A Y A, & BEA A ] 53]
£ ojujgit}.

%l”(r_{) 2 3)

B A2EE THY AAANE Flo] gl
SAARE 25 cm ofahe] LR SAlztkeh. 7]
24 7158 MES Lot 24 AgAe] @A) 9
A5 H2EFPHYZ A5z 750, FAPE=
A= 7] 5ol A AAZEe 2 ERlo] 7Hs31tt. E
o, b, W Sol gl o] oA AR 7
£2 28] GPS $44159] $4l0] o2l BrE)

X HES 23T 5 AT DAY 9NZH 7]
2 TRk

715 AHgE SR AA AN 2R $1K
AR} AAARE AR R AL G Al
oA olFFTLY|ZEE HEE Gue FHHS
B350 thgA7ITk AR Bolxl 5 AYel N Ba
B2 G5 G 91X Aok A Ju2 A5t
(3% 10). 2 AR Yol A ALH HES Zshel
A WA Ao HEE A5, F A AP o]
Foto] A2Y MES SYstel £ WA A4 S
AT H53 F A AR SoR At
S0 AAEEE o] 83 YAl YNNG BEE
o AL HEU) Y FEL HiEgY2 A
wm, 4 HE] HT= oF 50 cm o|olck

r
(%]

Collecting Wells Observatio
—

n wells

r | h; H

Fig. 10. Equipotential line model.
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A 7152 e S7E AL AR S| (R ARSAPE B Rk S A Ko By
A7E AR BA AIEE AT 4 Q& 7otk A HFo] ZRssitH (™ 12). SFIAIE 7)ol M E AL
SHERe- ofF, B, FiSAE ot fXE ole 8RR AR H 4 B A #AAE 4 ek A

=9 g, H4 9 o]Fo] 7hsst, AREARS] BAY
AAE EATT. ELF ARSAY] B, AAIPE
£ AAZEe g Biklo] 7hsstn, ik, Bk, =9
—,—x] = s}olgt 4= Yrh(2E 13).

2 AFoMe sHREke AdE F EAR A

39 golE ¢ Astr2] AARE AS HolE et A
Eoto] o1& A3k} A3l A=Y BYE Y 9
YA R 9] 3D A =2 B8] 7R &l

Acquisition coordinates Xy Y1 Z1)  Acquisition .coordinates-(xz, Y2 Z3) 3"9&5}. _']—_V_Xé DE] %‘7(,]'%/\3] A E-‘?—J]OLJ 3D EE—:!_E]
Fig. 11. Concept of remote location measurement. I glojE AE9 A2 Aot LR R of 2}

<o

Fig. 12. Freeview function. Fig. 13. Guide map function.

Groundwater Factility Bridge

AR development toolkit

GPS

I) Augmented 6

Reality

Software

L Attitude

Fig. 14. Expand for Waterside structures 3D map.
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ngF, W, 0, B 50 FHAY L2 ER 9 o]
7hssch (1™ 14). 4L 3 YAARE 7H7] =R
259 3D RS FHIARES] 0Fgdy & 5
of) &-88 4= QIrH(Kim et al, 2016). E A1LE &
of e £F49] glolg A5 AT =
WA Y F2ES BUEHTY 9 A A g 7
7] 5ol 82 = IS AL 2 7|t sh= vlo|th.

Oft
-

>

4 2 E

B Aolae 274 714S BEe A %)
sl we) L AulA AAE At Sa 75t
NE % SR ) Zaks A4 Tiat 3D X
E2 2Hgsto] aje] AAZE AS dlolEe} A%
A 0|8 Aalse} i A B B o] 2
gtz shdct

o1 9t T YAAM, AHAANE A
3 shgfole} 74 27 AT ES 0|2 THE 27
A4 AL BAE TASA. 1AL £ Ane
Aofoll A AR F A A5HL A
ERg yites nEan BUEY HolHE o
Sal9iek RUH o8 s A5e 444 v
G n glol Z7ste] Asis GIS 744 £
Egjolg TR} FAH 2ZEYolE 914
Kok AN ZRE Qs dolE g Ao
2 uhelalo] 7|1 20] 27EA &=A S| vste] 4
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