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A Study on IoT and Cloud-based Real-time Bridge Height Measurement Service
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Abstract

Currently, the height of ships that can pass under Busan Harbor Bridge is limited to 60m or
shorter, so that large-sized ships of 60m or taller cannot use Busan Harbor international passenger
terminal. Accordingly, this study has developed a service which measures continuously the change
of bridge height by water level changes and provides such in real-time for safe bridge passage of
large-sized ships of 60m or taller. The measurement system comprised of high-precision laser
distance measurement device, GPS sensor, optical module, and damping structure is used to
measure the bridge height change according to tide level changes, and the measured information
is provided in real-time through cloud-based mobile app. Also, in order to secure objective bridge
height data for changes to height limits and navigation supports, the observation data was
analyzed and forecast model was drawn. As a result, it became an objective evidence to revise the
passage height rules of the Busan Port Bridge from 60 meters to 63 meters.

Keywords: Bridge height measurement system, GPS, Optical module, Cloud, Real-time mobile app
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Figure 1. Buried new datum point

Table 1. Final results table

of new datum point

GRS80
No Plane of Projection  |Note
LAT LON HAE

X[N], m | Y[E], m | Z(H)
1 | 35-06-27 129-04-0 | 3255 | 279052 | 206078 | 3.09
2 | 35-06-25 129-04-1 | 3259 | 278986 | 206112 | 3.13 (r;naanr:
3 | 35-06-29 | 129-04-1 | 3256 | 279096 | 206119 |3.11
4 | 35-06-13 | 129-03-48 | 32.83 | 278596 | 205787 | 3.36
5 | 35-06-15 | 129-03-46 | 3261 | 278672 | 205734 | 3.16 \;6(;);
6 | 35-06-12 | 129-03-47 | 3256 | 278573 | 205762 | 3.11

GPSZ ¥E% HaghH) 9] Hulel S§V7I1FEE &
= GPSMO] &
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510 JAJE

FgHHo] o
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0l
ek A

S IEH0] TAIE B I A S22 GPSY
TRl ZJol= F]th -0.094m, F4 +0.018mE LIERATTH
(Table 2).

Table 2 Final results table of integrated reference point
Source: NGII 2014

GRS80

No | |aT | LoN | HAE X[:;a: oYf[EP]r,O::CtIZ:H) guetl’e"i(hﬁ) Gt
UI000 | 350640 | 1290141 | 17392 | 270445 | 200566 | 14447 | 14449 |-002
0998 | 351014 | 1290731 | 3493 | 286041 | 211435 | 539 | 548 |-009
w0999 | 350745 | 1290553 | 3461 | 281454 | 208951 | 512 | 515 |-003
w0997 | 35-10:51 | 1290426 | 4045 | 287171 | 206753 | 1092 | 1094 | 002

g A

Fagkaael diks Fld -

0.049m, E|4> -0.0132=2 LIEFITHTable 3).

Table 3. Final results table of bench mark
Source:NGII 2014

GRSE0 Publishe
No Plane of Projection GAP
Elev(H

LAT LON HAE XL m Y, m ] Z6 d Elev(H)

L7173 | 35-06-16 |129-01-1145.98 278708 201811 | 16.54| 16.57 |-0.04
07-18-01|35-06-12 | 129-00-01|99.68(278567 200048 |70.25| 70.26 |-0.01
15000704 35-09-37 | 129-07-36|48.70{284901( 211545 |19.18| 19.13 |+0.04
10-00-00) 35-10-04 |129-04-07 |64.89285733) 206265 |35.38| 3543 |-0.05

S7IEEY} =l tist GPSEE e wE
Azg 95 mast e7lo) ZIEET 2l o]
(Calibration)ot 21k FH 710l At k1ol 7} 8l
= AOZ LIERHTHTable 4).

Table 4. Final results table of calibration

NG Reftﬁf(A) CSQ?J?('E?)" EGAC-D) e
Z(H), m m m
1 3.0953 31126 -00173
2 31341 31513 -00172 Gamman
3 31111 3.1286 00175
4 3.3620 3.3786 -0.0166
5 3.1614 31782 -0.0168 Yec;);g
6 31147 31312 -0.0165
7158 At AS T sl IE w0 HelE
B 916 1 SfERe] o) BHS NG

— — { OffSet Line
467m(MSL

Figure 2. Comparison of higjt by location
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Table 5. Comparison of higjt by location
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Figure 3. Design height of Busan Harbor Bridge(H)
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Table 6. Comparison of Design Height and A9 FEEE =0]7] Qlaf F0](Buoy) & &3t
Observation of Busan Harbor Bridge o] Bl oJate 23liah oA} Ehshs A
v | G| 65— 2 0| HETER o] SIIBIT Table 7).
No| Height | onResult | leverin
A ® BuEER D=BA | C-D
Q 34.2. 4Ol X%
® | 66187m | 66813m | 0649m |0626m |0023m H= Ak= YRIE O HlolE 9] eFA S Q1610]
33, EJo|ES] ER Gl 4A17|ZHTime) SD7IE=0] AFERITE AFso) Aaredblh= BlAE(TEXT,
e ASCINTHIE MEE M HEAH)E AMgsio] RS
Ao AT Qs o] yRjg w N T =S SR,
2 AEIOIN ARRIOR F97} B SiRlon =
Rg7I0] Mol ) Wi glot i o 343 HIOTE @A
Zrzolq BEE HolHE ASsiirt BEE o
OlEHE HIL- BE5) I8 HolEls igep o HIOIEIS] S A SSEIS ol Ao
TR0 ARE RO|TEA0A] TBEE 20164 52 Zlolth & SELRFEH (Date), TSARFE R (Time: GPS
2420~ 20174 38 319 7AKI0 Hloletg Agaigy, O SIFT UTC7RD), SERIRISRGRSo] St 29
D), FEE0IGE(D) Y ASAlY] BRE 450
34, MMEE g oo|E| M ACKTable 8).

341 gO|N ZOEHEE

Table 7. specificaions of Electro-optical Distance
Measuring

Use Adapter

e il —

Measuring range : 0.05 to 70m
Accuracy:typically : 0.1mm
Measurement time : 0.1~3s
Laser class : Class I 635nm,
Operation temperature : 0 ~40C
Storage temperature : —25~60C
Power supply : DC2.5~2.8V
Weight : 70g

Size 1 72%40%18mm

Table 8. Input Data form

DATE:16/7/24, TIME: 15:31:40, B:35.17,1.:129, 06, D: 4, 299m
DATE:16/7/24, TIME: 15:33:40, B:35,17,1.:129, 06, D:4,302m
DATE:16/7/24, TIME: 15:35:40,B:35.17, 1:129, 06, D:4, 303m
DATE:16/7/24, TIME:15:37:40, B:35.17,1.:129, 06, D:4. 309m

344 BNEA
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71 RloliAl= EeF oz ZFRARINA AFRAZIX]
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3.5.1. Gateway?| /o

RF(Radio Frequency) $A17125E BHAE thal
9] sfi=TH1I] AF =0] AIA] HIOJEIE USBL] Ale]
A B4 018510] 41t

it 21200 18] =41%]= 9] HIOJEIE 2 Impd =2
A= TXT TRl AT

YYYY_MM_DD.xt O] @A]0Z 2016 58 24
HE] SR i mido] -5 Al TIolElZE A
30 QA AEE TXT S YHEESAE 0185
http://52.79.196.164:8080/2016_05_28 1} Zo]
&olo] IMPEE Uige & 4= QUCh

AOIELOlo| A= 220l oF ¥ 41%]= HIOJEE
ulofl AAshl 84 Amazon Cloud Server 91 EC2

= 0jds Mot ek

3.5.2. Cloud Server®| #+4

HOEIE Hishl, AREZOR HOJHE ©&
Sh= B8 OF Amazon Web ServiceQ] EC2 AHE
0]831 ATk Amazon Web Service(AWS)= A Al

150 ™x|=ut 2E™E, H47H H23. 2017

A = S2LE AH AHIAZ HolH f4 EXE
Flet e, =uiA el B ePREA} nEof 9l
of Qratal PRl AH|A9] 0180] 7EsSIT

EC2 AHolAl= AOIEHOIZRE HEE nds
Aot HHIYZRE 9] 1t & QFo thastial
AT

3.5.3. 3} OIEH 0| A T4

H(App)OllAlE= AWS(Amazon Web Service) EC2
AHE FE] 1EA 3YRIQ] ufde FE B, ez
O 4=x] HIoJH 2 HoJZ=a1 QUL
AYCHO] 75

= g+ HES 0185101 4l Hlo]

BHE 7R 4 QrHFigure 4).
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Figure 4. App Layout
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3.6. &= H|o|H

3.6.1. OjO|E{o| A

HoJElE 28 HHOE AT Jor YR, Al
7L Qe, A, TEZL, ASAlY) o0& 7850 9
L} A7) A9 BERAIQAS 7|E0F $AIE 1 Q)
of e|Lizt AR BE=7] QIEHAE +9(hAIRES] T

OlH 480 Qs ASHS HHAIAHA 2
H Si=H7IK 9] ARE S8 fo2 §8ts =
O|& At fleiAl= nzh Ao 2 EE HEA|
2H 71K 0] (h1) 62.1mE TialoF Sk

3.6.2. HO|E2o| of2i&
29| HZA] HlolA ol ofgh BIAFRS] SRl 3t
RfASteol] meba LEHe o e 2Alstd AR

GHIE Tdeiitt. 8dFoz e TolE7 e
S RACHH 23TH0] 719] HOTE 7} ~41%] OOk SiLE |

=] W MY Ao F QI A=V} AENE 2ot
510 2415 HloJEE £186,567710H AAAQ] H
OJE= 18584471, ol ElOJEl= 7237102 ol &
£ 03%% LIERITE H]O]E% Oﬂ_ﬂol s A A
7IR|2 LIERTE A RH ZER A7 71A
Z01 @RLof| whEtA] 4= ] Ol L= 2 Ol AllA]
O] Ag, HIANHO] B2l Yl S41419] o] 50]
S o= =uld o= /\]%T%T 4= Q= AFR017] w
Fol KEstAER B
=R, 2lolA Qw
7t QFQ1 AR(Table 10), AW, VS5H FIEHE=
FaE oL} 7|E} THE FHEO] 441 ¢F ¥ ZL0ltt
(Table 11). O AollAl= Al R ZLAE 29
13]0] Hi= FAZE 0L THE TloJE 7L 4=410] ¢ E &
= G0l ZAIAOH ZQIHOIE} Fst
SHALE 42410] Ot Bl A= EAM]olA] Kl Qlst
ALY

Table 9. Error type I

20160525 | 25310  B:3510798645  [:129.06678771 _ 8935 2247
20160525 25510  B:35.10795974  1:129.06678771

20160525 25710 B:3510795211  L:129.06678771  3.095 3252
20160525 25910  B:3510793304  L129.06678771 5514 3323

20160525 30110 B:3510792922  L:129.06678771 2769
20160526 30310 B:3510792922  L:129.06678771
Table 10. Error type I

2016-05-30 112207 B:35.10792922  L:129.06684875
2016-05-20  11.2407 B:3510790634  L:129.06686401
2016-05-30  11:26:07 B:35.10794448  :129.06684875
2016-05-30 112807 B:35.10795593  L:129.06683349
2016-05-20  11:30:07  B:35.10795593  L:129.06684875
2016-05-20  11:3208 B:3510795211  L:129.06686401

0069
0060
0062
0071
0067
0067

Table 11. Error type II

60601 185401 B:3510801315  L:129.06680297 433 0072
2016:06-01  16:56:01 _B:3510799789  |1129.06683349 4333 0060
20160601 18:56:01 4.285 69
20160601 19:00:01 4326 68
20160601 190202 B:3510801315  L129.06676771 4315 0057
G001 190402 B3510800933 L120.06678771 4365 0058

3.6.3. HIO|E{ 2| AlZ=}

HSHIOTEIE AlZtskeh Bat [AEQ] =913t
S5 glg & Rlon o7t EAlsh AEs A
HH ARO] Z% ofl2fg0] WoRith= Z1S &9
g = Tk ol HEA Q= Hol 2 AoA]
o9l A012 WA o= ZutlEs Aksoh= HiE
2]9] T Asl, QIFAOE EE Al7of ot Zle=
LIERSATE ofgiel ZAIE 7idsh] dut iisol oFy
A0l MY Zo QIeh Aot Lot T Jgks
A S Aaet g@aaE9] AlEol EQsitt

Figure 5. Visualization of raw data
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3.64. 40 3 A== X &= G|O|H 3.8. §|0|E{ ™ H|(Filtering)

= A7) =Ag 2@doly] flsto] AR e
=S 8 2 Q) UG IRES ZH W 0= 7} {7) AUE IS HolEe A AgAC] dde
H ARlalo) ekl AN ZUBE Holpg @ 7R ZHSERIE B, AIEPIEO] AR At
SEA), 20E HolE SAFES Aoy £ R4 VIEOR D] wio) S AR B
ElojEIZIo] AR =2 Hlal-AS 517 Slaf 20161 5 71 ol kel AR OARKS Tl ke, =,
2 URE 69 TAA 15U 2470 pExigs  HUSOIN PalE HOIH ERISA0) 5 H)
T - EAEI0) ASZTR= FoiEP 0.10m, ) El= 2124 0.3%24 0.16%2] ofei&& Holal o] of
A7t 0.00mol, B 0.02m Leplch. Hojaizh B HOIEIS AIZGR= 2R, AU, iso) WAl &
0.10mE LIERT 0] Z01=0] gl Lm 2o HA} FAIAHO] AR 2BURIZ 2917t BEE A 291
Sitiul R 71E0R U] JEEe QlE) AR S4E 12HRIR 29T 3550 A58 B
o] 9l W shz Z=Ho) QA mho gatoz 1 O E2 AN BT S HIwsk | f18t ElofH &
ERt Zoz Bagglon At gl gusox 55 F WS AR ARL A8, 85 8l 55 7180
e _7]:__9]%}2_ HolE Q] ]EH o7t 0.10m, B 11 ATE0] ARIE HEAILHOIA] HEE H|OoE e

Table 12. Data reliability varification

Date/Time Gamman(m)|Yeongdo(m)|GAP(m)| NOTE(m)
2016-05-24 00:00 | 66.69 66.66 | 0.02 | Max |{0.10
2016-05-24 00:05 | 66.70 66.69 0.01 | Min |0.00
2016-05-24 00:10 | 66.73 66.72 | 0.01 | Avg |0.02
2016-05-24 00:15 | 66.76 66.74 | 0.02
2016-05-24 00:20 | 66.78 66.76 | 0.02
2016-05-24 00:25 | 66.80 66.77 | 0.03

37. ZIBE2 HofE]
AZE HOHE H-dEsh] floh A-sidx
AFOIA RlSshs 29145 AFRE &0t O

152 ™X|Xot ZENE | H478 K23, 2017

Figure 6. Observaion data visualization after data
refinement

39. Hlo|g B3}

ClOlE] FAl| = AlZstel ClolEE 2% Halo]
B HOJRIEH TlolE] FAAJo] AAE F&o] o]
S520]) Tlo[E7} wikdl F20] LER = Zig =lole

4= QICHFigure 7).

Figure 7. Data gap status before standardizaion
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mebA] Aol T2 Hjole 29 S WiKlsh ] $ial 2 Table 14. Correlation Analysis between Gamman

Hriojg 2XE HojEE sREUeE BXskH O data and Tidal observation Station(TBS) Data
. _ _ DATE TIME  Value Hight(m)
OE|9] Bx7} JESHA LFERIES SlATHTable 060524 00120 456 095 Gamman _TBS
. 0160524 00320 4571 093 Gamman 1
13, Figure 8). 20160524 00520 4582 091 8BS | -099597 1
0160524 00720 459 091
Table 13. 5minutes standard standardizaion §8i§3§§j ﬁfiﬁg 2222 322

U605 2060505 160526 20160527 20160528 20164529 0160530
S AT Y N | WY - ST Fganmen B
o I Y SR R ST Y|
I T A R LT ST
T I RY BT R R E: ST
AT T H R LT Y

L. Figure 9. comparison of visualizaion between Gammen
I\ N\MAAA , data and Tidal observation Station(TBS) Data
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OIHE EUZ Alulo] E8Vts =0IE oI5 4
Chal & <= QICKTable 15).

Table 15. Linear regression analysis results

Regression statistics
Multiple R 0993254
R Square 0986553
Adjusted R 0986449
Standard Err 0049512
Observaiton 132
o Df ss MS F significance F
Regression 1 2337969 2337969 9537.288 16E-123
Residual 130 0318682 0.002451
Total 131 2369838

Coefficients |standard Err| t-Stat | P-value | Low95% | Up95% | Low95.0 | Up95.0%
Y 6742745 000801 8417.541 0 674116 674433 674116 674433
X1 -0.00962 9.85E-05 -97.659 L6E-123 -0.00981 -0.00%42 -0.00981 -0.00942

gl7IAlE 28l SEE0IE oIET HIo[E QL A
]

Table 16. Comparison of observational data and forecast data

Tide Forecast (M)  Height Forecast (M) Gap (M) Err Ratio(%)

2016-07-01 0526 105 66417 66.568 02263
2016-07-01 1127 0.28 67.158 67.269 01649
2016-07-01 1804 119 66.283 66453 02563
2016-07-02 0001 03 67.139 67.304 02454
2016-07-02 06:28 11 66.369 6661 03614
2016-07-02 1225 0.22 67.216 67.302 01281
2016-07-02 1901 126 66.215 66.263 00719
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Table 17. Tidal prediction ebb and flood time
and water level

3:30 12em Low
2016-05-24 9:35 11lem Ful
15'25 13tm Low
2200 119%m Full
Table 18. Actual ebb and flood hours and
water level
345 2em Low
i 124em Fu
2016-05-24 %15 2_cm Ful
15:59 27M Low
217 132m Full
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018 4= Utk Wb AZEE 885 B0l

o F2] A 240 H|oJE Hih= AA| HSTE01H

£ g80ol= 20| @Akes £ 4 QUTHTable 17, 18).

2 ¢5hs Adt 2811} I E SH01 Q401
I ZES W XA 2 Q1R SHAEQ1 Q012 Al
Qs \ro|E 2 JEHOIHE ENE A7k o=
£ 0l20] Urtal vrkel H=E tlojHE Ef
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(Table 19).
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Table 19. Verification of Predictive Data Using
Triangular Functions

=
Date/Time Real Tide (cm) el
Forecast By Tide Prediction (cm) Forecast by Observation(cm)
TR 20522 9102
2016-05-24 00:01 95| 79.128 91506
I20T0-05- 22 0002 Ex o, TToce |
2016-05-24 00:03 93] 78315 90.669
2016-05-24 00:04 92| 77.906 90.249
2016-05-24 23:38 115 81474 74980
2016-05-24 23:39 115 81.077 74538
2016-05-24 23:40 114] 80677 74.096
2016:05.24 2341 14 20276 23655
2016-05-24 23:42 113 79.874 73213
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Figure 10. Maximum and minimum height of
passage
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