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A Study on the Depiction of ENC Features to Apply S-52 Standards Under the 3D

Visualization Environment
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e AAE xdsE 712HA F2 WS Hole Zojrh o] 2ntEE B =9} e muld 7oA & ALE-etaL, si7]Hke] Auky
AA| 2o = ALE3E = A =E OpenGL ESE ©]-&3}9] 3D ENC ViewerS 7Heatth 53] WA 423K area object triangulation), B2~
2 wjgel o3k A ¥, FEl HY Q9] AE A= Tol il AAe] Awdth AstE SRS XFets AlawHAE =
(System ENC)<] 54%37]9} o] HFxo JABAE HESY H5s HASeArh
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Abstract - Recently, due to the rapid development of smart computing technology, there have been a lot of studies on 3D navigation,
and consequently the advanced commercial 3D navigation system and 3D VIS system are on the market. Even the 3D technology is well
known and wide spreaded, unfortunately, the secret of code behind is still unleashed. The purpose of this paper is to show the basic
methodologies to display ENC features under 3D display environment to meet the requirement of S-52 standards. The OpenGL ES is
used to develop 3D ENC Viewer for firther use on mobile platforms and web based vessel monitoring system. Particularly, area object
triangulation, complex line drawing, polygon pattern filling and symbol drawing by texture mapping are explained in detail. The result
of performance test is shown as table for correlation of SENC file size to display speed.

Key words - Marine GIS, ENC, S-52. 3D Navigation, Triangulation, 3D VTS, Texture Mapping.

1. M B

H gteol= HjOSE 7|We R dte 2ntE HFH
(IEEE, 2016) 714, HTML5, WebGL, OpenGLES %3 2Z&
3 7HAIEE 71| ded] mhE) sk tlolEl o] 339 Al

3 2 AAE dlolHE XFshE 43 Al Zslel] #ek AT Fig. 1 A usual 3D navigation system(Gold, 2004)

ghars] W83 9l th(Arsenault, 2003; Ford, 2002; Gold et

al., 2004; Liu, 2014; Musliman, 2006; Porathe, 2006; Rescha, AR = S-57 AYH FFo wiEl &Y Isolated

2014). Node), 91727 (Connected Node) % A& (Edge)o.2 #, A,
Fig. 1< 329 &ajr2ele] Aubd el w5g wojFa gl ¥ a3t ARE RAgsin, S-520] Azl 23 el upet

=, 33 S A AE AHS} §A9] o] AWE Fale] » spHdl] Z=AFTh S-57¢l FolE &3k A B (Spatial Data)= 2

o] Fu glon AAINEANAN F&% FAARE ogols] AUS HIFOoR ARFEE FASIAY] Wi 3DE TSt

A ®WolFEa gtk dafatel Al oLek S-520 wet A A 7loll AskA Sk

ANE ARE oz A5S & F Atk s &1, $=AX 9 (DEPARE)°| Y 4% %] 9 (LNDARE)&

T (Hole)o] 9= &t dgd oz FdH =0, 33 714138t
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334 S BHIA S52 HES A8 9T ARAE AR FHAGRe] B A7

AN E &L (concave polygon)S 18l 47}
EASHA e=th 2y E® 2D 71Hke] HAlEl g 3R THA|
3} g0l 17]7] Y84 Polygon Triangulation 52| 2+
Yol Hastrh

2 dATE 3z 7N E B CA 3D AAbEE Al AR
Tds] 93 712 AFEA, OpenGL ES9| 329 7}A1 3
A AES E9] 22 ARG zte AAFHEE S-52
Eo wel xdste W dis) etk

2 AT Fa 542 AE ], 534 187], 94
AG-719F 2 S-52 2d WS g92A vPos P
W §2 Ao, AT 2 W AAE 4H2tslete] 3
Ao R FASkE WS AFsta L A d ARE B

2. 72 My ol

Ford(2002)°1 ]3] A-5o= 3x¢ 3a&- 6H+(nautlcal
charts)ZH= 7lde] 47| o] %2 344 slke] Fr F3 3
2+ vl Al ]/‘44 Z7] & 273 B4, 32 131-‘201 oF
g, S hds A dstr] f1ek 34 U

o]
143 FA, 32k @3 w e ECDIS W
g ]

Fig. 2 Display concept of the first 3D nautical charts
(Ford, 2002)

Porathe(2006) = Aw&2AF 53 2 thdks WS F3
b el W 3k TAsE Ala"le] ded B F8AS A
Z kA
T3k ARCS d=9f o] 27

Ak (Arsenault, 2003), S-57 A&
A8} Alz=Flel] Fitate] FEEE ¢
2014), Holl= HellA F2ake
o8& 7HAIg} st S ERIT AR 4x- THAIShll
A (Rescha, 2014)% 3 & ATt

Ll

o] A= S-52 Fd AlzEe] #eE A (Lee, 2000),
E874<1 SENC 7ol #3 A+ (Lee, 2004), 7321 12k
AR = 283} (Shim, 2003), KML ¥ 3HOh, 2011 &3+
AT 53} e-Navigation ¥ ECDIS AMH]2 ZHo|A 9] o
2] d7-(Jung, 2015; Jung, 2016; Jang, 2015)7} <=8 = AT}

£3], Goralski(2011)+ 2 ®9ore] We Ael g Al

1) ECDIS : Electronic Chart Display and Information System.
2) ECS : Electronic Chart System.

o] Sl 32k Al ~"lo] '5‘] ARG E A e o]
2 71%9 B33 (Complexity), 1% #oke] R4, 44
TS 7&8HA Zete Tise BS54 I ol
59 1HES 51 ¢9Et e-Navigation® SO ® FE
3 gafa|=wlo] ALgo] A &3t & o2 etk
71E9 AT-E s Felstd, uiEf 20039 HE k3 &)

£ 9fg 3 7N Ee Jlidoel AYEALL, 2 o] F 2 33
e Al ~elol| A 33 ECDIS7ZHAl 7 H$I7E S35 9

oi_VErf':lo

ow], 20143 Aol AAD vlelE A Eeke 449 e
2wl Azglo Rk Wevt Sl Ao nel,

H A 2o AR Rescha(2014)E= WebGLE o] 43}
AAD delE A EdsEA s FA e 439l b8
of et ATE FaATY T, 44D NSt A2 DS
ARG} A 27hA 9] Mukg g A8 S-52 HES A

A o el whel s R Table 13 2t

Table 1 Marine navigation systems and the status of
application of S-52 presentation scheme

O : Applied, A : Applied on not, X : Not applied

Category Projection Data Structure S-52
legacy 2D | Orthogonal, | 2D Lat. Lon. and 3D
ECDISD Mercator Lat, Lon, Sounding ”
Legacy 2D Bird-eye | 2D Lat. Lon., and 3D A
2.5D ECS2) view Lat, Lon, Sounding
3D No 3D Terrain, Point and
Visualizati | Projection, Line Data (Lat, Lon, A
on System | Real World Depth or Height)
4D No 3D Terrain, Point and
Visualizati Projection, | Line Data with Time X
on System | Real World Series Data

Table 12] Legacy 2D ECDISE AH590S 53 dAAd =
Alz~El s e, Fig3¥ 722 25D o] Al Al 2=gl2
% =3
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Fig. 4 The application of S-52 display scheme under
3D visualization environment (Gold, 2007)

3. 3R JHA|E

ok

HE0M2] S-52 HE

3.1 S-52 Lookup Table

AR = AAE BAEH] Yelde A4 7tg=2a1 2 &
A F1g 20 ARE o]835l9] Lookup Tabled] AE =X H#
o}(Symbology Instruction)& FZ3slojof shr}.

FEH AEZX] WHold mg} AAE HAlst=dH, HEZ

o N

A ol 2314 A8H#E (Conditional Symbology), 3
A (Complex Line), 44 (Centered Symbol) 5 Th¥3 &
A el gk W&S T vk (Lee, 2000).

2 G A= 32k 7A s B oA S-52 AlEEA HEs
Ag3t7] A Yz ATEA, AFEHS A8 HxRAA
o A ekl 1er], B A 28], AE g7 %
e Af9-7] el s AwEh

3.2 ZEAA

WGS84 do|8dS Algste Axe| HolHE F9
& glo] 2w E Al (cartesian coordinate)ol] 2F=3FH
TFae BFeoR FAEA HA, sl 3
(Course Line)¢] A A #HZ(Course)®t THEA XA ==
ol dorz Ao e FalE == FA X (Rhumb

[

o

2

)
Loh oo o

[e

Line)e] dAXoz RdHE= F = (Mercator) S AH&31H,

oN

7@ =

ECDISE HAHAE=HE A&3sta ok

Ag=Holgd Arxo] A2 nAsta e A
z4sty 4% AA AFA RS 1oke THo R u9E
2 455 % 7k 7HFo] MY HoRAE EAo] Utk

AFERME o] Amel 529 FPdoz 17
A BE ggide] Axon aHAEg Myt &sjd 7}
A mow duA

3) B GWife) « AFmAds e o] vy 7

HEoA I LA ] dolst HmolAe) Hw 159 2
o] MUHE A WA shedl A= ERA,

M= 7915.7logtan (=+ L )— —— 1D

(23.268932sin L+ 0.0?25 si2n2L+ 0.000213sin® +...)

2 AFodAE gE BAE e Hx HE A

e BE AR ARS FAUd wet ve] Hgst
stAa, g, F4 % olss st o5 e #

AAZ etatgdrt Fig. 59 9&5E IAYEE mA gt
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tlo
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Fig. 5 The coordination system of 3D ENC viewer

JAG 2 Har|E AAse glViewport 3¢, HALG S
% (Orthographic Projection)s 73} Matrix.Ortho &7,
3l A4S o]%5 3 translate 34, 318 483 rotate
g 2 Az E AAY] AE #RE hd HxE WSSt
= MoveCenter &5 Z3fste] Axe|Le] HE ol
A 7 334 3 HEE W) Hxude] A
ol 3&L Fig. 8o ® At}

3.3 ElAX ool oJFt Aol S

OpenGL ESell+= 3"l g}¢ls glE 7]50] glemg B
Aol A= blaA] wjg 7HS AMESke] HEel 1eE]7] 7]
T, BEdA S, Fo] e ¥E AE ag] Ve ¥ o

& X
@ A7 7eE skl

HA Aline)S 718 @9 FAE Zie AHAP o m ol st
o] AEE whEsto] el= WReR el 127 Ve
TEsReH, A e A 2 Y il BubA A
A AE=Fig. 69 b)) 22 A=S AR FE8LE AN
gomd Bods Fdskrh 5-529 594l (Complex
Line)& A, A T Aade] muhA] st} e AEe A

< 18+ AFig. 69 (@) Z3ih

Fig. 6914 29 & FZ(modell) a, b, c, doll AH=
gk, Well I o9jo] AE A37)5 AARTFoEZHN 18
= AEel tig ARE A5t ® stfon, 9k A% 2
S Z(tex_coordi)ol= C, Dol k& XAst] A=, 7t=2 utb
EHE 345 Gste® shth

C #2 A= 95314 D @2 7I2 REE3IFE 9u|sH,
C#& 15 FiL D & 2 o9 Qejgto = AAstd, 74
7191 #els 28+ 9

Cot D#Z 4 1= FH AE shutS a8s 2IE A8
7], Co+ D & 747 2
m¥], AZ n3 AES vhEste oy s 48 2877t

7Fs 8ttt
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Set Model and Texture coordination

Glfloat model[]= {
0, a,// lower left
0, b, // upper left
W, ¢, // lower right
W, d// upper right  };

\ a,b,c,d = WGS84 coordination, W = width in pixely

i
Set texture mode to repeat in OpenGL ES and call
texture.setWrapMode(QOpenGLTexture::Repeat);

!
d e ™
Set C, D Texture Coordition
e =
L (vertical repeat count) ! r—‘ D (Horizontal Repeat ount}

! ]

Set Texture with

Line pattern Set t:’(::gglune Set Texture with
symhaitohs to bevre eated svmk_ml tnbe
repeated P filled
e — b) == r= c
(a) ) ) s SR
f Incase of \\ / Incase of \\ In case of \
C=1,D=n, C=1,D=n, C=1,D=1
the drawing result the drawing resultis i
is patterned line complex line
C=2,D=2
—-— e — = ===t . i’ i
{d)

Y i M od N LA

Fig. 6 The drawing algorithm of pattern line, point
symbol and pattern filling

3.4 MK ™ ZHH|o| Atzts}

OpenGLO]E  OpenGL ES°l&  2Et}Zz8(Concave
Polygon)< #xdle e EAEA Zeth dAxls=e] 5
ARG} S4A G Fa g4y AAe BT 5T o]

BE EUAYE 32 TS A FEEr] fsiM e
AHzrslzt dasitt ohaE o] Abste] wek FAl= #2100
gzt el daEe] = 1 5 Fok=2 Recursive
Ear Cutting algorithm, Sweep Line algorithm, Incremental
Randomized Algorithm®] F& 3717 & ag] o] gt} (Wu,
Poly2Tri). ¥ -+ Wuel WA E Sweep Line Algorithm=
Abg3te] AH4EE FalskTth

A 24 o]

Outer Edge

o)

Triangulated Area Object by Sweep Line Algorithm

Isolated node
°

' Right Face

Start node End node
The edge of $-57 Spatial Data

Fig. 7 Triangulated area object by sweep line algorithm

4) Qt= HFH Z2addA GUI Z213) 7w de] o=

2g3l7] 93 Axle = Ao T B3I AT

N g4gs A7goezr  EEd T OpenGL  ES
glDrawArrays S5 AlE-s] WHE Y3 Moz Ago
2R d4ge 23 AAY HolA )

Fig. 70 93l wkEsoixd
=5 OgE oA
Fig .8l XSt}

- Resize Screen

Size

_ Move to center

Of screen

_ Rotate screen

Apply above

- matrices

calculated

- Calculate Feature

coordinates
according to the
scaleand screen
center

Draw triangles
after

All matrix
calculation

Fig. 8 Drawing sequence of ENC features under 3D
visualization environment

A== FIHP X (Spatial Information)®t  £A4A
(Feature Information)”7} W2 A5 =] FIHHHE A
XA A AFD} T = 5 Y (Isolated Node),
Z (connected node) ¥} A ¥-(edge) 0.2 A %™, W A
g dAdste] FAsA "k

ol#)d Fx¢ S-57 FAR &£ AHARE AAs)
S-52 Look up table, Presentation LibraryS A#4d & =

oM oY

2
d

l

[

F2E AAsy FEsY Y. 2o e TEE tF
Zgzs  ZEads AT £ U= QT

(https://www.qt.io) S AH&3FATh
Fig. 9+ S-57 A% Feature®] FHERE He 2

s 22E welFm uk

aRs ZYE

Z

Al Aol FES LI
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o] 3]
CSG3D_8211 e
QVector QVector + XCOO: gint32
N XE%%,%S%ZQ cscggp:gi?t\ «typedefs + YCOO: qint32
+ YCOO: qint32 = it CSG2DArray + CSG2D()
~CSG2D
+ CSG3D_8211() B 4
+ ~CSG3D_8211() +m_Sg3dArray \ +mT592dAr!av &
o I
CVRPT QVector| .o ymamay $57_VECTOR
+ MASK: qint15 m}‘“;‘;‘?rd::r’ay + m_AlvArTay: CATTVAmmay
+ ORNT:qgint16 + m_Sg2dArray: CSG2DArray
+ RCID: gint32 + m_Sg3dAray: CSG3D_8211Armay
+ RCNM: quint32 + m_Vrid: CVRID
+ TOPI qint16 + m_VrptArray: CVRPTAray
+ USAG: qint16
+ S57_VECTOR()
+ CVRPT() + ~557_VECTOR()
+ ~CVRPT()
+m7\m'qk/
CVRID
CATTV +m_AttvArray ;
+ RCID: gint32
+ ATIL qint32 QVector +  RCNM: quint32
+ m_fATVL: double +  RUIN: quint32
+  M_ntATVL: qint32 c:tvpe{f“ + RVER: qint32
+  m_strATVL: QString WSy
+ m_Type: qgint32 + CVRIDO
+ ~CVRID()
+ CATTV()
+ ~CATTV()

Fig. 9 Class diagram of “S57_VECTOR” to store spatial
data of ENC feature

Fig. 10& =
=2 deeta 34
e A Fil

N 3D ENC Viewerell A X, Y, Z
3te] 2D AR =7t 35%S T4 A

Fig. 10 Comparison of 2D orthographic view and 3D view
rotated around X, y, z axis

Fig. 10014 9] 32 74 A e] =o] & a4 A3 2
o] S A8sA gom=z ﬁy,].‘:. 2D A2}l = 7o

= 170

Holw EF Fig 11014 ®el
3 AR gl B3t 03_?7} 94& Qvﬂ Fig. 13} %

AzRe FAE 5

"

{ ‘\/ ,fv\’\

Atk

Fig. 11 The concept of terrain reconstruction (Hormann,

2003)
x000 SRS

Zhs 3]l A= sbdd) WskdE 2D

SENC ¥} 18] 3D SENC dde] =z7] Wal 2 g A
of W& txaZgo] £ W3S Table 201 ®SIth 3D Ho]
HEZ Wg A SR Al 44 71 souARr taF
go] &&= 2u] o] Wl e g FsHon drFol
1z <tell fxaZd o7t &5 HeE AL
©=2 {7 CPU, 8 GB RAMS &
Jmzeral ab o)Al 5433 Octa
Core 1.9 GHz CPUTE: Zhz QtuRole AAL] AYA|
Note 4& AH&stSTh

Table 2 Correlation of file size to display speed

File File Size (kilo Bytes) Display Spd (sec.)
Name on Android Phone
(KR | BNC [ 2D | 3D 2D 3D

(+.000) | Senc | Senc Senc Senc
4F4G10 5969 4693 | 26135 1.8 0.8
5F4H31 3668 3215 | 35547 15 0.7
5G3B33 1613 1747 17229 1.1 0.4
5F4C21 530 441 2021 0.8 0.2
5F4C13 201 59 345 0.6 0.1

o] OpenGL ES& 3D A% Al 2~8S sl s 2
G vzl vE] 44452 CPUE AHgshe Butd E8
FoAME &HEAGE glo] LA FAFS on gtk

5. M} U 8% T A

E AZE B3 AF7AY s %A A BA] 28 (Marine
GIS)¥} 32k¢1 7FA 8F Al=dell Tt A& A5 S wgkal,
3749 e 283 o] AAY dlolel Eshe 4%
FallAl =gt Web 719k 33k FajAl gl s E HE
a3k,

B AT I 4304 e Alasls fEshr] Qs
Z GAIRA 329 7HAEE Bl S-52 RES HEste
WS AT

T Qs Al e Alale] JfddE BTt AF
A dHAA e dAsEe 33kl Bl Wl s &
1YEFS AFst A ZEE FEToEAN 3 2 W
Holl ik sHEA QA H Wers viEEiths o gtk

ok o} $ AL Sl ¥ 22 S-52 A 339 EE
el tigk A KA 8 FAA S Folut Zo] gt Hst
o §9 7ER FHE P& T3 A A Aos
AA A Fgk Aot

Azl ze] 339 T8 WS 2 Aol At R <
of ofg] 711 WRle] & 4 Joernz B AGE v|Hom
oz FEHola aA vhdet o] ¥ Wl #sh
AT7F T E vkt

A S-572 AFTEREE A AAE AP or Basld
FAEoF HuR A A% Fav taEgo]l £ WA
FEA oA edtte AL Ugtm, 3D ¥ AEE SENC +
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ag7] @ g2y 977 7heshs 8913
AgE Qe S-52 X+ 9] ReE Havt o= A
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