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Design and Implementation of Navigation

Information Display System based on ENC
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Abstract

Domestic shipbuilding industries have the greatest amount of
orders and the best outputs in the world. Also, the level of
domestic technology related to shipbuilding 1s 85%. Compared
with advanced countries, navigation, the field of communicating
instruments, and technology of the equipment for highly wvalue
added ships are insufficient.

As a result of this, korean government are making domestic
researches of highly value added products of the field of oceanic
industries such as automatic navigation devices, navigating
equipments, and etc. active. Up-to-date navigating devices
include AIS(Automatic Identification System), VDR(Voyage Data
Recoder), ECDIS(Electronic Chart Display and Information
System), Sound Reception System, EPA(Electronic Plotting Aid),
and ATA(Automatic Tracking Aid).

As a fundamental stage to develop ECDIS(Electronic Chart
Display and Information System), this research has realized that
a function of basic navigation, a function of EBL(Electronic
Bearing Line) of a radar, a function of VRM(Variable Range
Marker), a function for referring objects, and a function for
displaying radar targets have been supplemented with Electronic
Chart Viewer displaying on a screen adequately to S-52
(Specification for Chart Content and Display Aspects of ECDIS)
displaying regulation wusing domestic ENCs(ENC;Electronic

Navigational Charts) made by S-57(IHO Transfer Standard for

-V -



Digital Hydrographic Data) data structure of IHO(HO;
International Hydrographic Office).

Also, the interface to convert output signals from a
navigational instrument has been designed and made after
analyzing output signals form a Navigational Instrument and
NMEAO0183, the protocol between electronic devices installed on a

ship to display Navigation Information from ECDIS.
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U, AAE U Debach webd] ofd 1ol 49 &3 EA
o) Aol 4 (3-2)sh 2tk

2 X dX Ucosf

At = (3-2)
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4714 di gste] WAL, O ool @ Awel ZEolh

Sobe] WAR S FAR Aol AeE AN FL AE FH5

g 5T 290 ¥%
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<Y 3-2> T FEA N FRE

<Fig. 3-2> Diagram of wind direction and wind speed

36 94 94 B Az

gAY 8l Al ~E(GPS; Global Positioning System) v =

AR 197090 #AGoR FHE A4 BPAY Axdow
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~570¢] GPSHA = wiAsto] ¢

4
dol aFol ATE 29Y E=E doen AP oA A

542 23 gof A, AFA 5o FPEt A, Au S
5 EY8 UGS, A4 A 5 Ho we Ropl $4HX U

GPSol A AlgstE FHEAE WGS 84(World Geodic System
1984) HEAE AH&EH, o714 AEEH = ZiE BUAY Aldow
+ AW av 63788137, HHE fv= 1/298.257223563, T H AT
3986005 10°m”/s”¢] t}.

rr

A A 9% e A 2ABE(DGPS; Differential GPS)-& GPS <
M71E 270 o] AFEeto] Adld S9E st Wl FxE ¢

= Z1A Al Mol z®HeldE GPS FAIVIE AAska, A4

=l
32

Akl A ALEE = HA SHA L2 DGPS 7le & 7Fd GPS
Alz=gloz Ao FejAlol= GPSE, DGPS 7|&=re] AXx¥ v}
o] Aqtk #FafjAlol= DGPS Al=dlo® 2tF WEkE = AJ2do|t

GPS =9 WH¥ AEEE <F 3-1>o FEAT. 2000 7]

=9 ZdY dlEH 2 v Ao 319l A S/A(Selective

_23_



Availability) T =

- 24 -

H
. -
R= wm Rmu Rmu m m
% : 3 2 ~ £ N
—
: : + !
—
. Mv . m T & Wy
SNE i £ == 3 :
J- o O < :
o m w© & o (i . b %
Lol = oo Nr il o
m 2 A LS © " -
% 5 oo i X ~ U B g S
i = Gl B O Z Ix
=t [ (63 5 o E * e | LT
Re)
A 3 N m Nr &) i " ¥
¢ m A9 N Wﬂ x 1 Wo | b
o < | R % Jo | N X
. = | £ :
™A 5P e MTM@ Aoﬁn% ¥
i) A 0 N I 3
4/} | i o |wuw| T a
. oh S lwrex| 5 5 .
: e
N = -
Vi = 4 "
/T\A T % _éu % ™ or
M_m S nDu = il M_m
) "] . = &
e fol- %o W %
fe]




_Z__l

‘_._mo

ojn

1
o
o)

!
_Zrl
,_._mo
ojn

of wz} thAa Aol7F Y+=d, A 1500m/secol 22 A Ao &

==
o

°]

N

a9

371747

HEoke ARE FavloA F4

A} o]

g 74

AA7A e Az

A ol A

5ol

i, 2(3-3), (3-4) ol %

s

(3-3)

1500 % /2 (m)(t: time)

D, =

(3-4)

D,= (1500t /2) 4+ d(m)

b MAE =

P
T

3

=AY

°|

=
o
)

A

0

H
e

X

el
_ZMO
<

"o

=y

ojn

H

ojn

ol

|

_EH

i

ol 4]

op

ol
K

&
S
N

)

irl
,.._.mo
ojp

o

rF 1
o

T
Hr

el

Nr

o

A AR 537 iAol =

3

At AAR diAE Rt A

&
Ho] Aee we wkAle] Hmrl gEpABR 7] E ] o

&
o
B

o

)

i

A2 o

i A &=

9]

R o

F3NAM 7t

5

o) A

o
=]

¢

—

U
)
Nl

&
S

k!

%

20 A9AR S

ol
;00
=0
)
vze]

5

]

)
e

pu

o

o)

L
;OO
—~o

)

gl

Xr=
o

2}
)

3 ol

E
=

aRIsf A | A 1

otk

10~30%=

[9].

_25_



E% @4 Aded o]y (RADAR; Range Detection and
Ranging)= A= A& At Aget W E FAHS= A
olth, Holde= AFAHES 71 2AYZRFE HAIgE HAlsta, I

A7k BEe REA wWALHA HEele: wASE Fase] A

= ¢l ARPA(Automatic radar plotting
aids)= #olgo] 93 X 2E BHEES AToly S50z F7 3

=5E 7, B9, A" A4,
TCPA(Time to CPA)E &Aoo w AAtste] FAIFFO=A, AL o
T AUAEE e A olrt. SOLASO A= 10,000=

e
tlo
01-4
”

)

ojFel Autel= oA or HASES sha 9]
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A4 ANED A D A

41 Az=" FAAE

ATl A TRt ECDISE @el R FAIA "] A

A

pas

m&
fol
Ll

<aE 4-1>3 2h S, 4 F8 AulERE dssEe )

rl

Az gaAds AA Ao HarldM gAE oz Hasts

Hol2%x, HAE dHeolHE Alx®dA AL TMEIEE
SENC(System Electronic Navigational Chart)® W33lo] H 7A35}+=

A 2kel = DB(Database), {22 ZFEHES o] &350 HAtsl =2 DB
o dolHE o HAAMEE EAstE AANE R (Viewer),
ool HAAoA fAd Aoz Wid Fuss ZActe] H

23 AFHo #AeE 9 (Conning) o= T4 %o 9t}

S Xoh =
DB

f=ie Rl =1 RE‘IEIIOIA

Conning

Sd9
0JA9
pasdg
3|Buy Jappny
peads puim
UidsQ
YddY/epey

<Y 4-1> AA AlzE" AL
<Fig. 4-1> The schematic diagram of the overall system
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42 A o] B o] &

A= M7 E Axd =S A 2o SENC(System ENC)
& W3teto] Fm S-52 A MEH =Y Aol we AFoR
s FASHA ot= tE=maE AT SENC W= 7)E
of /e & AFE3 2, ENC(Electronic Navigation Chart)?l
000 FUS Fof, o] & SENCSQ x.cel2 #%3t= SENC W3 %,
Ftg= 1 2 75 S ol&ste] xcatddl YR U AAEA
5], [15].

B =Fd Algd dAs = KP184700 ol Al o ~E U

ols X4 F 83T HAES A&t AH
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AEfF o] 2= Ao A Wgho] 7hadh N FTHE <FE 4-1>3

2

<E 4-1> g3 Aud =E€40s 4

<Table 4-1> The analysis of output signals by navigation

equipments
AC Step
MNEF 5 NMEA |- DC 4-20mA| 110V | Pulse By 200
0183 | £10 V pulse
Synchro Step
Gyro
Heading 0 0
Speed Log 0 0
Rudder
Angle 0 Y 0
R.P.M. 0 0
Wind
Speed 0 0
Wind 0 0 0
Direction
Depth 0
GPS 0
RADAR
0
Target
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r & ¥ ; I Z I T
RS 232
I N , Print
o
RS 485
ADAM 4017 ADAM 4080 ADAM 4521
H ( 4-20 mA ) ( Pulse ) ( Converter )
|
= - ~ -« w ~ )
g - 9
@ = k] 1 . ° @
2 (= [3 [E | % = $ 2
NP B « of 18 .
- o o L o
L 4 [ T a o g = ° =)
& 12 (3 || |8 3 < 3 g
o o = g 2 g =
& g El =l
=] =
d
ADAM 4521 ADAM 4521 ADAM 4053 ADAM 4053 ADAM 4053
1 ( Converter ) { Converter ) ( 16 D/L ) ( 16 D/I) ( 16 D/I1)
l Serial ' ’ Serial | Serial synchro Synchro Speed
I Converter Converter Converter
Gyro, Speed, R.P.M, RudderAngle KT s
s a
’ Wind, Depth, 5.H.P, DGPS Araie e pee

o I T I X I T T

<3y 425 AE o) sgA ¢ BErhe]o] a3

<Fig. 4-2> The block diagram of an interface unit

<9 4-3>
<Fig. 4-3>

Q1B 7 o] 24 A

Interface unit
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4.3.2 NMEA 0183

T4 AUt 4dd Agslel s Bahe] gl
e ATF FAS 7] A FeFolrh o BA FFe el F
WA St i thae] A7 APdelE A5, ol
Wge AN, HE, A, o

Standard Code for Information Interchange) &2 ¢ 2 43t}

ek

3 55 ASCIH(American

NMEA 0183¢] A7]43 542 <& 4-2>9 2t

<E 42> AWAZ EA

<Table 4-2> FElectrical characteristics

A7) 49 =4 A el | Switch Bit KRy
- idle, marking 1 OFF stop bit | -157+05 V
+ active, spacing 0 ON start bit| +4.07+15V

D ey dF

o] H4+E& ANSI(American National Standard Institute) 3
o 93 vlEr] AlEYE FAolt. dHoly HEF Fxre <I1¥™
4-4>9F 2Zom HQ #olEEX 4800, dHlolE B E 8 ] E None,

A MEE 19 A% HeuES g

A% do]lEE ASCH A2 W3x i 8 bite] Holg HE F
7V 8% D72 4 02 AF. <E 4-3>2 o " #A
o]},



8TOP
BIT

D7

D6

D4

D3

DATA BITS

D2

D1

DO

START
BIT

<
0

o
4

o] &

<Fig. 4-4> Data transmission format

<Y 4-4>

A

fLN

=

=]
RN

Al

5T
it

)}
2}

o o %7}
o A

2}

=
o

N
al7

ild

;L

I =
L &

}(Checksum)

ko)
H

A

4-3>

j\—ji_
13
10
36

<
DECIMAL

42

<Table 4-3> Reserved characters

HEX
0D
0A
24

2A

4
<CR>
<LF>

o
=

]

=
a

5T
it

ZFe] 1670

R

=

ISO 8859-1
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33
92
94
126
127

2C
21
5C
5E
E
F
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(o]
2
I
&
[>
el
I
)
I
=y
i
M
>

2o Fze A 22
dol, #A & (Check Sum) T&&4, AAF § 2=, 85 £4
<CR><LF>Z FA450o] drh. g~ A= 5382 FA5H,
A 28AE A, Uz 3RAE ARE Jedt. 25 dAA
T 11~792k oo FExpoln, Hu 2%

5

olH= A #=

3) A71A <1 Qe o]

o _ OPTO-
ISOLATOR

R 8 PROTECTIVE

A CIRCUITS ‘}F?‘ }<

TALKER o

LISTENER 1

OPTO-
ISCLATOR

PROTECTIVE ‘}r <
CIRCUITS =

LISTENER 2

<9 45> A7 AR QE H o)~

<Fig. 4-5> The electrical interface
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4.3.3 NMEA 0183 g3 And 8235 74

1) GPS

$__GGA hhmmss.ss,lL1L,a,yyyy.vy,a,x,xx,X.X,X.X,M,x.X,M,X.X,
xxxx*hh<CR><LF>

GGA A3, #1A

hhmmss.ss @ & 1 *9] EFA

1L1L,a P =G/

Vyyyy.yy,a @ dE(E5738/47%)

X : GPS A5 &AL, 0-7

XX A Sl ol &sk= A 7, 00-12
xx . TFRA A ek

x.x,M ¥yt Sl aL%, meters
x.x,M ¥t s H Y meters

x.x  DGPS dlolg of o] #](Age)
xxxx - DGPS 7]#]= 1D, 0000-1023

2) A9 2 (Gyro Heading)

$__HDT,x.x,T,*xhh<CR><LF>

HDT : w17

xx,T © 397
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3) A% (Doppler Log)

$__VBW,x.x,x.X,A,X.X,X.X,A,X.X,A,XxXA*<CR><LF>
VBW : dix]/d 4 &%

X.X T W3 g4 &% knots, "~ = astern

XX 3 % 5 £%, knots, "-" = port

A g5 &S5 ZH, A = F5

X.X Z W A %%, knots, "-" = astern

X.X 3 w3k A &%, knots, "-” = port

A HA&E= AH, A= F5

X.X Aul 3 wkek g4 £ % Kknots, "-" = port

A Al i £& AH, A = &

X.X Awu) F "wkek A £ % knots, =" = port

A DAm F E QA SR AH, A= fE, V=53

4) GPS A%

$__VTG,x.x,T,x.x,M,x.x,N,x.x,K,a*hh<CR><LF>
VTG : BW9le Az 2 &=

xx, T @ TWHY M=, Zo]=

xx,M @ e M2 wadg

x.x,N @ A &% Kknots

x.x,K : A %%, km/hr

a CEE XAV
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5) Bz

$__RSA,x.x,A,x.x,Axhh<CR><LF>

RSA : E}Z(Rudder Angle)
XA ¢ 2BHEE EE i (Starboard or single) ERZE, 2 EY

DBT : %4
x.x,f 1 T4 (Feet)
x.x,M : 4 (Meters)

x.x,F 4 (Fathoms)

MWV @ =%, $%

XX 3 0~359)

a Al FFR), Ad FFHT)
xx 1 ZFH

a & a9, K/M/N/S

A AEHl(A = FE, V= F3)
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8) Az A

$__RPM,a,x,x.X,X.X,A*hh<CR><LF>
RPM : <lxl 314

a D ARZE(S)/AZ(E)

X AR e AFEZE WG,

XX : 3A &£%( rev/min, "-" = WrA A Wk
X.X zzAy 9 X2( % of max., "-" = astern)
A CAE(A = FE, V= Y E)

9) #loly & X (Radar Target)

$__TTM, xx,X.X,X.X,a,X.X,X.X,a,X.X,X.X,a,c~C,a,a,hhmmss.ss,axhh

<CR><LF>

TTM : #dely &%

XX 53 W3 (00~99)

X.X B A EE7A A8

x.x,a - =% W9¥, degree true/relative, T/R

X.X : CPA A4

"_nm

X.X . Time to CPA, minutes, = increasing
a DEE/A" 99, K/N/S

c———c: EBRX °F

a =% JH

a 7l ER

hhmmss.ss | EFA

a CAS dH(AE /T S)12]
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#o] Y5 (Gray Code) Fd o2 A$HAT} 43 E= <218 4-6>
o} o] 34 AEZ, 100-100-110-010-011-001-101 HtEHo =z =

det. Aoz 6 &5(Step)o] =9 HW WHZA2 1°7F 35

25 AT S olgste] WA A 4 A8 FrbE dieid
1/6°% dleks A1 02, 03, 05, 07, 0.8, 1.002 v He sl
<2 4-6>% 9AA FAZAS Wl Step Motord] I ZES} =

Aolwrzre FA7e ARG Y Alojuz ALL BA
=], o2 =W 180115 WAEW, 5 A7F 1803 Astd 360°3

AstA =™, 71 8](Gear Rate)’} S5 ATETE =55 v g

-
Switch P4

<Y 4-6> 2¥¥ RE IzE WD =HAT
t

<Fig. 4-6> A step motor circuit and output signals
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o Hdl RPM.o] 150¢%1 4FE 2Hs%E 0.1RPM.9] &35S 7}

(

o RPM.°o] 100RP.Mo] L, & gko] +5VoelH A RPM.&

<2 4-1>3} o] Akt

A ==k 5V
M. — ——— X100 = ——= X 100 = P -
RP.M 0V 00 0V 00=50 R (4-1)
=9 A F40] “+7% Ahead, “-"+ Astern©|T}.
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4.3.6 4-20mA

4-20mA AFA e duzte 8w AEHL o,
Aot g 2ol W (open)H @ AA Al z~glo] Aol FZHhol
BuA gfouw IR A FoE dtofof k. woly %

oAt A% 4-0mA AEE FREA Renz FPwd w9 A

N e

3 bol AR A

tlo
ol
folr
Ll
2
2
2
folr
il
E
rlet
ofr
ol
s
)
5\
ot
v
o}}‘l
AV
2
o2t

-2
& 125Q AYWA TS ARE Sl

4-20mA°] A TAZE A/D WBI WllTE 12bits®E, FTF
2 gtz tie) -z 01% o) BHeS AT ole F&
gt Zhel thE AMEFY] Ralwel 155 Eetd HAg ol

ek

2
9
e

n

AF 22E 7oz ¥dd v 4-12mA+= 3Fd (Port),
12-20mA <= W (Starboard)= YWEWL. & =W FHd ozt
40°%1 A% dmAcl A= d 40° 12mAe A= 0°, 20mAdA =
g 40°7} @t}

F 2 AmA°l A 20mAAFel o] Aol gl 16mAE 3600 E e
ghol Sxol AFgtel Wi 7FEA7E dvh @A =gkl dmAE
a4 5 7teAE wobd AAY FEge] AAET. dmAdAM =

0°, 20mA 359°°] t}.

4.3.7 2008 2~

200ppnme] o]w] = Auko]l 1A]ZF F<9F Inm(nautical mile =
1.852km)< &3 st S uwl, 2008 271 WA EH lknotd 2ol
= Yulolt}. o] AL Speed-Log®FEl 200ppnme =S ol £

EAL QAR RS AX Adure S5 A
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=

!
gzt 2008 29 FZHo] EEZZ2 (Photo-Coupler)ES %3] #=x

19 5 W Aol A (Positive Edge)oll Al Eg] A5 o] 71EEHE AA

A A EE WHEAHoR 1kHzY 71 H22 24

Of

24

0
o

o

L AE A8F AZE FSAA dEHE s A,

Ho

dolHE dAANze Agen A= JPd Aol o AeHES
Agg g3z ol A ¢HzE Fo

Sol, <4 4-4>o] wEt Moz AT 20082 M

e}

N
= =
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2
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rlo

w7t Ue 4G Be WAYFIL DolAM ANTOE BT

J
o
1py

% Qate] Brbsd o] WAoo Ad Ha Az Auol

rr
otk
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N
-
&%

rr

Alade] Fgstel dAAste] AlddAze E96)

t = —(ms) (4-2)

p = tx< 3600 < 1000 (pulse/hr) (4-3)

_ _p__ £x3,600,000 _ 3,600,000 18000 . .
200 200 ¢ < 200 c

S

c: TH-E 9, t: pulse =, p: A PE B4 s AHE S5 (nm/ hr)

59 NEPAe TEAZHS 44 $Ae] AHL g, H

Tole XEAEFY WAl AHle A H AT dd A

16bits = 655357} A

AN
M
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%
]
\V
rlr
N
Ho
AN
to
fu
ki
o
=
N
Ho
AN
rlr
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A%oR HW B2FIh 5 HEe] ol2HE, 44 ZZE o]
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438 AC 110V ==

51 S1

o2

g 33 32 s3

E324] E3 40|

<a¥ 4-8> AAar dA7er FAl7]
<Fig. 4-8> A synchro transmitter and a synchro receiver
AR AEdes <YW 4-8> A=z @79 A7) A

Awo] UElE wlel Zo] mF ARALL HelFomA Bia

719 A Ael AA WAkl 7t 34 WM f7 Aol WA
st dele Ao gesh ok 17 3% BAg wAtE
Agge AAAA AN AZF] W] W] Abo]o]
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FAGatrh, Hol HFEel o doly AHE 1Ela fxde ¢
3 24 7AEZ(DDC; Direct Digital Control) Al~®lol A A 27} A}
|5 U 2 olfre wol=o AT vt olyg, HArE HA
g AE® W= S/D(Synchro Digita)®¥ 37, gx g 2352 A
a7 AMazz W3se D/S(Digital Synchro)¥ 377 2E3), ICE

Hol A or Ao = FAgol st HAY] wWEolth. &

o ol = Computer ConversionAte] 12bit S/D W37] S A& 35} o]
Aaz NEE gAE JEE A 3 OxE gPNEE o] 43l
V=& AAsE T

439 2~

Sol mlegste] HAE WYY, FHH2 HuHge 12VolH,

24 60m/sol A 1710Hzol o). 42 A7 a Fha e
g AbgEte] 12 F/12 F3EE o], 85 ol ¥4 7@
+ arh
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T Al
2o A A Windows 2003 Server
A = Visual C++ 6.0 -
Measurement Studio 6.0
CPU : Pentium4 2.8 GHz
RAM : 1 GB
PC HDD : 120 GB
Color : 32 bits
Monitor : 17 ¢ X
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<Fig. 4-9> A signal setup screen
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CDC *pDC = GetDC();

HDC hMainDC = z:GetDC{MULL}:
HDC hTempDC = z:CreateCompatibleDC({hHainDC);
HBITHMAP hTempBitmap = ::CreateCompatibleBitmap (hMainDC,WIDTH,HEIGHT};

I HBITMAP hOldBitmap = (HBITHMAP)::SelectObject {(hTempDC,hTempBitmap};

HBRUSH hBr = ::CreateSolidBrush (RGB{B8.8,255));

z:FillRect (hTempDC, CRect{B,8,WIDTH,HEIGHT), hBr);
DeleteObject (hBr);

HIGCON hIcon = AfxGetApp()}->LoadIcon (IDI_ARROW);
z:zDrawlcon (hTempDC, 8, 8, hIcon);

point = pt;

ptX¥ = m_HManager.GetXFormedPoint{point};

pt¥¥ = m_HManager _m_pProj->s¥tolLL{ptX¥);

double lat, lon;

lat = SurfaceUnitsToDecimal{pti¥.y);
lon = SurfacelnitsToDecimal{ptx¥.x);

strLon
strLat

DegreeToFormattedString{lon, 1);
DegreeToFormattedString(lat, 8);

CString strdY,strivi;
stri¥.Format {_T(" %s5'"), strLat);

<Y 4-12> w2 A FA A =

<Fig. 4-12> The source code for mouse position display
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<Fig. 4-17> Safety depth bm <Fig.4-18> Safety depth 10m
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<Fig. 4-19> The function of VRM
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