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ABSTRACT

Due to the increasing demands of monitoring video and collecting evidence
for the enhance of security, safety and surveillance of vessels, Various types
of Night Vision System (NVS) have been developed as an effective solution.

The design of a NVS needs to adopt high precision in manufacturing and
ability to control the Pedestal which a searchlight and day/night camera are
mounted on.

It is essential that the NVS is able to track a moving target by the receipt
of a set—point change signal from an ARPA (Automatic Radar Printing Aids)
radar. The addition, it should keep to maintain the directivity angle I spite of
the position change and movement of vessel in the most gruelling
environment of sea.

In the thesis ar designed the controllable units of the NVS such as dat/night
CCD(Change Coupled Device) Camera, 2—Axis Pedestal and Zoom lens. And
also these units are applied to the NVS and is confirmed the performance of

controlling NVS by the experiment.
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seelol AA0] 24 NVS) 2ol tald wAE @ f el AAel Baw 4

NE 93 0 AT EUE TAS SN E NVSe gAlste] 1S s

2 =52 WA A 6 AFE TS 5 B2 Falste] A&t Al %
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2.1 Night Vision System T+ 8%
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2.1.1 Avte]l 5 4 xA
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F 3 F 3
HEAVE
a3 2.1 Ad 6-AFE +F AR
Fig. 2.1 6-—Degree of freedom motions of ship
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¥ 3| A5 gtk ¥ 2.29F o] =y de] HAsA olEste= FHIA WHY
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o] Hrakulo] wWEtE #I A 3] A (Coordinate rotation)o] LojwkS o, <3}

(Stabilization) & A7} oF7] €t}
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Fig. 2.2 Displacement of the coordinate system
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Fig. 2.3 Rotation in the spherical coordinate system
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Fig. 2.7 Conceptual illustration of the effect of the TDF structure



2.1.3 4 FF 7] (@ely dHolg )

RATTM (RAdar Target Tracking Messages)

4 T T T T

——Target1
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——Target3
3F | —— Target4
——Target5

Target6
——Target?
2F | —Target8
——Target9
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——Target11
——Target12

Target13
——Target14
——Target15
ol | ——Target16

Py

Nautical-Mile

-3 -2 -1 0 1 Z
Nautical-Mile

RATTM (RAdar Target Tracking Messages)

0.2l ——Target1 .
——Target2 A
——Target3 | "

— Target4
—— Target5
OF | —— Target6
——Target7?
0.1} | — Target8
—— Target9

0.1F

Nautical-Mile

0 0.1 0.2 03 04
Nautical-Mile

a9 2.8 RATTM I3 =
Fig. 2.8 RATTM graph



FFl: 0 220 Aesht, 1 FolM ARPA doldE ol8d £4

2.8 ARPA dolfZ%E 4% RATTM(RADAR Target Tracking
Message) S T2 el Zo|th, RATTMES d% F7|7F d1 Holee AEA
o] Wolxth(19 2.8). 1A o9 27k WS Fete] o AA WU XAYPIE

1)

A, MEE Adder Tl g8 mES FaE A% 24 9219 A

nfo] L = oz AEo7 ZFgstr] wFEo| LPF, Kalman filters2 %3 2%}

dolxl WEE vlg o2 Tayler series WHS &3 HIPHS 333, thA] LPF,
Kalman filter 52 %3t 22 AA W AFH3}E =38 st}

Taylorseries = xz(t, + At)= z(t,)+ Atz (t,) + 0.5A%x Yt )+ 2-7)

bA S A AdE Y @) E wtgeR 79 ts A9 de
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d 54 QA lA LPFE Faatlth. LPF Cutoff frequencyts B2 HHES 3
o

0.024HzE Agssltt. 5449 o35 83 Fo17] | wl§ &2 oz Ad
selon, Hag g BY g
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Prediction of Ship-position with ARPA-Radar

-035 T T T T T T T T T
Measurement
----- Prediction by measurement-vector
04- Prediction by differential-position

-0.451

|

o

o
T

-0.55F

1axis Position (N/M)

-0.651

g

1 1 | 1 1 1 1 1 1 .
740 760 780 800 820 840 860 880 900 920
t(s)

19 2.9 ARPA dolddlA A X9 o=

Fig. 2.9 Prediction of Ship—position with ARPA—Radar
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2.2 Night Vision System¢] T4

NVSE 79 2,103 Zo] DVR, Display Monitor, Image Stabilizer, MCU (Main
Control Unit)o] Ax]xo] 9= Remote Operator Workstation ¥ 7z}, & @dl=,
golx  AMAete]EE AloJstE ECU(Equipment  Control  Unit), F ¢
DD (Direct—Drive) ZE{ ¢} 33 Apol= AIM7F QEHlo]x Hol 9= PCUMGIHIAHE
Control Unit), Stabilized Precision #H @ A8 2 T4} th. Stabilized Precision ¥

Hla"el= ECUSE PCUS F Ao} f3le] AHH s sl

Display
Video Signal
Image Stabilizer ‘Communication Line
_\ inerface
el E| ( om o
RADAR el bl P
GPS » O B
GYRO . =
MCU
(Main Control Unit) ARM Core Based
PCU
(Pedestal Control Unit)
Remote Operator Workstation

Stabilized Precision Pedestal

1% 2.10 Night Vision System?% FA %
Fig. 2.10 Night Vision System construction Diagram

NVSE MCUZE %38to] ECUS PCUE Aojgozn E=o] HArt 713 2.110A4
HE Zy o] Ao AlFE RS422 WA oZ MCUA ECUS PCUZR HAl¥ v,



ECUS PCUE 1 Ao A5 WHy JRE F43510] AFoolg W AA FAES

% AR
W AVR based B'd

System Operation Keyboard
g 12
IRIS, ZOOM, FOCUS RSA85 SAvRE
e rol
RS422 RS232

Laser Power &
Beam Control

RS422 RS232 Laser Search Light

RS422

NMEA
Buffer or
convertor

ARM based B'd

RS422 RS232

:

RADAR. ZYRO, GPS
AAZ, AEL(JOYSTICK)

% 2.11 NVS9 Aoje} T4l 558 E5%
Fig. 2.11 Control & Communication Flow Block Diagram of NVS

2.3 Night Vision System9 7]%

NVSefl:= 370¢] Control Unite] A A& ¢ tt. MCU, ECU, PCU o] Z+7 43
e 715 ve 2

3% 2.1 Function of Control Units
Table 2.1 Function of Control Units

Function of Control Units

o = U= Ao
e oA MA o] E Ao
e JirEl Ao

ECU
(Equipment Control Unit)

® ARPA Radar, GYRO, GPS % @3l &u] <lg|#o] A~
® ECU / PCU 99 &4l Qg o] A
® A}gx Qe Ho] A : Joystick, LCD, Keyboard

MCU
(Main Control Unit)

® Stabilization : 0.1 degree with OGC

® (Coordinate Transformation :

— Ship Rotation —> Azimuth & Elevation
® Precision Motor Control : DD—Motor
® ARPA #lolt s} xol~Y A%

PCU
(|24 Control Unit)




2.3.1 Equipment Control Unit% 7]%

ECUx= #ltl~d e gitel e 7hlel, & @z, dlo]A XA gelEE Alostr] 9
] AxE Aol fHlolt) ZF AH)| S-S RS485 T RS232 WAl o2 ECUS 443
Stk ECUx MCUSS 4l gJeow 7 AuEd e FAS F8stofol 37| o
Zn) o] EAo] k= ZAl Q| Ho]AE A A EAT

CCD 7idlgt= Wo| gl okt #Ygo] 7Me3st x4 %% CCD 7iHgtsE AR
SR o, 47 AoE 95le] RS485 T4l WS ALt ¥ 2.2 JhdEte] =
EEZ| fgt x5 yekd Folth. F 11ByteE 7FA™ Wi ON/OFF, 3
Up/Down/Left/Right 7)< ECUCIA vtz AE38tA €},

¥ 2.2 FdEr TRES L2

Table 2.2 Camera Protocol Construction

Bytel | 2 3 415 6 7 8 9 10 11

CHECK

Command| STX | ID | ADDR | Command | DATA3 | DATA4 | DATAS | DATA6 | ETX SUM

CHECK

Return STX | ID | ADDR | Command | DATA3 | DATA4 | DATAS | DATA6 | ETX SUM
dsez & dzs 471 s 2AE AEs] slsiA dAsiov, ofdra
Aol A7 RS232F o] &3 Alo] WAS AT F ATelA = RS2328 o] &
gAoR dz=E Aofsditt. & 232 & d=e IREF x5 UEhd Zlojth

ECUE 99 & Fx= st dl=d IRIS, ZOOM, FOCUS H#HE A$stA =t
¥ 23 F A= TREI FX

Table 2.3 Zoom Lens Protocol Construction

Command Block Data Construction

Data Length Function Code Function Data(Variable Length) Checksum
1 Byte 1 Byte 0—15 Byte 1 Byte
Data Length
D7 D6 D5 D4 D3 D2 D1 DO
D7-D4 : 0000

D3-DO : Function Data Length (0—15)



ECU 7|59 wpAeto® golA Aajete]E Aozt it A x]2ke] E2] ON/OFF 2}
W2 (BE Alo]), LD 39 4] sk ¥& s RS232 4l WA oR dFsiA @

=

2.4 #olA MARelE TrER F2
Table 2.4 Laser Searchlight Protocol Construction

Start Code Command Code Checksum Stop code

1 Byte 2 Byte 1 Byte 1 Byte

ol ECUx NVSelM %A A& 9 AlAHF-2 Aloj7h 5 7)ot

2.3.2 #H e A~8 Control Unite] 7%

PCU= dldAd”e] 2713} 43, 45T 7los FRerh 278t 752 4%
stedlojsl AT ESo] WMLES X275t VlEeltt T3 kY3 75 F Aol=
AA, HFeolE] 9 Aol dauelFoR FAE, F zo]E AlAE Mute] ¥, 9
d, 299 S e ES ArSE ASee] PCUR dF3sith. PCUE FA4ld A
8ol 3 % 3 5 AES duA"E ] o upebA ezt m7he] 2% 9] Ao

ARPA #oltZ3E We JuE ol g3tol, 4lue] ol Batuiete Ausdo] 34 ¥
4 Agses ok

olf & 7le= dh= PCUw HUAdE AojE fd IAFAZHN, AlA AE o]~

B, R ZEE Y, dFelolH TE ¥, BAY $O8 TARAL A Aeelx

r M

ARgste] A AloE Z&AoR EF Ao, dFdolE FE T AR
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2.3.3 Main Control Unit9 7]%&

MCU¥E WA ARPA #olt], GYRO, GPS$} z& dsjan|7t g #o]A 1ol
ARPA #Hold® ¥E %2 AKX, GYROZRH A A4 AH, GPSEHFE A9
AA ARE FAlste] RH7EA ] AU 9@ AYE EEety 1 JRE PCUR A
t =5

ARPA d#Holte ZAARE oty 18 2,129 o] IMO Resolution 820(1&7% &

o
o
ol
rr

71

o
o

gaflgoly Anl el A5715):1995] Fel® TTM(Tracked Target Message) 2
o7 AFHEH, o] wHAA o= AT, A $x W W2 RE ZH7A Y A

o 0 g w7 & ZFwn

IMO Resolution A.820:1995 and MSC 64(67) Annex 4: Data associated with a tracked target relative to own ship's position.

$--TTM, x.X, XX, XX, 2 XX XXa, XX, XX, 4, ¢=—¢,a a, hhmmss.ss, asth<CR><LF>

Reference target
(seenote 2) =R
Null otherwise
Target status (see note 1)
Speed/distance units. K/N/S
Target course, degrees true/relative (T/R)
Target speed
Bearing from own ship, degrees true/relative(T/R)
Target distance from own ship

Target number, 00t0 99

% 2.12 ARPA #o|the] TTM A A 329
Fig. 2.12 TTM message format of ARPA Radar



IMO Resolution 820:1995 2 IEC 61162—1 (3% #=x] Qe FHo| A ZA
Yol 4eJ®l GYROY A4AR 9 GPSO 9xAKRO ZFE wWA|A IS
2.13, 1% 2.149} 2}
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IMO Resolution A.382 (X). Heading (magnetic sensor reading), which if corrected for deviation will produc
e magnetic heading, which if offset by variation will provide true heading.

S—HDG, X.X, X.X, a, XX, a*hh <CR> <LF>

Magnetic variation, degrees E/W
(see notes 2 and 3)

Magnetic deviation, degrees E/W
(see notes 1 and 3)

Magnetic sensor heading, degrees

Note 1 To obtain magnetic heading : add easterly deviation (E) to magnetic sensor reading:

subtract westerly deviation (W) from magnetic sensor reading.

Note 2 To obtain heading: add easterly variation (E) to magnetic heading:

subtract westerly variation (W) from magnetic heading.

Note 3 Variation and deviation fields will be null fields if unknown.

2% 2.13 GYRO® HDG HWAIA]
Fig. 2.13 HDG message format of GYRO

Latitude and longitude of vessel position, time of position fix and status.

S—GL1, 111.11, a, VVYYY.VY, a, hhmmss.ss, A, a*hh <CR> <LF>

Mode indicator
(see notes 1 and 2)

Status(see note 2)

A = data valid

V = data invalid
UTC of position

Longitude, E/W

| Latitude, N/S

Note 1 Positioning system Mode indicator:

A = Autonomous

D = Differential

E = Estimated (dead reckoning)

M = Manual input

S = Simulator

N = Data not valid

Note 2 The Mode Indicator field supplement the Status field (field 8). The Status field shall be set to V = inv
alid for all values of Operating Mode except for A = Autonomous and D = Differential. The positioning syste
m Mode indicator and Status fields shall not be null fields.

1% 2.14 GPS9 GGL wAIA H)
Fig. 2.14 GGL message format of GPS
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Al 3 A Night Vision System Controller
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Fig. 3.1 Control Construction of NVS



3.1 Pedestal Control Unit AA ¥ +3&

19 3.2 PCUY

L= RGN

E=rolt}t, PCUE ARM Z2AAM7F 3

7‘_<1|—
Qlsto] MR RE t#
~"ofl= 2%9 DD-Motor7} 23] 5]

25 ARRShY] wiEel 2709 MR =

il

ITEE
< —

HE7E &

A ZEEHE Aojates AAsa, B ZEEH HeE
ol# &to] Atole] EEAZEE AAGAIT. HH
o} gojr BA SEZHL 45 AdaA 23
golv] d¢ AYEE AAGATh £ dute) £ FHeE
AR S 7] 9)sto] RS232 WA B4 A 3 /)9 MCULY
B B4 A & S AEH0x &Y
PHOTO
COUPLER
WO =TLP113
e COW4+/CCW- =«TLAT13
i FEiRUAE < (LRI 13 = ENCODER SIGNAL(A/B/Z)
i <& TLRIB1 EL+/EL-
i |
!
JA\DDRESS(3~0) ]
W/ CW- --TLF’J 134
OE/MWE/GES3| DATA(15~0) COW+{COW- --TLF’IHB-ﬁ
TLPi1 13em ENCODER SIGNAL(A/B/Z)
< TLP181-= EL+EL- >
| /
|
- ERVO-ON1 =alLP151 g
ARM ——SERVO-ON2——+p = aTLF1E1 4
2440 i
i
UART UART
RS232
JAXIS RS422
ZYRO
SENSOR
¥ 3.2 PCU £5&%

Fig. 3.2 PCU Block Diagram

3% Fxjolz AA Y
FAL 98 RS422
MOTOR
ai’t"; —PULSE—
Drilver eenooer—| ENCODER
LIMIT
’_ SWITCH
Servo [ MOTOR
Motor
D”‘Yer leencooeR— ENCODER
LIMIT
’_ SWITCH
B| veu




3.1.1 FApol = AlAM e #|o] X

% 3.1 FAo)Z A AYE
Table 3.1 Fiber Optic GYRO Sensor Connector

Contact Name Description
3 +5V Power input +5V £0.25V, 900mA max
Power return line, ground, electrically
4 GND
connected to sensor's cover
11 RS232 TXD | Digital output RS232
12 D_GND Digital ground, connected to "GND"

3 31004 Feojd A ol FArolw M o AMFel BHA sz E 19 3.3%

o) A

ENCC
T‘ . CON3
——BC16_|& 7 - |
0 AuE—=C34
. 100uFHBY
L !: |
7]
w4
UART_RXD2 ¢ -
4 |
15 |
N VE941-3MD

9 3.3 FAolZ AlA QAEFH oA 32

Fig. 3.3 Fiber Optic GYRO Sensor Interface Circuit
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Fig. 3.6 PCU Motion Controller Interface Circuit
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A% Row Gyl A

¥ 3.2 RS422 A
Table 3.2 RS422 Specification

Specification RS422
FARE Differential
1Driver

Z o Driver/Receiver <
o 32 Receivers

Ho FE AL °F 1.2km
Hi BAEE 10 Mb/s
A k2 Full Duplex
Ao =% -0.25 to +6V
Ho o= -7V to +7V

+3.3v +33V

SR :
s L&v@ﬁj
= D0.WF s ! BL2IBEAR v

S a4
R340, 120 3361
= |222E R¥D+ 4
ROy EXD1 2 7 ] EAD~ -y, 429E RXD- o
R dnm |80 B BL2{BEAG~~~y~ __ F22E TXCT 4
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- GND v 2 BLZABEAR -y =
2440 £ 2 427E_CON
TTLE R MAXIOTTESD REIHK
= +3.3v o) =] A

2% 3.7 RS—422 Qg Hol A 3| 2%
Fig. 3.7 RS—422 Interface Circuit
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Fig. 3.8 PCU Layout Fig. 3.9 Produced PCU Board
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Fig. 3.10 MCU Block Diagram

3.2.1 7191 = Qg H o]~

2719] KeypadE AVRE X EE o]&3}4 Datas WA 9 16718 ¥ E7} HQ3)
A "ok 24 AVRE AR EE XEE Z0|1A 16—Key EncoderE AF£3s}o] 12
e EET AL43le] KeypadZHF-E Datas w2 5 A 3ttt 4719 Data 9

AE& AVRE ZE Z 43S dA4As}i, Data available 8-S AVRE] 9% Qe HE 3

of ¢14d, 18]a1 AVRE 1712 #& Encoder? Output Enable¥ ol 1433t}

a9 3.11= 16—Key Encoder? %ot} 4x4 7] flE’x A F2E ZkE= 7]

EE 16—Key Encoder® oj2@A Qg oA 3=XE ¥ 3,128 =& <& 4 9t}



Tox

GATA AVAILATLE o DATA
S D O e U
DEELRT
L 2

A ELOCK

3
2 T KEY BouncE p_—
COUNTER FLNATION GuTPTT
ExTc ENAELE
r 3 I

104 DECODER
IVE LOW DUTFUTS

.

F T PR L~ .
d L K

;

:

OETPETS

ENCOOING
Lacit

AnD o r
ZREY
ABLL OVER —oo
e

AT
HEH|

1% 3.11 16—Key Encoder £& %
Fig. 3.11 16—Key Encoder Block Diagram

3.2.2 LCD ¢l go] A~

Data Memory
32 register $0000 - $001F
64 1/0 register $0020 - $005F
160 Ext I/O register $0060 ~ $OOFF
Internal SRAM $0100
(4096 x 8)
$10FF
LCD M
$1100 $2000 :‘mory
External SRAM 99
(0 - 64K x 8) $8000 External SRAM
32K 94
$FEFF

1% 3.12 MCU w5 %
Fig. 3.12 MCU Memory Map
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3x 3.

3 72#8= LCD 2% #A ux

Table 3.3 Graphic LCD module pin—out assignments

Pin No Symbol Function

1 RES Reset (active low)

2 RD Read select (active low)

3 WR Write select (active low)

4 cs Chip select (active low)

5 A0 Select display data/instruction

6 DBO Bi-directional Data Bus. Data Transfer is performed once. thru
7 DBI1 DBO0 to DB7. in the case of interface data length is 8-bits.
8 DB2

9 DB3

10 DB4

11 DBS

12 DB6

13 DB7

14 vCC Supply terminal of module

15 VSS Ground terminal of module

16 VEE Positive supply for Liquid Crystal Drive
17 Vadj Liquid Crystal Display contrast adjust
18 DISPOFF Display off signal

19 A Backlight power supply
20 K Backlight ground

LCDe g2

oA gt LCD 2% o A9 3271 doja] 7|EF oz g et= A

=31t

a9 3.13%

o] AA sl LCDY Contrast(Vadj) S =4 &

z
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POWER
SUPPLY
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L

MODULE SUPPLY

L&yr
BV

GND

BACKLIGHT SUPPLY

1% 3.13 LCD A¥ &+

Fig.

3.13 LCD Power Supply
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Fig. 3.15 Joystick & AVR Connection
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Fig. 3.17 MCU PCB LAYOUT Fig. 3.18 Produced MCU Board
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Data Memory
32 register $0000 - $001F
64 1/O register $0020 - $005F
160 Ext 1/0
Ly $0060 - $OOFF
register
Internal SRAM $0100
(4096 x 8)
$10FF
External SRAM $1100 $2000 TL16C554
(0 - 64K x 8) $7FFF oo
$FFFF
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Fig. 3.20 ECU Memory Map
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Fig. 3.25 Typical RS—232 modem application



3.3.4 ECU 3|2 42 #o|o}x

KESKOM

Title : Equipment Control Unit Board

AVR / Power / Reset / Address Latch

Rev 1.0

Data : 04/11/08

Sheet 1/2

(a) ECU AVR / Power / Reset / Address Latch circuit

KESKOM

Title : Equipment Control Unit Board

Serial Interface Rev 1.0
Data : 04/11/08 Sheet 2/2

(b) ECU Serial Interface circuit

1% 3.26 ECU 3=z2%
Fig. 3.26 ECU Schematic




=

MCUSH] £41, 7hilel, & @, @] Axelo|ES Aoje EA e o] A9
Arre zAbelel 19 3.26% @& g AASUR, 19 3.277 o] #olol e
A AvE S A5 MAS Yk 1Y 3.288 dolobee Bk A%E ECU

KE‘-L- \f

§|b&0'“h'l”z§|o-\'

b

19 3.27 ECU PCB LAYOUT 9 3.28 AlF¥ ECU HE
Fig. 3.27 ECU PCB LAYOUT Fig. 3.28 Produced ECU Board



A4 Ad 8 A3

4.1 Unit Ao} A

4.1.1 PCU A ZEZ¢ Ao Ad

19 4.1 £% : 200pps, W+
Fig 4.1 Velocity : 200pps, Direction @ +

FECW+

RMS{1): 981.8mV

Frog(1): 200.0Hz
RMSC2Y: I3BITMY W | XCCws

% 4.2 £% 1 200pps, WeF 1 -
Fig. 4.2 Velocity : 200pps, Direction @ —



! ' ‘KC‘;EH

| | BCCW+

I3 4.3 WEFXCCW+) W
Fig. 4.3 Direction(XCCW+) Change

p645_wreg(AXS_AX,WPRMD, 0x00002000); // MOD continuous, DIR : +
p645_wreg(AXS_AX,WRENV5,0x00000088)://bit 7~0 10(7:6) 001(5:3) 000(2:0)

/1 10(7:6): 2 HEAl 25 1

// 001(5:3): Hlu Z& RCMP5 Data = Hl 1 counter(2fg 22+3)

// 000(2:0): COUNTER1(XI& <IXl)
p645_vset(AXS_AX,100L,200L,100,0,0,0,'L',0); //100pps to 200pps,1000ms
p645_wreg(AXS_AX,WRCMP5,p645_rreg(AXS_AX,RRCUN1)+0x000000C8);

//current value + 200pulse(+180 degree)

p645_wcom(AXS_AX,STAUD);
p645_wait(AXS_AX);
p645_wcom(AXS_AX,CUN1TR); //counter1 value reset
p645_wreg(AXS_AX,WPRMD, 0x00002008); // MOD continuous, DIR : -
p645_wreg(AXS_AX,WRENV5,0x00000088); //bit 7~0 10(7:6) 001(5:3) 000(2:0)

[/ 10(7:6): =2 SEA 25 EX

// 001(5:3): Hlm 2 RCMP5 Data = Hl 1 counter(2fgF 22+3)

// 000(2:0): COUNTER1(XIE <IXI)
p645_vset(AXS_AX,100L,200L,100,0,0,0,'L',0); //100pps to 200pps,1000ms
p645_wreg(AXS_AX,WRCMP5,p645_rreg(AXS_AX,RRCUN1)-0x000000C8);

//current value — 200pulse(-180 degree)
p645_wcom(AXS_AX,STAUD);
p645_wait(AXS_AX);
p645_wcom(AXS_AX,CUN1TR); //counter1 value reset

O 4.4 BE FE 7 29 35

Fig. 4.4 Base Program Code of Motor Operation




4.1.2 MCU2] LCD A4

LCDE= WA %7]32 A|AHAH sttt 2713 BF & &3 2oh (29 4.5).

void init_lcd(void)
{
writeControl(SYSTEM_SET); // s michin ooy anel el L LU 1) mterfiess Toconea
writeData(SYS_P1);  // 0x10 | (IV << 5) | (WS << 3) | (M2 << 2) | (M1 << 1) | MO
writeData(SYS_P2);  // 0x00 | (WF << 7) | FX
writeData(FY); // 0x07
writeData(CR); /] 3 Eelell ®AEE oj=E =] = 320/8-1 = 39 = 0x27
writeData(TCR); // ¥ 1ol Ao] CR +4 = 43
writeData(LF); // @ Z2S1e] szo] 240-1 line
writeData(APL); /] 3 e F AJ=dH 2, 40
writeData(APH); //
writeControl(SCROLL); //
writeData(SAD1L);  // 31 ¥4 glo]ofo] A& oj=g 2~
writeData(SAD1H);
writeData(SL1); /A AR 23= gt FAsE gl &
writeData(SAD2L); /] 7 WA oloj] AlF o=~
writeData(SAD2H);
writeData(SL2); /] WA 23E st ZASHE Rl &
writeData(0x00); // p7 Don't care
writeData(0x00); // p8 Don't care
writeData(0x00); // p9 Don't care
writeData(0x00); // p10 Don't care
writeControl(HDOT_SCR); // Set horizontal scroll position
writeData(SCRD);
writeControl(OVLAY); // B]2E/2 83 BEo|A 2t #Holojzk AA A uf FA WUy
writeData(OVLAY_P1); // 0.0 0 OV DM2 DM1 MX1 MX0
writeControl(DISP_OFF); // Turn display off
clearScreen_text(); daw = 2~ =N RIS
clearScreen_graphics(; // ZLe]=) 3lH A
writeControl(CSRW); /] AX X digk H2Fde] £4 AE
writeData(0x00);
writeData(0x00);
writeControl(CSRFORM); // AAle] Z71 &) A4,
writeData(CRX); //0000 0100
writeData(CSRF_P2);  //1000 0110
writeControl(CGRAM_ADR); // CGRAM 2] A% 4
writeData(SAGL);
writeData(SAGH);
writeControl(DISP_ON); // Turn display on
writeData(FLASH); /] AX T2 AR S REE A4
// 0x16 Layer 1 (text)on, Layer 2 (graphics) on 0001 0110
writeControl(CSRDIR_RIGHT); // #AA ol wak A4,
}

a9 4.5 28¥ LCD 7] 3
Fig. 4.5 Graphic LCD Initialize Function

LCDY %7]3= LCD EEo| QAE oA Ho
]_

#ES AVRE o=d A} dole MAE o] &ste] WA 19 4.5+ MCUS =
718k 8l dale oAl w1 #ES Fe $ Aol



LCDY 7|37l 8¢ & st ARE 19 4.63 Zo] LCD fyAE# o] 38l
t}. ARPA RADARZHE &= Targetd AR (A9, HYzZH = ¢l 8 4 9l

A FHuAde o]E7ztE (AZ, EL) ¢ ZE=(MODE) AH (RADAR, Joystick), ¢+4 3}
(Stabilization) 7152 ON/OFF ¢, Laser Searchlight®] ON/OFF A H&<S 2YH

95 g

19 4.6 LCD 34
Fig. 4.6 LCD Display

4.1.3 MCUZ9] 7|H.= A%

A& A3l J|REE Target? W3, EE A¥Y Camera, Zoom Lens, Laser
Searchlight%9 FA Q2 4AE 7Fdth, 7|REE= AVRE 9% Qg HE Ao Keypad
Controller?] data available 3-& <73l Rising Edge°ol <UAEHEZ} 2Ay3s}o]
Keypad Controller®] Data’} AVRZ & E o] A ¥Ho] 9ot I3 4.73 o] 9
HoColgygE AMulA FE o] Keypad Controller? Chip SelectE® 331

Data(4bit) & Aol AFgoer Feo] S



void intQ_isr(void)

{
fECU_flagl= 1;
fECU_KEY1 = 1;

// 74C922 Chipl Select

PORTE = 0x3F; //1011 1111

delay(100);

PORTE = OxFF;

KeyDatal = PIND&OxFO; // Save key value to KeyDatal

}
void intl_isr(void)

{

fECU_KEY2 =1;
fECU_flag2= 1;
key2_num = 1;
fst_flag = 1;
fst_key = 1;

// 74C922 Chip2 Select

PORTE = 0x3F; //0111 1111

delay(100);

PORTE = OxFF;

KeyData2 = PINB&OxFO; // Save key value to KeyData2

I3 4.7 Key QIEHE Code
Fig. 4.7 Key Interrupt Code

|
data availablg

da?a out 4

(a) data available ¥} data out4



data outO
data out1

(b) data outO ¢} data outl

19 4.8 16—7] dwy =4

Fig. 4.8 16—key Encoder Output

7IRES E3le W 16-7] dxre] 3o A9A vex A=A AF7E 538

I¥ 487 e AxE e} data available 2 A5 o X|oA QEHEY wHAY

2 gl & & vk 1Y 48M)E UE EYE ARHoR wgeAe sad

Aol

4.1.4 MCU Joystick A%

Ao AFg3E FolAH L YHIMuEE 7|WFCE up, down, left, rightd 7|&s<
7}A1 3 YT}l Analog?l TEIMuEREE veEs A S AVRE A/D Convertor
£ %3l Digital® WEste] 1 Datag PCUR HAFg atA "ot 19 4107 2]
A/D convertor @< AHHEE Tt 1 eSS Aol AAsiA ok

digital outp:ut{s:.erial data)

Min(]1): —600mY
AMSC23: 1.7368Y

) Freq( 1): 30.0kHz
|

(a) X®”IMmE A9t 1.7388V



digital output({serial data)

analog output Min(1): -BOOmMV

BMSC21: 3.079%

FreqC]l2: 14.39kH=z

(b) TRIMTE A 3.079V

9 4.9 Fo|lAE zHMuE o2 83 U)Xy &¢

Fig. 4.9 Joystick Potentiometer analog output and digital output

void adc_isr(void)
{
ADCSRA = 0x00;
switch(AdcCurrentChannel())
{
case ADCO : AdcDataO = AdcGetData();
case ADC1 : AdcDatal = AdcGetData();
case ADC2 i AdecData2 = AdcGetData();
case ADC3 : AdcData3 = AdcGetData();
case ADC4 . AdcData4 = AdcGetData();
case ADC5H : AdcDatab = AdcGetData();
case ADC6 : AdcData6 = AdcGetData();
case ADC7 ¢ AdcData7 = AdcGetData();
default:
break;
)
AdcNextChannel();
ADCSRA = OxEF;
+

break;
break;
break;
break;
break;
break;
break;
break;

19 4.10 ADC JIHHE AMu]x F9

Fig. 4.10 ADC Interrupt Service Routine

Z o] ~¥l 9 Analog

=9
A= 2™ 492 FAPT. I9HW 4.9(@T ofdRI1 FHo|

of w&} A/D AHEE A F9| Digital &9

of oA &

1.7388Voelal 1¥

4.9()= 3.079Veld, 17 4.109 JAHHE Mu|A FeM A A/D #s Al

d TR Y3 Fhol "yAd 9ol



4.2 MCU &4l A9

4.2.1 MCUS PCU 7+ &4l A%

i

MCUE PCUEYE sd~8e 914 Jus Wi, & PCUR Xol 283 dold 3
HE Bt 34,18 MCUZF PCURRE W& HuAde] JHe T2ES 30|,
¥ 4.2 MCU7F PCUR HUE AR LR EF FFo|t

¥4.1 PCUNA MCUZ U= Hlojy ZIZEF 3
Table 4.1 Transmit PCU to MCU data protocol instruction
Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Azimuth Azimuth2 Elevationl Elevation2
Sync Address ] . Checksum
High data Low data High data Low data
3 4.2 MCUe°lA PCUE RUlE dHlolyg T2EF Fx
Table 4.1 Transmit MCU to PCU data protocol instruction
Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Sync Address Command 1 | Command 2 Data 1 Data 2 Checksum

Byte 1 (Sync) : OxFF& 14

*Byte 2 (Address) : Z} Unite A" F4

Byte 3 & 4 (Command 1 & 2) : ¥ 4.3 &%

‘Byte 5 & 6 (Data 1 & 2) : ¥ 4.4 =

*Byte 7 (Checksum) : A=A, SyncE #1235l Byte2 ~Byte62 AR 3k

¥ 4.3 Command HE A ¢
Table 4.3 Command bit definition
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Command Special Radar Radar
1 Command | Bearing | Distance 0 0 0 0 0
Command 0 0 0 Elevation | Elevation | Azimuth | Azimuth 0
2 Down Up Left Right




3% 4.4 Data 49

Table 4.4 Data definition

Command Data 1 Data 2 H] 31
0x00 0x02 Stabilization on
Special Command 0x8000
0x00 0x04 stabilization off
. Signed Int type Signed Int type
Radar Bearing 0x4000 (High byte) (Low byte)
Radar Distance 0x2000 Slfg‘f;hlggttey)pe signed Ig;ttey)pe
Elevation Down 0x0010 Eé%;%%clqoiggﬁd NO(%%)F: :Slt{?gh
. Elevation Speed 0x00 : Stop
Elevation Up 0x0008 (0x00 ~ 0x3F) ~0x3F : High
. Azimuth Speed 0x00 : Stop
Azimuth Left 0x0004 (0x00~0x3F) ~0x3F : High
Azimuth Right 0x0002 fomh heed | o :Sf{"igh

£49 #old FR (1% 4.11)3 MCUE oA

FE 4.200 Aojd Fxel uwhet

PCUR ot R wilnh & %49 gole Hres L9izs 77t e, &%
A

44004 He= A Zo] sk Ao T sle] ARE o BuUlA SRR 19 4,129

3 W (F7] 20msec)o] H 4T}

o] F /9]

O 411 Yol AR FAl
Fig. 4.11 Receive Radar Data

9 4.12 #Holy Ax HA
Fig. 4.12 Transmit Radar Data




I% 4138 Fo]Ag e ofdr T glel] wet MCUZF PCUR FAlsk= ZHde] W

E AF3 Aotk I 4.139 (@29 (b)olA Analog Joystick Data’} W 3}ghe
gl MCU7F 41 3l F ¥ (Joystick Data) & EetA= A& & 4= 9l PCUE 9]
Data® FAl3te] #Hu|~ge] 2% DD—MotorEs % A7t}

Co L
P i
Juysilck' Data(to PCU) Joysl@ick:Da!a(to PCU)
L1 _"_“‘._"_1-‘_‘_ 1 g om0
) 1
:. o —— — — Ir r--—-—-—- -
analo:ngystlck e o — Min(1): B0OmY
msczi 2.950V A RMS(2): 1.7752Y
Data; | FreqC1): 114tz analog Joystick chfa 11.4kHz
Lo Lo
(a) (b)
T 4. 13p20)AE HJEHS S A

Fig. 4.13 Transmit Joystick Data

4.2.2 MCU<} ECUZF E41 2139

r

MCUS} ECUZRF AleA Adi = AR @3] b}, oA MAjgtolE, 3
=7} EA3 2L A5t Wy ot g TRERESE X% PCUSe 41
ZRU% btk % 4.5 1 Z2E Ve o 9l

¥ 4.5 MCUIAECUZ 7}= dloly T2 1x
Table 4.5 Transmit MCU to ECU data protocol instruction

Byte 1 Byte 2 Byte 3 Byte 5

Sync Address Command Checksum

Byte 1 (Sync) : OxFF® 114

*Byte 2 (Address) : 0x01% 174

Byte 3 (Command) : % 4.6 #Ix

*Byte 4 (Checksum) : A=A}, SyncE #|¢)ste] Byte2~32 dAkst gk



¥ 4.6 4749 FXEo] e MCUZ ECUR Bule W39 #s 43k Aot
% 4.6 ¥ @ 49
Table 4.6 Command and Value definition
Camera Lens Laser
Command Value Command Value Command Value
. LD Power
Menu Setup 0x10 Iris Close 0x20 0 0x30
n
. LD Power
Menu Up Ox11 Iris Open 0x21 Off 0x31
. Power
Menu Down 0x12 Zoom Wide 0x22 0x32
1 step Up
Power
Menu Left 0x13 Zoom Tele 0x23 0x33
1 step Down
. Beam Size
Menu Right Ox14 Focus Near 0x24 U 0x34
p
Beam Size
Focus Far 0x25 0x35
Down
MCU®A ECUR 7h= AE+= dif-2o] 71HE=e B ol 7hH 2}, A=
o|A MAgto|EVt BF F|HER AojH7] wWZoltt. O¥ 4.14= AME OE JE =
Fe W, MCUA ou st AR7} FAE A AS7]|E 545 Aoty 3 4.5 s}
i AAHY Syncs Addresse= ZAFO|7] Wz Ao w wAIE Ao dolE =
o BAsAT 1 o] FRES dolElk AR BE AL Fastgr,
_-i_—_l_l.l BAR B —— lhl-lllq__lil J.l"||l.._ w_—_l_ll!lll_
| ' | | |
| ! I | !
4 o et 0 o g ui—-l-_h-l;w'-i-ﬂd E i) i

(a) Iris Close

9 4.14 MCU9A ECU=E 7}+=

(b) Focus Near

(¢) Zoom Tele

7|RE

Fig. 4.16 Transmit MCU to ECU keyboard command



1% 4.15 ECU W& $4l g
Fig. 4.15 ECU Command Send Function




4.3 AAX A3 (Sea Trial)
4.3.1 A3 374

Sk 7 Unite] /Al 29 F, A

=

Aubell NVSE A#ate] A4 HAE (Sea
Tria) & FastAth. 2% 4.162 A% $7Folvh. BA (Bridge) @9 71RE Yy
of MCUE AA&ta, 7t dul~de] ik YFo] PCU, 183 dgade] & 7E

of Ax ¥ o] = Case WFo ECUE A 3}3 ).

oo

(a) Bex] o (b) < #Huxd

a9 416 A9 34

Fig. 4.16 Test environment



4.3.2 FuAg Ao} A

[ Normal 1 CO1 = Thu May
HENG YU, 3.9km
(a) a7 ZdH (b) Zhellet &Y F4
I8 417438 A1
Fig. 4.17 Test result 1
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Aol Aut $ES Pz MAE ol g3 & Aol olu) YL 525, FFLS

WA ARPA #oltE o]&sto] 23S AAE AdAdS 24S AFsn] 7
& AlFgtt o] Wl ECUx= MCUZNH %49 Aglg Wwolr & d=9] 3 27
o] stepulElE ZAste] xA o] HEA e e Qe EYEC BAHE J&

ol SHAIRE ARPA #olye] Arwrom T HE FHshd 2 exprp WAt 294 {4
=

7b ZolAH I J|HES o]gste] dite S d= F A HdaEy § A=
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wh-mi

HENG YU, 3.9km HENG YU, 3.9km

I 418 A% A3 2
Fig. 4.18 Test result 2
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HENG YU, 3.9km

HENG YU, 3.9km
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Fig. 4.19 Ship stabilization test image
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Laser Search Light, 780m Laser Search Light, 780m
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Fig. 4.20 Laser searchlight test
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