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Abstract

In this paper, a methodology for estimating the parameters of
non-linear system including stabilizing system(Night Vision Pedestal
System) was presented. To deal with optimization problems
occurring regarding parameter estimation, a real-coded genetic
algorithm(RCGA) is used. The parameters of the pedestal system

are estimated using both the model technique and a RCGA.

The performance of the proposed algorithm is demonstrated

through some simulation.



Abstract ...................................................... 1

A1 A&

T R =) = . 4
2.2 Auka NVS<o] 7H§3_ ............................................ 7
2.3 A8 NVSE A cvvvere i 9
2.3.1 AEFE NVSE] T - rrererieiaiti ., 10
2.3.2 Stabilized Pedestalfﬂ T% }gﬁ] ........................ 11
2.3.3 Pedestal®] O] TEa «rrrrrrrrnree i 14

A3% Pedestal A|2¥l9] ndd 3 deidy FH

3.1 AJZRED REIE] 17

S 1.1 AJHELEE] v 17



3.1.2 ARRE “alo]Hof AR FEE] -+ revrrreii i 19

3.2 HAE EPEAY] G OFTIEZ creerrnee e 20

3.2.2. A4aY FAL2]F(Real-Coded Genetic Algorithm: RCGA) - - - - 22

3.3 FFEE]Q] Z=A] s e 24

A4g 49 R 23

4138 837 o NG e Nl e 26
4.2 HojE] HE ... NGt W 97
4.3 FFEFHE] 35 et e e e 29
A4 FEO] ZIZ o 33
A5 Ae



_iv_



A 1F A=

dehg 32¢Hg3k(Stabilized)  oRPAIFA(NVS:  Night  Vision
System)+= Pedestalel e dAg F9d 7HHdE o] &3t A&
s FAGe Vlee e AREA 1A4E T8 HAst Veo] agd
Tk olE gk NVSE 7Eetr] Sl s Bugk Alojr] AA 7 54 o]
ole kA Pedestal A|2=Ee] Rdly siebrBE FA sk dwe] 2

o] aTHT,

1

Al=8) A Foles gAY 7] BHI HEo] Ad 30 | w9t &
7149 S gton, B2 dAFAEed o&) oA A AEE R E
o] Aletxe] gt [6-9] EAZA F=2 o] § Hil v AHHoRE A
ks (Least-Squares Method), #-¢-9(Maximum- Likelihood Method),
715 W H(Instrumental Variable Method)s°] o™, ol8st WHE

< AEg7E dgolar qAEgkel entek Aol 7123

o
i

Wl o 22 Ful(Gradient)oll 71238kl H A S gSAstE A
o e AR os o g wie g A glo] Brbse
+

g stebdE sl A e A9 ARge 2

ol dAdsty] 9% W HT FAdaeF Fe A gy

el 247 debete] V)& WEe] G s Rdstds F=4A4

o
=



A

B/

o] Xs=a Qot.[10-12] =}

A7

=

o
HH
o
Jlo

TR

)

—_
file}

"o

1 (Global solution)Z2%.2 49

A3

A2

[e)

1t

L
[¢)

EaL gl

olo

E72A ol

-
s

]_

file)

T

—_
o)

=
T

=

=
=
SEC B

o]

1

T

te] oAzt Al =Ee] stekHE &

s tFF2131[10], Kristinsson ¥ Dumont

S

= A o

],

S

Goldberg+

g

A

oA

M

aig
|

—_
file}

O

-
it

2w

deve e 4

Fe gAlol glot,

S

%4

=

=

a7 et g

S

o et
o s g

—_
file)

N

Pedestal 12289 welst stebrlelg F4o] #3 W§2 tEeh Jin

ol

—_
file}

el

;OL

O

i

% A28e] sheto)

0]
2R

P
T



2 = AL AEd oo, A2% WA FL8UdAI} Pedestal Al
ol sjaet 4, A3Y Al~El 2d® 9 RCGAReal_Coded Genetic
Algorithm)E o] &3 Jetdy 5% 714, A4 RCGAE o|&3fe] Muf
| s8AAS ofHAI A 9] Pedestal A|2=® dEtHHE F4, Al 5

=© T —

4 Arow PAHET



A 2% QA3 Pedestal A|2H

ol Adte a9 2,17 2ol 6AFE=(6-Degree) +5<S A ¥
o}, Auke] 252 A HE oA IHEE 9 HIALEE v 4
E 4 o, HA %8 Ao]H(Surging), =9 (Swaying) Z 3| o|H)
(Heaving)s 3 Awo=z, 314 52 E%H(Rolling), ¥3(Pitching) %

2% (Yawing) AFo 2 FAHT}

Heave

Surge

a9 21 Ao 6-AHE &5 AR

Fig. 2.1 6-Degree of freedom motions of ship



(Parallax) A7} s, 19 2.3 3 o] Wakvto] WHal= x4 3
Z(Coordinate rotation)e] Lojykg uwj, o+ 3} (Stabilization)d] |7}

oF7] €t}

@ TAReET—X ¥

" 22 FHEAS A4

Fig. 2.2 Displacement of the coordinate system



“" Rotated Plane

a9 23 THEFRANAY A

Fig. 2.3 Rotation in the spherical coordinate system
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Fig. 2.4 Coordinate transformation



2.2 A9hg NVS9 7le

o
]

AR = ofd]l 19 2.5¢F #o] IMO Resolution
820:1995° Aeolwl TTM(Tracked target message) X O 2 AL L=

g, o] mAAel= 24s, Ao A R BeRRE x47H 9] A

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

$--TTM, XX XX XX, @& XX XX a XX XX a Cc--¢, a, a hhmmss.ss, a*hh<CR><LF>

Reference target
(see note 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, 00 to 99

1% 2.5 ARPA #Ho|d ¢ TTM HAIX FH
Fig. 2.5 TTM Message format of ARPA radar



[EC 61162-1°] 93 Gyro9 A+-AKR 9 GPSe YXAHR 3+ I

1

R

a4 2.6, 19 273 2o

Latitude and longitude of vessel position, time of position fix and status.
$—GLL, LI, a, YYYVVY.VY, a, hhmmss.ss, 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 6). The Status field shall be set to V = invalid for
all values of Operating Mode except for A = Autonomous and D = Differential. The positioning system Mode indicat
or and Status fields shall not be null fields.

1% 2.6 Gyrod HDG HA| A
Fig. 2.6 HDG Message format of gyro



IMO Resolution A.382 (X). Heading (magnetic sensor reading), which if corrected for deviation will produce magne
tic heading, which if offset by variation will provide true heading.

$—HDG, XX, XX, 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.

a¥ 2.7 GPSe GGL "A|A| )
Fig. 2.7 GGL Message format of GPS
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control unit)E ARPA # o]y, GYRO, GPSZ¢] 33| A 2RE HE

@ BE AuErd 2R AFRENT R e mEe
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PCU(Pedestal control unit)® A%ste IS shop, &3 §4 AEH
o] ~ZHH Pedestal Alo] AHE 418t PCU #H$3tH, DVR, &Y

B, B2, CCDES A4 Aojshs /5% etk

ook g},
2.3.1 Auhg NVSe T2

PCU(Pedestal control unit)™= Pedestals &5 #|o]3}o], Pedestal
o] Fackdst @ EFAF 7S T st AEAEAN, ARM
Fole] ZEAA, PCL604S BA FEZ IC, & Ato]2 AlA A so] 2~
2 FA&gY. PCU+= MCUERH 4 Az FRE Ay
Pedestale] 45 A& 4 J&=F Alo] &b, E3 OGSEH-H HAIZE
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mMcu
MAIN CONTROL UNIT

AA A

RADAR INTERFACE
RS485 Bl

PCU
PEDESTAL CONTROL UNIT

Bn
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Y

TOUCH
SCREEN
BALL |

USER INTEFACE

i ; PEDESTAL
DVR & MONITOR =" VIDEO SIGNAL resessaaenasmmanaendt

1% 2.8 Night vision system® TAE

Fig. 2.8 Block diagram of the night vision system

2.3.2 Stabilized Pedestal®] F+% A7

rie

ol a9 2,99 o] 27)e] yeHE e 2 F 7R
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¥ 2.1 Nastran < °]&3F x4

Table 2.1 Constructure analysis with Nastran

Pedestal Total Von Mises Stress Arm
%] o Translation +9) 7
114.79 kg | 0.00121mm H 0.231kg 100mm
62.58 kg 0.00431mm ) 0.453kg 50mm

Pedestal®] 2%& w9 ZH(Azimuth)¥ 31ZH(Elevation)ol i@ %w, A
o5 HA & TaAstE flsk 2k o Ao B2 FAol= AlA

of oa) A=E Avel HALE AEol = wak FHL Sae] A

oZ:

fa
=3
e

o} g o3t AojA ol ARPA d#eoly ol ot =EE

T
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800,00 {mm)

a3 2.9 Pedestal =W

Fig. 2.9 Schematic diagram of the pedestal

Pedestalol] &A%+ Anjo] AlY, QAEH o~ 2 Aojils
2ok gA dulY Ao s

¥ 2.2¢9
ECU(Equipments control unit)S %3}
o MCUdl <Z%H, MCUS ECUAoll FA1& RS-485 7]4be]

Pelco-D TR EZS A&t = A A 519t
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¥ 2.2 Pedestal &4 & A

Table 2.2 Equipment resources on the pedestal

POWER SIGNAL MASS
RS 485, VIDEO SIGNAL,
CAMERA DC 12V, 1.2A DAY,NIGHT, 0.6 KG

MOTION DETECT
NEAR INFRARED SET,

LENSE DC 12V, 0.5A IRIS, FOCUS, ZOOM 5.2 KG

CONTROL, RS232
RS232, MOTOR

LASER
DC 12V, 3.5A CONTROL, POWER 2.1 KG
ILLUMINATOR CONTROL
THERMAL VIDEO SIGNAL, RS 422
DC 12V, 1.5A 7.7 KG
CAMERA OR RS 232
DC MOTOR 220V 3 PHASE FG POWER, FG
ENCODER DC 5V SIGNAL
LIMIT S/W DC 12V SIGNAL

2.3.3 Pedestal®] A]FZ

A AAE dst= Al AT Pedestal> 2% FxR=E 7t H2
=

e .

_14_



Motion | Servo-Motor

Pedestal Control PC ~ §bontro| Card.i : Driver : 6DOF Motion Base -—
s P . P Pl . :
: O TDF PID [: : Motion - Motor I Elevation ” :
OEr P Controller| : : | Controller| : : Driver I Motor : OF
| Pl Pulse Pl : 4 Elevation
i | Counter |'i I Encoder
: Pl (I 2-Axes
HE - HEH Pedestal :
+ TDF PID | : i [ Motion | i i Motor |} i Azimuth [ i
O 4r : _: Controller | i i [Controller| : : Driver Motor =04
| : Pulse | i i HE Azimuth
i1 [ Counter |:: Encoder
AAzimuth
Coordinate|+= - Gyro-Rate
: - Transform |« . Sensor
: AFlevation Roll, Pitch, Yaw i

29 210 A%E FLAAF AaH AojRE
Fig. 2.10 Control block of the stabilized night vision system

Farol= AA Qe Hel AR = XilinxAFe] FPGA Spartan3E o] -&3}o]

% 992 F#AE velEE FHojAd v AEE CPUY Agd XEC]
A EE At FAsTE Wil 115.2kbpse] UARTE ¥3HA
Ao, KVH dolg Aok UART Alolel 16 HOJE  H7]9]

FIFO(First in first out) W3 E #]x]3}% T}

Xilinx FPGA Spartan-3¢} v¢l AEZ 2= RS-2322 AZ4s3 o,
115.2kbpse] £X==2 dlolE HE 8bit, ¥2El ¢, FAHE 12 T
dstglet. dleoly Z# 2 AlAdolH 8 bytes, preamble® 2H[O]E,
check_sum 1H}O]E & F 11Hfo]ER FAJH T,

o] FAtol& MMl A drte] 35 3HE A EHRolling), ¥A

(Pitching), &Y (Yawing)el Al 7F4 3 55 HAE stof vl AEE
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L JMLH Ri(t) +e,(t) = u(t) (3.1.11)

o714 u®ek (D= A71Ake] 49t A5, e F71d 8 Back
emf), L3} R A7|# 57F A7 5 g Xolty, Aol dAstd o
7149 e BAA 7= o= do/dtel]l Hl#HeH a3 22
AN o= FAE o Uk

e ,(t)=K ,o(t) (3.1.12)

71 Kpi= A28 daeolrh

A A7)A 2= ARFE EA TO)E HAAZIBZ 3449 &%
WS T Aoz ZAEH
d 26(t) do(t)
J qt 2 + B dt T 08 (3.1.13)
T (t) =K,i(t) (3.1.14)

[

o714 (e IAZ, ThHE EA, J& 7559 57 dA=dE, B
S7F AR RAS, Kie EAATS YeRdith

A7)12F Bl Zol A QgEl A Le BE 7] wio] Faje = gl
oF o()7re] AgdtE 4(3.1.13)~(3.1.14)=2 Laplace WH3ha}
o2 R

u(t)

o
1=

T
|

_ O(s) _ K
G = 7 = i (3.1.15)

_18_
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Fig. 3.1 Overall controlled object

AuEE Sdholmi U] so=u £xsh S}/ E A3 9,

% ell= mEr7F Agtd ek A (3.1.15)¢F 714 sHAE

_19_

ol 4] )

A |t

LY



(3.1.21)

a, e)
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B
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,
2]

Yi(S)

1+7 iS

K e

a9 3.2 AUEe] ESAE

Udi(S)
Fig. 3.2 Block diagram of the controlled object
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Fig. 3.5 Parameters Estimation Block Diagram of Model

o= [ Iy (0= v (D] *dt (3.31)
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. )
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Table 4.1 Control parameters of a RCGA

Control parameters Values
AA A 20
Ho Ad5 100
AL AlS 1.8
] BHE 1.0
=dRo| & 0.1
gH ezt mde)l seldE K, ow Lol B4 73
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4.2 B4 229 449 gy

Table 4.2 Estimated parameters of the azimuth model

Parameters Estimated values
Ki 1.00046
T 0.02094
Li 0.00486

4.4 299 HA

A7 E 2AEY ASH Aoz F49 mEe] HAsin), WA 1 4.2
o @2 4 (1209 Wl 4 (A g& Avdsst sdun
Vel (S) . 1.00046 o 0-004865 (4.41)
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u,; (t) = 0.2cos (2t ) +0.5sin (0.4t ) +0.85cos (0.67t) (4.42)
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