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A Study on the Tracking and Stabilization Control

for Shipboard Directional Pedestals

Jung-Keun Kim

Department of Contro!/ & Instrumentation Engineering,

Graduate School, Korea Maritime University

ABSTRACT

Due to the increasing demands of today for remote video monitoring and evidence
collecting for security, safety and surveillance on every type of marine ships, many

types of night vision system(NVS) have been developed as an effective solution.

The design of a NVS needs high precision manufacturing and control technique for
a pedestal which a performance searchlight and day/night camera are mounted on.
The NVS should has ability of tracking a moving target by the receipt of a
set-point change signal from an ARPA(Automatic Radar Printing Aids) radar. In
addition to that, it should always maintains directivity angle in spite of the position

change and movement of the ship for the most gruelling of marine environments.

In this thesis, it is discussed that the tracking and stabilization of the Shipboard
Directional Pedestal(SDP) for the prior step to develop a commercial NVS. A
prototype hardware system and a control algorithm for tracking a moving target
and stabilizing the pedestal with compensation for 3 ship motions that is, rolling,
pitching and yawing with real time are developed. A Pedestal control unit(PCU)

based on the two-degree-of-freedom(TDF) PID controller is designed. The



parameters of the TDF PID controller are tuned using the pedestal model and a
real-coded genetic algorithm. Compensation requires the transformation of ship
motion detected with 2-axes gyro sensors into 2 rotary motion(Elevation, Azimuth).
The effectiveness of the proposed system is demonstrated through simulation using

real-world data.
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Fig. 2.7 Coordinate transform simulation 1
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Fig. 2.8 Coordinate transform simulation 2
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A 34 Aurg NVSe HAA 92 74
3.1 Aurg NVSY AL

Aubg NVS:E ARPA #eoluz2 FE %4 AR GYROZFEH 4o HAF& AR,
GPSZHE A 9A AHE FAste] 47449 Fos 2 AdE =F8ha,
Pedestalo] 43 FFota A (s A} =S st 755 ek Pedestalol
CD, IR 7hvlet Sol ©@Asm, o2t Mol E2+

C
EUE ] dFEH] ZAHH, 3 DVRel 7] &€

b
Y

G A8

ARPA dolf9 FAAHE ofdl] 29 3.13 #Zo] IMO Resolution 820:19959] A 9]
¥ TTM(Tracked Target Message) WO 2 A==, o] WA X o= EHHE, A

Aol A4 R gAZRE EARA A 9 A0 B L Sol EFET

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, 3, XX, X% 2 XXX, C— —epd a8, lhmmss.ss, athh<CR><LF>

Reference target
(seenote2) =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

19 3.1. ARPA #ojtte] TTM HA A ZH
Fig. 3.1 TTM message format of ARPA Radar
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IMO Resolution 820:1995 % IEC 61162-1¢]1 A Y% GYROY HFEA=R 2L GPSY

AQE ] & vAA 2L oty 29 32, 19 333 Uk

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, IR, - - a, L, 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.

1% 32 GYRO®S HDG WA A & g
Fig. 3.2 HDG message format of GYRO

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

S—GLL, 11.11, a, VYYYVVY, 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 6). The Status field shall be set to V = inv
alid for all values of Operating Mode except for A = Autonomoug and D = Differential. The poszitioning svste
m Mode indicator and Status fields shall not be null fields.

a9 33 GPS9 GGL WA A &
Fig. 3.3 GGL message format of GPS
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2 5} o] Pedestal?]

NVS+E ARPA #@olt], GYRO, GPSZHH o83 ArZ 41, &4
AAZFE Aol xA7EA Ao He 2 AgYE =F513L, Pedestalo] 245 A &9
A gt E Aojstolof gk, NVSe &4 Au] ¢l Pedestald ¥4
A7t 7bsd 714 W AUF] IR 7hdl e, Fokt A& CC

al

A etolE o] HAHM, o5 o]gsto] tA

=8

D
£4 942 A5dE 5S4

3.2 A¥t§ NVSe A

TS ¥ 349 o] A¢kdy.  MCU(Main Control

B oEEdAE NVSH
MErE AST AR PH 24 A

ARPA #olt], GYRO, GPS% ¢ &3 =

Unit) &
zb(zt 2 17h) S =%3%to] PCU(Pedestal Control Unit)® A%stE 95
ARE F2A8te] PCUo| #HH3etH,

F%% ARPA deldelwr 928 ++ fh £&4Q ®A 52 AL dol
= GAFA Fo @ 7Mel W A g¥lolel B}

fin}
}01,
f
e

4
X

PCU(Pedestal Control Unit)+ Pedestals 2 H

= Ao A =4, ARM ol =

= AAskA v 11-16].
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F Aol ZAMREE ASE Adre FdEE A PCUAA & W dudss

A A Pedestald] = Ao} AHZ W3

| 2tal o o, oo #I = W dugFS 2 A 2AE] 7] EE AT
AZ MOTOR
——>»| DRIVER
Mcu _ AZ INTERFACE |+
MAIN CONTROL UNIT : . TEL WOTOR |
——p{ DRIVER
INTERFACE |+
AA A A
SENSOR
RADAR INTERFACE |
UNIT
RS185 pCU
PEDESTAL CONTROL UNIT
Y
JoY
TOUCH I_Isncn

SCREEN Pmk-\ .
BALL LIGHT
USER INTEFACE L
A '
VIDEOQ SIGNAL PEDESTAL

DVR & MONITOR <

9 3.4 Night Vision System¢] T4 %

Fig. 3.4 Block diagram of the Night Vision System

B o=goAe 29 359 Zo] 2719 FERE e 2 F 73X Pedestals A7
2 A zs ol Pedestale] 7|7 FE Zdld, 4 Fo| ¥ &%+ DD(Direct-Drive) ®
2ol Ar RE, 20ME dFAY T2 FAAT. Pedestal? Z#lYd A Z-S Aluminum
6061& Abgetith. A=A AAE fdte] &4 dhFo] A 60Kgd W Nastrans ] 8

ol FxAANS @ AR H 3% 2 ARE Arh

i

)4 A3} Pedestal F#Ho] < 115kgelA W= 0.0012lmmeol™ 82 FH4
0.231kgollom, A7F 6258kgolA WM HFL 0.0043lmmeol ™ 382> o 0543kg ©]
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ol = Arm size 100mm, Z%H 100Kg<]

M

Qrh. oY@ AdRE vwgom B =

pad

PedestalS A A A =z3l 4

¥ 3.1 Nastran = o] &3 Fx34 23

Table 3.1 Results of structural analysis using Nastran

Pedestal Von Mises Stress =
w Total Translation (&=) ArmSEN
114.79 kg 0.00121mm A 0.231kg 100mm
62.58 kg 0.00431mm Z ) 0.453kg 50mm

Taddss 4

Ak

Y7tn o) AR, AueFe 1w
=

AN

Pedestal®] 22 H
T AR 5 H

o

Mol oe] ASE Avte] HHE

sto] ®&

g o] g Aloj4gd il ARPA #Heoly Fol ¢

k)
2
o
oft
ol
ol
£
o
o,
)
)
i

500,00 (mrm)

23 35 AgH 2-= Pedestal =9

Fig. 3.5 Schematic diagram of the proposed 2-axes Pedestal
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Pedestalel ®A ¥ = Aule] A, A Fo]x B Aojdes= ot 27 363 2t
A Anle]l Aol AlFE ECU(Equipments Control Unit)S %3le] MCUo| A ZFH,
MCU$S ECUALe] 9] E4l& RS-485 7|WHe] Pelco-D ZREF S AL EE AAGA
}.

Pedestal & & Xl HI&

POWER SIGMAL MASS
CAMERA DC 12V, 1.2A RS 485 (2), VIDEO SIGNAL (2}, DAYMIGHT (1}, MOTION DETECT (1) 0.6 KG
LENSE DC 12V, 0.5A4 NEAR INFRARED SET (2), IRIS, FOCUS, Z00M CONTROL (12), RS232 (3) 52 KG
LASER ILLUMINATOR | DC 12V, 3.5A RS 232 (3). MOTOR GONTROL, POWER CONTROL 21KG
THERMAL CAMERA DC 12V, 1.54 VIDED SIGNAL (2). RS 422 (2) OR RS 232 (3) 7.7 KG

LIMIT S/ Doizv SIGMAL (2)

Pedestal Control Signal

AC 32

= MOTOR
Do 5 B s, DRIVER
b E— =
ENCODER Signal

LIMIT S/t - —

DC 12V (10A)
ECU
Video Signal

—
b E— E—

RS485

1% 36 Pedestal HAIGAY AP L Ao E

Fig. 3.6 Specifications and control signals of payloads
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3.3 Pedestal®] Ao +%
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Ry o, dz i BA A Fuled FAelr AAE A E
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Fig. 3.7 Control block diagram of the Pedestal
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3.4 PCU(Pedestal Control Unit)e 27
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34.1 AA AHFH o] HA

B omRolA AbgE 3 Aol2 A KVH DSP-4000< % : o] ko] Wg =
Astel Hdel BE 5 AAL ol g A&EE ZASE ANt 24 7
ST ypAoew UAde Wany RS-422 AN A4 2 FrH0 AR

Zy %9 do]H &= syne, clk, datad 37019 &= FAET. datav clke] Aol A o
A \AGgEZ AEAE clkd ASoAdA datag Holew HH, syncAlE 7t high

2 W FET HolE Y

7 AA g F ol 259 H/W A7

KVH DSP-40002 Z} %49 sync, clk, data®l 3 7] A&7} 3.072MHze] Z3o| 5 7]
Hol EHd. AA dE oAl = 13 383 #eo] XilinxAte] FPGA Spartan3Z o]

g38to] = @9z FAdE delHE FolA ©&d AER CPUY Aed XE FAs)
StEE AAstz FEsAt. Wi 115.2kbpse] UARTE XA #H o, KVH d 9]
B 4159 UART Atelol 16 #Hkel E =7] ¢} FIFO(First In First Out) B 3 & ] %] st
k.

PROM SRAM x 2
(2Mbit) (256k x 16)

T e PP P T PP T PP PP PP PP PR PP

i Xilinx XC3S200 :
-1\ [ Elevation :
E'T"> Receive E> 16byte

KVH | UART |in|Rs232|:
i Buffer : : MCU
DSP-4000| :{, o FFo E>(115.2kbps)[§fl> Driver E>
: Receive '
a9 38 AlA JIEH o]~ Ho HW 5%

Fig 3.8 H/W block diagram of the sensor interface unit
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KVH DSP-4000¢14 syncAl 7} &% wf, 2o s7]¥0o ZZ¥+= 32bits
3

dolg o] st a9 399 Zom mAA xRS 53 &

Tclk (T=325ns) I I | | | | | | | | | |
Tsync —,

L
Tdata (3130 29) 28 27¥ze) 25 oY

= <
oz

Data —p»

Type
Parity

2% 39 KVH DSP-4000¢] %% ©lo]e] 3

Fig 3.9 Output data waveform of KVH DSP-4000

¥ 3.2 KVH DSP-40009] output message format

Table 3.2 Output message format of KVH DSP-4000

Bit(s) Usage Values
31 Message 0 = Hardware BIT signal is low or contents are invalid
Validity 1 = Hardware BIT OK and contents are valid
30, 29 Not Used N/A
0 = Rate data
28, 27 Type 1 = Incremental angle data
2 = Integrated angle data
26 Parity Odd parity
950 Content The contents are in two''s complement format.
The LSB represents 60 u°/s, or 0.216°/hr.

29 WAAE dolHY fEAE ol vES Hold B, LFAAE 9
Ju AzuE, 29 A4 A% delde TR, A% delge Hahg vE
&= 60 u°/s2ZA KVH DSP-40009] &4 AE =] 393t}
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Xilinx FPGA Spartan-3¢ W9l AEEZ = RS-2322 JZA3H o, 115.2kbpse] &
T& doly HEE 8bit, HHE U, AAHE 12 FAAT. vloly Z# g2 o}
g F 333 o] AMAHolE 8 bytes, preamble® 2°}0]E check_sum 1HIOJES %
el ER FA G

¥ 33 SIU #3¥ do]lgy XY data format

Table 3.3 SIU output message data format

Byte | 10 9 8 7 6 5 4 3 2 1 0

symbol| Preamble Elevation data Azimuth data c:ue;k

FA FF E.:LS EL2  EL1  ELO | AZ3  AZ2  AZl = AZ0

time

£ 3] Elevation H°]¥ EL3

ofy
>
ofo
of
)
&2
ol
=)
(i
RS
m
(@)
l
)
m
w
9
>
)
m
[
N

o] A4 dolEe Ahx AAE 97 A%

o
o
up 7FEHE ol &3 FASFA = FAE dHeolE e AA

12 MBS AAEel A%
Aol s WA ES A A

otz 29 3.10& AAY AA Aol He 3FEZx o|tt, KVH DSP-4000° %

BEH 8y Es 72 29 32 UE HolHE AHACE 8ulolE dojHE WIS FA
of dlole g A& 4l preamble?t LFHAE 93 check_sum< 433}
7] A= wE A s /EEoe] a7 o]lE H8 XilinkAe] Spartan-3E

o) §3te] Hreol g2E +A 39
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u1 ’7$ +INA A/B CTRL ‘1‘2
-INA CID CTRL
EX POWER 18Y g POWER_INPUT  AZ_DATA+ 5 16
POWER_COM AZ_DATA- T = +INB vee
AZ_CLK+ 1 -INB GND
J CLK- 10
[——UpLooPsack AZ_SYNC+ 9] +INC 3 D80 Female DBS,
LOOPBACK SYNC- -ING gﬂ‘; 5 DB1 DCE connector
H EL_DATA+ x% +IND outc 1; DB2 4
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J EL_CLK+ SN75T75N
26— NO_CONNECT EL_CLK-
E | e ELsYNe [ us R72 12} rourt RIN 4|1E3 L
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(VH DSP-4000 1 INA ©ID GTRL 12 1e@ il [ -
65 16 c37 3l a- s
AR vee (4 3l G g=
\ -INB GND RS Co- g
+INC
21 Ne Quma 3 0os c38 )
14| D oute 41 D85 e.1uF Max3232
X—— -IND ouTD ——X
SN75175N GND
GND
KVH DSP-4000 Interface Board
TITLE : KVH_XC3S200
KMU Marine Communicatioin Lab Rev : 1.0
Release Date : 2007 / 04 /| 30 Sheet : 1/4
(a) Optical Gyro sensor interface circuit
UCCAL: ucea
JTAG Interface Header R27
1 m R28 o
¥EIS g IBBV R29 o
100
TCK | 4 GNDL W TCK
St 2 ueed 183
37 FPGA Control and
Configuration
Functions
I00-a
Control Functions o = Serial |Configuration ROM
u%
i s
=N E=s
JP1
TO0-ROM/TOI=A
o8 R74
cx P YW—RCLK
7 ) 350
R64 =
100 cs g
INIT
DIN
PROG=B RS
DONE [ 3==1
COIK
UCCe
o
%J%_%SZD _lete  _fenn  _fer2
® -~ -~ -~
f 8.047uF (8.847UF | 8. 847UF
GNO GND
KVH DSP-4000 Interface Board
TITLE : KVH_XC3S200
KMU Marine Communicatioin Lab Rev : 1.0
Release Date : 2007 / 04 / 30 Sheet : 2/4

(b)

Serial interface circuit
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1/0 Bank 2 170 Bank 3 170 Bank @ 1/0 Bank 1
101 101 17 101 He2-0R4
LOIN_3 102 =081 102 HAZ-NSTE
Le1p_3 103/UREF _@ =1l013 BB=AIRG
LI6N_3 104/UREF _8 L2 104/UREF_L o
L16p_3 =
It Lo e [t -1015 Leips £2-BESET
L17P_2/UREF 2 Le-n8? LL7P_3/UREF_3 L25N e =113 L18N_1/UREF _L a2=HAT T
19N_2 AN3 L19N_3 L25P_8 =101 Ligp_. A2 LI TE
Li9p_2 LA L19p_3 L27N_e =101 L27N_1 A2-ASTE
L2eN_2 1B1-NR3 L26N_3 L2708 4 L27p_1 PB-ANR4
L2ep 2 UB1=0R4 L28p_3 L28N_8 5 L2en1 |2 BR-ANR3
L2IN_2 Lo L2IN_3 L26p_8 [a1g L28p_1 BR-E_
L2ip2 L L21p_3 L25N_e LOs L29N_1 1A2=1I/
L22N2 _EN2__ L22N_3 HBL=INT L2p"e 108 L2op1 [ =
L2202 11B1-DBS5 122023 [ L3eN_8 1az_ Lo 1 |2 BA-1012
L23N_2/UREF_2 1 L23N_3 L3ep e 56 op_ =
L2302 £2 L23P_3/UREF_3 H L3IN_® L3IN_1/UREF_L 162-NBE
L24N2 _ONL__ L24N_3 Sl L31P_0/UREF @ 1P_1 1aZ=NB5
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/0 Bank 4 1/0 Bank 5
1
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1/0 Bark 6 el DA s
101 103/UREF _ 3
LOIN_§ 104/UREF 4 LD4 104/UREF 5
Loip.g 105/UREF_4 e L@LN_5/RDWR_B
L1eN_& Loin s B3 IXD Loip_5/Cs_8
L16P_6 Lotp_4 |13 BXD TN
LI7ZN_6 L2sn_4 [P12 _ LD6 X
L17P_6/UREF 6 25 12 BP0 L27N_5/UREF 5
LISN_§ L27p_4/01 = L27p
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L2eN_6 L280°4 BLUE L28P_5/D7
L2er_6 [2gN_4 (118 MAL-DAD
L2IN_6 - 12 RXD-A_ 4
e T = 2806 /AlGEF T8
L22N_6 L3gP_4/03 PB-DB3 L30P_5
Lzzp_¢ L3IN_6/D4
L23N_6 23 Lazw_ssecLi La1p_5/05
L23p_6 ET L32P_4/6CLK®
L24N_6/UREF _6 P8l | 3oN_5/6CLKS
L24p76 ICIB% N8| | 320 a/6CLK2
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L42P_6/UREF _6
CiBs
KVH DSP-4000 Interface Board
TITLE : KVH_XC3S200
KMU Marine Communicatioin Lab Rev : 1.0
Release Date : 2007 / 04 / 30 Sheet : 3/4

(¢) Xilinx FPGA Spartan 3 interface circuit
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Release Date : 2007 /| 04 / 30 Sheet : 4/4

(d) Memory interface circuit

a9 310 AlA dEHol A FUES] IRE

Fig 3.10 Schematic of the sensor interface unit
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U, AA QdEFH A B S/ A

KVH DSP-4000°. 258 3% 77 29| 32bit "olHE AAFo 2 8ulo]E ¢ o]

Lo

Hz wgsta sAo dole Z# e AAE ¢E= preamble?t SFHAE $%
check_sums A 3t7] HalAes wME AT A& ¢, 8o 4G, ol& 3
XilinxAF9] Spartan-3E °] &3t QIE#H o]~ 32E Fd oM, FPGAE o] &3
dolg WYX= VHDLS o]&3te] 8 349 VHDL F=+ 5 20 At
AA dHoly Aoy ofel 2d 3113 #ow, VHDLIZES] 2= A ZEYA
2~HE olgste A&AH o2 9= 32bit HelEHE FIFO Jee #HE wHo] At
o AAMZEEH FAE 7 F9 dolEE FolA PCUR dHolEE %37 9she
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Fig. 4.5 Standard form for implementing the IIR Filter
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F 41 1R 28 78 =

Table 4.1 Function of IIR Filter

lIR Filter Function

double IIR_Filter (double u)

{
static double dy=d2y=d3y=0;
static double du=d2u=d3u=0;
double y_hat;

double al=-1.760042, a2=1.1828933, a3=-0.278059;
double b0=0.018099, b1=0.054297, b2=0.054297, b3=0.018099;

y_hat = (-al=dy)+(-a2xd2y)+(-a3*d3y)+(b0+u)+(blsdu)+(b2+d2u)+(h3*d3u);

d3y=d2y; d2y=dy; dy=y_hat;
d3u=d2u; d2u=du; du=u;

return(y_hat);

4.24 st=tv g F4

2 (4.1)3% Zo] Pedestal B9 Fx9 A7} A4 =W Night Vision Pedestal A o]

g AR AT e A4 wepE KL, L (= E, AF FR%E Aol

3

o AS WA FoEA Y RCGAS RAxA7|WHoz Wz 17t 9 zhehv b

2 Q7] 99 FARE 29 463 2o 2429

o

Aggoza GaAE B s

MEEY 2w mddn

s;= (K, 7, L) i=(E, A) (4.14)
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Fig. 46 Configuration for parameter estimation
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u; (t) = 15sin(0.37t) + 8sin(0.717t) + 2sin(1.547t) (i= £, A) (4.15)
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C(s)ZKP{1+—+ Tds} (4.17)
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fr

A 71E¢] PID Alol71E A A g

. Gs)a(s)
Gri(s)= T+ G0)00) (4.18)
G, Gls) (4.19)

G, (s)G(s)+ Gy (s) = G(s) (4.20)
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Table 4.2 Optimized parameter sets for G(s)

Disturbance rejection

Parameters Reference tracking
Kp 2.1510 3.9630
T; 1.0863 0.5322
T 0.0735 0.1168
2 : :
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Step 1: Select N heuristically
Step 2: Tune the parameters {K,, 7., T;} of Fi(s) using the estimated

model and a RCGA to optimize the disturbance rejection response
Step 3: With fixing F,(s), tune the parameters {a, B} of F,(s) using the
estimated model and another RCGA to optimize the set-point tracking

response
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5.2 PCU(Pedestal Control Unit)? 3@

5.2.1 SIU(Sensor Interface Unit)d +3&
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Fig. 5.2 Output signals of optic gyro
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Fig. 5.3 Sensor output format : Elevation axis
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Table 5.1 Elevation axis data description

bit |31/ 30 29 28 27 26 25 24 23 22 21120 191817 16151413 121110 9/ 8| 7| 6| 5/ 4/ 3|2 1|0

data| 1| 0/ 0| O] Of 1| 1| 1|1y 1)1} 11|21} 1|1{21}1)1)1}1)1{0]1[1/0[05 011410

val- The contents are in two's complement format.
M| N/A | T P
ues / ype The LSB represents 60 u°/s, or 0.216°/hr.

3 B E(bit 31)°] ‘1’, o]l E Y-S 'Rate data’, Odd parity ‘1’o]t}. <Al © o] g
= 4525 yeEdY, #2" g ‘11111111111111110110001110(2)'+=  -626(10)"©] tf.
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Fig. 5.4 Sensor output format : Azimuth axis
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¥ 5.2 Azimuth = ©o]¥ A9

Table 5.2 Azimuth axis data description

bit |31/ 30 29 28 27 26 25 24 23 22 21/20 19 181716151413 1211/10 9/ 8| 7| 6| 5/ 4/ 3|2 1|0

data| 1| 0| 0| 0| O] 0| O] O] 0| O] O

The contents are in two's complement format.

val-
P The LSB represents 60 u°/s, or 0.216°/hr.

M| N/A | Type

fr& ¥ E(Dbit 31)o] ‘1’, dloly E Y- 'Rate data’, Odd parity 0]tk 4l dlo]lH

ZH&E w5 vEhgE, F2lE gk ‘00000000000000001100100111(2)'= ‘807(10) ] T}, ©]

L
R

] LSB7} 60 p°/so] 22 Fal¥ AzimuthZ 9] ZH4 == 0.04842°/s0] U},
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DSP-40002. 2 HE Elevation, AzimuthF< AN oE FAstdA F 719 dolgE =%
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Fig. 5.5 Output signals of SIU
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5.2.2 PCU(Pedestal Control Unit)® 4
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Fig. 5.6 PCU test environment
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Fig. 5.7 Output signals of motion board(CW)
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Fig. 5.8 Output signals of moton board(CCW)
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Table 5.3 Parameters according tuning rules

SERA Kp T 7, a 3
GA-TDF | 1.206 2.704 0.844 0.496 0.495
Ziegler— 1.054 4.946 1.237 X X
Nichols ’ ’ ’
Cohen— 1.422 4.344 0.745 X X
Coon
Lopez—
an 1.201 2.839 0.942 X %
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Table 5.4 Parameters according tuning rules
Sy Kp T; T a B
GA-TDF 0.614 4.795 1.917 0.353 0.283
Ziegler— 0.421 13.556 3.389 X X
Nichols ’ ’ ’
Cohen= 0.717 9.292 1.623 X X
Coon
Lopez—
ITAE 0.503 6.116 2.569 X X
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¥ 55 F4% FeH

Table 5.5 Estimated parameters

SEE K; T L;
a7z 0.998 0.002 0.002
i s 1.000 0.021 0.004
"ol EAFelAe B9z mde dis 719 T 3FA] AT AR
Tx Ao E Pedestal R H S 9% Alojr] o] FHepvE e oh g 2ot

%56 27 2 Ien g

Table 5.6 Parameters according tuning rules

SE7E Kp Iy T, o B
GA-TDF 4.925 0.0093 0.0020 0.679 0.665
Ziegler—
. 5.082 0.0099 0.0025 X X
Nichols
Cohen= 5.897 0.0111 0.0017 X X
Coon
Lopez—
ITAE 5.323 0.0086 0.0019 X X

(2) x1HA & A
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