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Abstract : This paper presents the tracking and stabilization problem of a night vision system for marine surveillance. Both a hardware
system and software modules are developed to control azimuth and elevation axes independently with compensation for ship motion. A
two degree of freedom(2DOF) PID controller is designed and its parameters are tuned using a real-coded genetic algorithm(RCGA).
Simulation demonstrates the effectiveness of the proposed method.
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1. M 2 o SAE FRE Q8 FARA, AT HFE2eH Fopzt
Fteletrt g7 42 E = Pedestal?l % 2 oA 3l 7] & o]
T Aukg B9 SEFE, ol 22, AL, A @ 8 tH(Debruin, 2008).

A S0 RIS AHA b Mzud Ay Tz 2 3| el NV Al z=do] A 7158 valry] flaide 5
AeAAA T T80l AL Tt 58] P HAUE A A MAe 6x5%(6 degree of freedom: 6DOF) &%
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A & 9 o] Wi T AAV FEEA &2 XS oz FaHo] 9} Seong =(2006) 2% AW Al xH
& o FejrtEe] FHF S F L AYHAS £ (Gimbal system)] HE 3 EAE thEAEA LQG AoV E
How w&atil FAE gra7] 9 Night vision(NV) A A8 3, Smith $(1999)2 Ak ujxAdg 2% AW A
Az=dl g Fastal AbgsE dl7f gojuta gl 2w®lo] ZZEA o] FAo] Agtolr] EE= A o](Sliding mode
Aukg NV Alz=dle A4 #8837 sidgrE22 U4 contro) & *]—9‘3}"# HXgy B3y EAE Adstd
= 7 Ak FEE2 deltte 225 A 2= BAY 2 A wsgdch ©3 Shtessel(1995)S 3% #A ZTAES HA
3 AEs o R AFEey] fe AoR2A FEE FF glet= “Zﬂoﬂ/ﬂ 9olats wAElY] 98] Aoy mE Ao
(Tracking) 7]'s oItk SH48H(Stabilization) 71l 875 2 Sgavt. 24 wvit YEgae] A5 7hAA
Ao s AR NV A== sz d9el ol LQG Aol A FAesAdA RE AEgHso AZo

, hsw@hhu.ackr 051)410-4346

, jkkim@kukdongelecom.com 051)261-1446
¥, ngc2158@hanmail.net 051)290-1448
2} 0 A3]9, ggjin@hhu.ac.kr 501)410-4341

d: rﬁ r4°

skok sk

Az
xx 13
il
7

+ i_*lx

ful

=

- 227 -



A FAE NV Al=le] 23 8l ¢hA 3]

h=)
= P 3
I(2-axes zig)9} °1& T 4 A+ PCU H

B ARSI, FF D AP AFES dxrh o
Aal AT FomAY 2% A mAL Ax, UFEm

AAn Z(RCGA)C.E 1 wj/|HSFE =

52 (Sway), 438lE 2 (Heave)st FALE9 3% 2(Roll),
%5 2.(Pitch), 4458 (Yaw)2] 6DOF &< 3

AA 9] 6DOF %ol g 7|2 A& by 5HAA
o 2 7]E"H(Fossen, 1994).

Mv+C@)v+D (Wv+gln) =1 (1)

AN = luvwpqgrl™= X Y, Z B3 3y,
st BHIE p, q, r® TAYE WEAL, 1= 974
E o RWE ¥ C(y)E Coriolis and Centripetal
d9, D)= 9338, glp = 58 I3 ZoE wEgo|r)

A (e oY v HE 7 E v ay Ay u
ooty shebnE g ME HatE ) o R A w
g FAR G 7] g 2 AFAE NV Pedestal &
A5 A1 g dHvgHE FE5E AES FATl oA

o] S WAALS »7] BHrlE Fig. 1(h)¢] 6DOF 24 A&
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B«
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(a) 6DOF motions

(b) Motion simulator

Fig. 1 6DOF motions and motion simulator
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Hoh 429 Uy e Fay Al vldEsiy, 1 AHE
HE Figo WE gy AFS TEAZ ALZA, A
A3} g el wet 1 BeFo] tha Aozt itk A (2)
+ Pierson® Moskowitz(PM)ell o] s A<kl Eofj A %= <
o] PM ~HER wdo|n 3t Folo mWE PM ~HEF

£ Fig. 29} 2} (Pierson et al., 1963).
S(w) = Aw Pexp(— Bw™)  [m?s] (2a)
9 A= 8.1x10%° (2b)
B= 3.11H,? (2c)
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Fig. 2 PM spectrum for different wave heights
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3. 2= Pedestal?} PCU

3.1 2-% Pedestal
NV Pedestal 2Z# 9, 75 EH, gx%, 7A 74,
A Fol FEE FX2A B AFddA = Fig. 33 2ol
208 FEHE e 2 F 722 AASA T Pedestal
Y9 AR GFuF 606lolx, HZH HAAZ sl
Nastrans o] &3to] Txa|AES g A3 % 13 2} o
ANRE H]-E]'Oi Arm Z7] 100mm, Z#HF 100Kg<

S00.00 Cmim)

Fig. 3 Schematic diagram of the

proposed 2-axes Pedestal

Table 1 Results of structural analysis using Nastran

Pedestal Total Von Mises Arm

Weight Translation Stress Thickness

114.79 kg | 0.00121mm vl 0.231kg 100mm

62.58 kg | 0.00431mm Hol 0453kg 50mm
3.2 Pedestal Control Unit(PCU)

Pedestale] AAHH NVAZ®E %2738, AALS
s FHYT F HAxwdgFa, AFHE dgFe
PCU A #to] :IL%E]' 2715} 7]*9 7—}1 H/W e} S/W

=
SAE - AT
Roll i Azimuth Motor E
— Sensor Data Thdsto2-Ads | Control L]
pn b Filter (Roll, Pitch , Yaw) Coordinate i
hoo| et ;
P'lc_,_p & ¥ Transh Elevation Mator | E;I *
i AD Converter | Senial Inferface & Control | 0
Yaw [P T ——
| 3Axis Angular Rate Personal :
Sensor Module Computer :

Pedestal Control Unit

Fig. 4 Pedestal Control Unit(PCU)
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O Guls) G(8)
Main controller Flant
Fig. 5 2DOF PID control system
Ger(s) = K14+ TH(s)] (6a)
cl D TiS d
o, H(s) = (6b)
d
1+FS
Gurls) = —K, o+ AT,H(s)] (6c)
a”eA 1, y, de 44 AA4A, =9, T, Gals)E
ezt gigk Few BAAS T FA7olL Gals)E
ARG Az Fo|=EXYPT HAAS T HFA 7]
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T, Te 747 vldlols, ARAT AEALE Ea) o
DI EX of  ds vEEF

gk FE
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Fyd(S):W (7b)

A (DellA md At d G(s)7h 2744
Ga(s)RFe] grepolaL, Fuls)el 3 AA
T, A L Gal(s)9 Ga(s)o] FrdS & o vk wef
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U(s)= Gcl(s)[R(s)*Y(s)]Jchz(s)R(s)
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Fig. 6 Equivalent 2DOF PID control system

TollA 2DOF PID A|°o]7]& Pedestale] @z 2
Y Z(RCGA)S 7|vto g2 T2FH vg 3}

Step 1: Get data set {u, y} through experiment;

Step 2: Estimate the model parameters K, T(or J, C) of
the controlled object using a RCGA;

Step 3: Tune the parameters {K,,T;Tq0,B} using the
estimated model and another RCGA with a

choice of N;

Pedestal =4 e
e v &

427t 5

w74 F4ol - RCGAE Pedestal
H A e(t) =y(t) —yn () AF AL gke]
iR FE HH5s A "

L0 = [ e Xty )
A7 ¢ =[K T] ol t= HIHE ANFozA
olF o] Higkel BAY 5 9 Fme 2 o] Wk
E£% 2DOF PID Alo}7]¢] Fxo]A RCGAE A% 9}
=99 A e(t)=r(t)—y®) Aw HAEgol A7 HE
5 A7e] AgE =4stA At
19 = [ et 10)

A7 & =[K,T;Tqa B ] °lth
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Fig. 7 Time series and spectra

wtekA 2DOF PID Al17] ded 7k Algdolilal da
g Ta oR d)E 4 (29 AF = g E A A
gheu] ojm) Al dd AES AT dast 2dS
al

3le] ¢= 0.1, w, = 067, o= 12 3} tH(Fossen, 1994).
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Fig. 9 Test environment
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Fig. 10 Simulation diagram of the overall control

system
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Fig. 11 Simulation diagram of the 2DOF PID controller
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