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Dual Stage Servo Controller for Image Tracking System

Young Joon Choi* and Min Sig Kang®

ABSTRACT

In this paper, a dual stage servo mechanism has been developed for image tracking system to improve control
performances such as small rise time, small overshoot, small settling time, small stabilization error etc. A secondary
stage, a platform, actuated by a pair of electro-magnets is mounted on a conventional elevation gimbal. In this
mechanism, the gimbal provides large range but slow motion and the platform provides small range but fast positioning.
A sliding mode control is applied to the platform positioning to attain robust performances and stability in the presence
of the disturbance related to dynamic coupling of the gimbal and the platform. Results from experiments illustrate that
the suggested dual stage mechanism controlled by the sliding mode control is effective in improving responses and
attenuating the disturbance response related with dynamic coupling.
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72|54Y K.,K = current and position stiffnesses
r, w =rteference input and disturbance
e, =control input voltage Ugq. Uy ~€quivalent and reaching control inputs
F, = electro-magnetic force x, u =state vector and control input
I1,, y, =nominal current and nominal air-gap o =sliding function
J o =moment of inertia of gimbal @, ¢, =position angles of gimbal and platform
J , =moment of inertia of platform
K amp =gain of power amplifier
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Fig. 1 Schematic drawing of dual stage servo system
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Fig. 4 Relation between air-gap and coil current
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Fig. 5 Dynamic model of dual stage servo system
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Table 1 System Parameters

Symbol | Parameter Value

J, Gimbal moment of | 0.00322 [Kg m?]
inertia

J, Platform moment of | 0.00125 [Kg m?]
inertia

L Length of platform 85 [mm]

I Nominal current 4 [A]

Y, Nominal air-gap 0.58 [mm]
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Fig. 6 Block diagram of dual-stage control system

Eo|JEE AoE EFFT AAHA w4
Zgo]A] Al&¥ AoJE ©F Fig 6 o EFAE
2 veid F 3ok Y Aor] G & Ity
Q PID-ANE AHBsH, EAFLS 4059 €
oYEE AojE FHEEUMY A B} A, & A4
g @ gt vy EREA, HY o
& L8 A4 9238 dehdo

4. 8 23t & =9

Fig. 6 & A7l #2& 7L 2HoA A|&]

of A&t 2l16)e FE s = #HH =07,
AHAESF  ,=30Hz, 283 AaDA =400
< AAR3AT}. WA HIEE =07, ,=30Hz

-

th. A2 PID-AOIE Bt ADUYed N
3% E LAE AAGRRLH, Aoj7] o|FL Al
49 ZEHY 8% AL zmetn JAY ¥
HAE A8 W2 ARSI 025 27 HEE ZH
Aot AlojdlM BEY FoFE IkHz 2 9
At gellA =g uiel Zol 2(15)9] &etol
3 EE Rojr|e MY EE PID-A7] F2E 7}
Aw, o] HdyAold o& FEFL tHgd A
& &Yz

A9 Ao} o]5E HBs A2vey A A
T THE 98 AdIHEE FHA JE AAY
g, Fig. 6 9 ro] EIE F5HHA(L6mrad YRt}
A 3t 8 442 o Adsdd. Fig 7
< 71 AXNYYol EAF TF WHARY Fe
Imrad & W AGSHOE, Fig. 7Tas £80% =
E Aoj7lelA By & AT HPAg 3
4% A%, Fig. To € SEHOFEE AojE HEF
3% SRt ¢, & Fde FuZH, 4, & F¥

Q Ba 3ol drhiE FHSA Aupid @



HPE - A - BSALTHIA] AU P A2%

E9E 2 3

Positionfnwad)]
o
>

oo/ P

05 10

Time{s}

(a) Linear Control

PIED

l’-“‘w\ml..h.ﬂ B igboprrdy

P
i / '\O,
/
'\.\. 6
/ N A
[4

™

06

Position[mrad)

04

0.2

-,
LN S

0o 05 1.0

Time[s)

20

(b) Sliding mode control

Fig. 7 Step response of dual stage system-small input case
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