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Optimization of Static Equilibrium Leveling Algorithm for Optoelectronic
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Abstract: To address the imbalance torque caused by the center-of-mass offset in electro-optical
pods, a balancing optimization method was developed. This method integrated an eccentricity parameter
estimation approach based on the trust region framework with an augmented lL.agrangian optimization algo-
rithm. A mathematical model of the mass offset was first established, and high-precision eccentricity pa-
rameters were estimated using trust-region-based method. The balancing problem was then formulated as
a multi-objective optimization task aimed at minimizing both the imbalance torque and the total counter-
weight mass. The e-constraint method was employed to convert the multi-objective problem into a single-
objective one. Following each e updated, the augmented Lagrangian method was applied to obtain a Pareto
solution sets, from which the final solution was determined using a weighted-sum strategy. Experimental
validation was conducted on two electro-optical pods weighing 4 kg and 10. 5 kg, respectively, with 50 tri-
als each. The estimation errors of eccentricity distance and angle reach the order of 10 ° and 0. 1°, respec-
tively. Post-balancing, the qualified rates of residual imbalance torque were 96% and 100%. These re-
sults confirm that the proposed method may efficiently and accurately determine optimal balancing configu-
rations, offering a reliable theoretical and experimental foundation for the static balancing of electro-optical
pods.

Key words: electro-optical pods; static equilibrium leveling; unbalanced moment; trust domain; aug-
mented Lagrangian method
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Fig.1 Simplified diagram of theoretical model
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Fig.2 Flow chart of eccentricity parameter
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Fig.3 Flow chart of balance algorithm

XFLCm, A, m) 3R A -5 5 A5 2080 BE 47 i

aL
- — 2
dm;

—

inloml. x + yiUloml. y )+ /11 +

dg;(m)

rg:(m) dm;

+[ 9+ pmax (0, Zm,*e)]
i=1

(20)
U BT 2001 5 U, S IHE y il 0 22
by SIS ANAE L Cmy 3)s X m, 54T B BE R [
[T
m* Y =m" — ¢VL(m, ) (21)
v YR S CF BV LR FY (PN
P B H 3 09 50 H 0 0 R iR

ATV =204 pg (m™)

7 = 5"+ pmax (0, irnfk]*s) (22)
MARIE R/ (m )<< B, 25 25 & N WUBLAH L I
B MBS 2 AT e, I (E B A 20T e B R D
- e o

Ry B R e A7 AR 00 80 RN A 1Y % 2 L
- 756 -

AR B R B A — H R R AAE T — 2 e
IR G . AR Ak e IOME L B 45 3] Pareto A U 2E -
P:{<HU1(UJ‘:1”’ zm;j)’ My, My, *=+M,y, )|]: 1,2,--,K }

(23)

i M\ Pareto i iy 4 H e B f0 i a2 SCINAYL
1515

Fon= UL+ @, ml?

w,t+w,=1 -

XFF AL, v AR A BT 5 1 9 0 = 05, o 4y

w, T e, T (EL L B0 T 728 110 T 05 0 . OB 0 6 7 1 44
R B TROT R

4 L R AT

4.1 wOEITEZEIR

AR SCR B HUT O A BT HLB R R 4 kg 196
MM A T R R UE . X 4 kg 9 R HEAT
F O Al T 33 AR S 2 A5 3 H A ek B0 St
UL A A0 2 B8 At 2k UL 5,

(24)

B o i ?

—_
(=1
ES

10°®
10 1.5 20 25 3.0 35 40 45 50
EAIREU
B4 R0 B R o E 0 S ik &
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Fig.5 Eccentricity parameter changing curves
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Fig.6 Gradient variation diagram
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Fig.7 Eccentricity distribution scatter plot
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