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Abstract: By using a gyroscope to directly measure the inertial angular velocity of the load inside a

photoelectric platform to construct feedback, stable imaging can be achieved by controlling the inertial
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angular velocity of light of sight on the moving carrier. The gyroscope strapdown inertial stability
control method can be used to construct the feedforward, increase the system bandwidth effectively,
and minimize control error. However, there are requirements for the gyroscope installation position.
We have proposed an equivalent strapdown stability control method, which satisfies the mechanical in-
stallation conditions with direct gyroscope feedback. The method establishes a dynamic model consid-
ering the constraints of the mounting base. The model reveals the resonance problem caused by the in-
stallation stiffness of the photoelectric platform base. For a pair of resonance and antiresonance, the
filter to eliminate resonance based on a stable pole-zero cancellation method was designed. An equiva-
lent strapdown inertial stability loop was constructed with the inertial angular velocity of the frame
measured using the gyroscope, and the relative rotation angle of the mechanical frame measured using
an encoder. In the loop above, we combined the inner loop interference suppression with the com-
pound control method usingthe inverse model feedforward, which successfully expanded the system
bandwidth, improved the tracking precision of the command, and enhanced the isolation performance.
The simulation and experimental results show that the proposed method can effectively suppress the
resonance of the elastic restraint moment of the mounting base and exhibit better performance than the
gyroscope direct feedback control. For tracking a typical sinusoidal angular velocity command with an
amplitude of 1 (*)/s and a frequency of 1 Hz, the root mean square error of the system decreased from
1.75 to 0. 23 (°)/s, and the disturbance isolation decreased from 18% to 2%.

Key words: photoelectric platform; dynamics modeling; strapdown inertial stability; model based fil-

ter; disturbance observer; compound control
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Fig.1 Schematic diagram of photoelectric platform

I H S LT £ S A Al = A A L B el
FRPEAHAL . BRI A BIESE . L7 5 4l Ay 9] J T 237
BIH L T 0, 23500 D9 0 AL L R i 2 T e AL £
e A e . T 0.0, 5300 R J1 s B AL
VEFR 3R AR JRE 0 PR e ffy . T 9 R 52 B Y
PRI RIS = A T = —T..

WLSE PR AL B8 28R i % T 7 18] O T 77 18D g S %
FELBIL 070 R e A7 3l g 2 L UL

T.— T, = Ju +0n+ B+ 0 (1)

T4 T +T. =], =0, +B, -6 (2
Horr, T, Ty 4350 A E AL B 288 v 0 3 DA g B A5 AR
5 & . B, s By 43 51 A HEBIL A 28 v AN 3 AR v Y
GRURHE . 2 3 e B Sl M i e K T R ML B 3k 5 B
Wi T, o>, B R A R 0, B T 0, Ik
B 6, TTLLZWS . SR, 243K 0 Ab F 3R £ [ 29 R 9T
HL e R I R A K T i ML T R EE sh B R R, 6,
WA o] ZW . X} 0, 10, 3R F1 45850 F B HLEL 1 A
FE T RAH XA L A

— 0, + 0, = 0. (3)

HTEPRRGEP FEEZRNMAR M T, +

Ay a8 28 ] RE AU sHop RN AR 2 1) R A 52 ), HE LA

2R ) AT e HE A, B R R AR Ty R

AR AL IR & A S e S IR K TR
JE T, T Ak ks A A

T. = K, (6. — 0, » (4)

Hdp K, M8y s g . XX D) ~20 ) gk

A7 L i 07 70 o I BHAS 2 oy By A EEL R O i 3

JAE ' 7y %) A% 328 RESORIT R i A L A ) HE 2R R X
M A1 0 A% 33 PREL S B R

O 1

T T s 5
T. Jus* + Bys+ K, (5)
CUn+ I8+ By +Bs+K,

JbSZ + By,s+ K,

0. 1

T.  J.5 +Bus

(6)
FRAE 2 (5) A2 (6) 22 il 411,755 3 s 67 28 4 1k
RIS B X AR L G 2 Fiw .

fmm¢7§%§;%x%m%@%wm%

HL P 65 BRI 4 X G 44 SORE Y £ 4% 3 R 50, R E
1B X g MR R M 7R R OB B /R T

(]m_'__][,)sz+(Bm+Bb)S+Kb ML A M e
]|)SZ+B|)S+Kb j‘]#ﬁ)ll‘ﬁlﬁgﬂ:—p’




55639 EEULRERE FE )-8 YIS 2

Wi 14 5 HRL - €5 45 A0 B 1B 151 A2 7 42 7 1347

1
s

Tms +B m

B2 e & B 4 A F
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platform
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Fig. 5 Schematic diagram of equivalent strapdown inertial stabilization compound control
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