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Abstract: The lightweight SBG inertial navigation system has the characteristics of being small and light, which can
be used for the direct and strapdown stabilization of the electro-optical tracking system. In this paper, five inertial
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stabilization control methods based on the lightweight SBG navigation system in gimbals are studied, and

theoretical analysis and experimental validation are performed. The classical position strapdown stabilization

technique has limited disturbance suppression capability due to the limitation of position bandwidth, which makes it

difficult to meet the requirement of high-precision stabilization. A SBG-based position-rate dual strapdown

feedforward stabilization method is proposed, and the decoupling of the strapdown feedforward is achieved by

introducing a high-pass filter, which can further improve the perturbation rejection bandwidth as well as the

stabilization capability of the system. Theoretical analysis and experimental results show that the SBG-based gyro

direct stabilization control method is better at disturbance suppression when the application conditions are not

considered, although it is limited by the bandwidth. Under the limitations of platform volume and weight, the

proposed SBG-based dual disturbance strapdown stabilization can further improve the system's disturbance

rejection capability and obtain better stabilization accuracy.

Keywords: strapdown nertial stabilization; disturbance surpression; inertial navigation; inertial stabilization gimbal
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Fig. 2 Direct position stabilization block diagram based on SBG
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Table 2 RMS errors of three direct stabilization methods
W Hz 1 3 5 10
SBGHEk FE 0.1074 0.2542 0.2335 0.3094
HT SBGRI stk ta E 0.1024 0.2162 0.1758 0.1661

220238-9


https://doi.org/10.12086/oee.2023.220238

TF, 4. S TR, 2023, 50(5): 220238

https://doi.org/10.12086/0ee.2023.220238

2
0 Position strapdown stabilization based on SBG
[aa] 0 Rate and position dual disturbance feedforward
% Rate and position dual disturbance feedforward wit filter
el
2
g
=
10° 10! 102
Frequency/Hz
2250 Af‘\” i
\w 1IN i ’\
_ 2200 f Hw‘ \ '
Ot’ i If
8 2150 fI1 \
_DCQ: ‘ | WL L \\J (:\*\
2100 |
| VAR f
2050
10° 102
Frequency/Hz
B 12 RSB35 I F 0 L 2
Fig. 12 Disturbance suppression frequency response curves
A3 AATIEHG kK
Table 3 Summary of 5 control methods
Jik Ykl se 3Hz 5Hz Pt s 5
, NPEIMRIE IR, FERERE 2 . .
SBG FeUE - - XA A R E
1 HHEERE 30dB -26dB VKA, TR B S REARR . E AT EOR
DESmHIRE IR, I BARSERE WA
2 ETSBGREBMMEFRRIAEE -42dB -36dB  2)RHBIHAEIT AL, am%%#“ AT
3YAT LA f 6 BT 1 4204 T R
PRIE S 4215; e——
3 HTSBCRBINHAFERIE  -42dB -36dB  2)FIAIT-HHEAKGEL, OV A T (5
(ELTERE M T 160 2P S 3l e e
. . VeI SR, R EE; .
SBGHY{; BHER AR - - MRS E
4 FFSBGIN B HEB R E 32dB -30dB VT A5 FER AR E
DIRSHNHI R, RUER R
5 FE T SBGRUL shFEkfa e -34dB -32dB  2)FEIMIHE; 2 MBI T LA SO ST (5
3)TCrk T AR AR Bl

W 2R HEE ;BT SBG M9 XU shifE Az 2 il LA4R Tt
RGP TE, (FORT EATI R, HIF
FEICEE N7 2R R sl . e B AR R S
ARHERAEIE T, 5T SBG K5 i 3R K 543
TERGIEE fes, PUEhIMHIRCR By, (FUR A REZ B R %
PR SE R

5 & it

mw%%%%%%ﬁﬁ%mguME
SBG 2 — Foft ok - AT LA i B8 A 0% e A A TR
TR/ IRTIARE S ﬂUFFJ%‘ﬁEEEEE,iNLE@
B AR R o EAR SO LRI T RS T

%%,

) 48 Hh LT SBG B H2 A IR A 1) R4 1 45 #4011
FoEtEae, BRI MRS IE T A R E ik
IPERE AL A M B S58 . PR L IR
RAERAATR T, 3T SBG Ui R e
K e, PLsh Ml R B4y JEF SBG M4 st
QY S N (E B2 Ei 1 i oo o N R E W e
RTINS AU BT SBG 1Y XA B4
WAs vT DL R BN (AR, SR s il aE 1
BN, T RGN T

S22 3Rk

[11 Yu ZY, Yang T, Ruan, et al. A rate-difference disturbance
observer control for a timing-belt servo system[J]. [EEE Trans

220238-10


https://doi.org/10.1109/tie.2021.3123642
https://doi.org/10.1109/tie.2021.3123642
https://doi.org/10.12086/oee.2023.220238

FE, %L T, 2023, 50(5): 220238

https://doi.org/10.12086/0ee.2023.220238

[2]

[3]

[4]

[5]

[6]

[8]

[9]

Ind Electron, 2022, 69(1): 11458-11467.

Hurdk Z, Rezac M. Image-based pointing and tracking for
inertially stabilized airborne camera platform[J]. /[EEE Trans
Control Syst Technol, 2012, 20(5): 1146-1159.

Ruan Y, Xu T R, Liu Y, et al. Error-based observation control
of an image-based control loop for disturbance suppression in
segmented lightweight large-scaled diffractive telescope
(SLLDT)[J]. Opt Lasers Eng, 2022, 156: 107105.

Tang T, Ma J G, Chen H B, et al. A review on precision control
methodologies for optical-electric tracking control system[J].
Opto-Electron Eng, 2020, 47(10): 200315.

FEVE, DAk, BRUDR, 5. 6 IR R G0 O R R AT ik
J[J]. Ot T, 2020, 47(10): 200315.

Li Z J, Mao Y, Qi B, et al. Research on control technology of
single detection based on position correction in quantum
optical communication[J]. Opto-Electron Eng, 2022, 49(3):
210311.

2R, B, OTIE, B, S TOLEAE T AL E A E SRR 4
WEJ]. JEH T RE, 2022, 49(3): 210311.

Hilkert J M. Inertially stabilized platform technology concepts
and principles[J]. IEEE Control Syst Mag, 2008, 28(1): 26—46.
Zhang L Z, Yang T, Wu Y, et al. Image measurement-based
two-stage control of Stewart platform[J]. Opto-Electron Eng,
2022, 49(8): 220019.

KR, B, Rz, 55 BT RGN ALY Stewart - & WU Hil 4
A1 EH TR, 2022, 49(8): 220019.

Tian J. Research on multiple sensors control technology of
inertial stabled-platforms[D]. Chengdu: University of Electronic
Science and Technology of China, 2016.

3. AR E & P i 2 A5 B R HOR BT (D). s B¥
BHE KA, 2016.

Glick M, Pott J U, Sawodny O. Investigations of an
accelerometer-based disturbance feedforward control for
vibration suppression in adaptive optics of large telescopes[J].
Publ Astron Soc Pac, 2017, 129(976): 065001.

(E=RER

FE (19979, o, BULBgEA, B
PERGE P B Rl R A
E-mail: wangyu_1231117@163.com

WA (1998-), %, W0, b5
B B ERER STl

E-mail: bianqihui20@mails.ucas.ac.cn

B (1989-), B, THRUW, WF5EJ5 1 kot
E-mail: liaojun1989@163.com

[10]

(1]

[12]

[13]

[14]

(18]

[16l]

[17]

(18]

220238-11

El-Sheimy N, Youssef A. Inertial sensors technologies for
navigation applications: state of the art and future trends[J].
Satell Navig, 2020, 1(1): 2.

Xia W Q, He Q N, Duan Q W, et al. Equivalent acceleration
feedforward based on sensor optimization and robust
prediction[J]. Opto-Electron Eng, 2021, 48(11): 210153.
SIS, ARk, B SC, A5 HE TR RGBT A S5 AL
TR ERTHRJ]. Ot TR, 2021, 48(11): 210153.

Rezaé M, Hurak Z. Vibration rejection for inertially stabilized
double gimbal platform using acceleration feedforward[C]//
2011 IEEE International Conference on Control Applications,
2011: 363-368. https://doi.org/10.1109/CCA.2011.6044442.

Li M, Li J, Zhang R Q. Unbalance disturbance restraining for
inertial stabilized platform[C]//2016 Chinese Control and
Decision Conference, 2016: 2723-2728.
https://doi.org/10.1109/CCDC.2016.7531444.

Xia Y Z, Bao Q L, Liu Z D. A new disturbance feedforward
control method for electro-optical tracking system line-of-sight
stabilization on moving platform[J]. Sensors, 2018, 18(12):
4350.

Kennedy P J, Kennedy R L. Direct versus indirect line of sight
(LOS) stabilization[J]. IEEE Trans Control Syst Technol, 2003,
11(1): 3-15.

Sisu S, Suvak O. Comparison of direct and indirect
stabilization ~ methods  for gyro  stabilized  gimbal
systems[C]//2020 12th International Conference on Electrical
and Electronics Engineering, 2020: 251-255.

Chen Y, Xue Y Y, Zhang X J, et al. Target tracking system
based on inertial stabilized platform[J]. App/ Mech Mater, 2012,
271-272: 1669-1674.

Zubov A V. Stabilization of program motion and kinematic
trajectories in dynamic systems in case of systems of direct
and indirect control[J]. Autom Remote Control, 2007, 68(3):
386-398.

SR (1994-), 2o, BUEOFTEOL, WHoermhy
BT GO L st
E-mail: 1160255376@qq.com

(GEfEfER ] B (1980-), 5, I, L,
PRI QR 2. R TR
R

E-mail: tangtao24@163.com

[=]

MY, JREPDFE3C


https://doi.org/10.1109/tie.2021.3123642
https://doi.org/10.1109/TCST.2011.2164541
https://doi.org/10.1109/TCST.2011.2164541
https://doi.org/10.1016/j.optlaseng.2022.107105
https://doi.org/10.12086/oee.2020.200315
https://doi.org/10.12086/oee.2020.200315
https://doi.org/10.12086/oee.2022.210311
https://doi.org/10.12086/oee.2022.210311
https://doi.org/10.1109/MCS.2007.910256
https://doi.org/10.12086/oee.2022.220019
https://doi.org/10.12086/oee.2022.220019
https://doi.org/10.1088/1538-3873/aa632b
https://doi.org/10.1186/s43020-019-0001-5
https://doi.org/10.12086/oee.2021.210153
https://doi.org/10.12086/oee.2021.210153
https://doi.org/10.1109/CCA.2011.6044442
https://doi.org/10.1109/CCDC.2016.7531444
https://doi.org/10.3390/s18124350
https://doi.org/10.1109/TCST.2002.806443
https://doi.org/10.4028/www.scientific.net/AMM.271-272.1669
https://doi.org/10.1134/S0005117907030022
https://doi.org/10.1109/tie.2021.3123642
https://doi.org/10.1109/TCST.2011.2164541
https://doi.org/10.1109/TCST.2011.2164541
https://doi.org/10.1016/j.optlaseng.2022.107105
https://doi.org/10.12086/oee.2020.200315
https://doi.org/10.12086/oee.2020.200315
https://doi.org/10.12086/oee.2022.210311
https://doi.org/10.12086/oee.2022.210311
https://doi.org/10.1109/MCS.2007.910256
https://doi.org/10.12086/oee.2022.220019
https://doi.org/10.12086/oee.2022.220019
https://doi.org/10.1088/1538-3873/aa632b
https://doi.org/10.1186/s43020-019-0001-5
https://doi.org/10.12086/oee.2021.210153
https://doi.org/10.12086/oee.2021.210153
https://doi.org/10.1109/CCA.2011.6044442
https://doi.org/10.1109/CCDC.2016.7531444
https://doi.org/10.3390/s18124350
https://doi.org/10.1109/TCST.2002.806443
https://doi.org/10.4028/www.scientific.net/AMM.271-272.1669
https://doi.org/10.1134/S0005117907030022
https://doi.org/10.1109/tie.2021.3123642
https://doi.org/10.1109/TCST.2011.2164541
https://doi.org/10.1109/TCST.2011.2164541
https://doi.org/10.1016/j.optlaseng.2022.107105
https://doi.org/10.12086/oee.2020.200315
https://doi.org/10.12086/oee.2020.200315
https://doi.org/10.12086/oee.2022.210311
https://doi.org/10.12086/oee.2022.210311
https://doi.org/10.1109/MCS.2007.910256
https://doi.org/10.12086/oee.2022.220019
https://doi.org/10.12086/oee.2022.220019
https://doi.org/10.1088/1538-3873/aa632b
https://doi.org/10.1186/s43020-019-0001-5
https://doi.org/10.12086/oee.2021.210153
https://doi.org/10.12086/oee.2021.210153
https://doi.org/10.1109/CCA.2011.6044442
https://doi.org/10.1109/CCDC.2016.7531444
https://doi.org/10.3390/s18124350
https://doi.org/10.1109/TCST.2002.806443
https://doi.org/10.4028/www.scientific.net/AMM.271-272.1669
https://doi.org/10.1134/S0005117907030022
https://doi.org/10.12086/oee.2023.220238

T K, % B T, 2023, 50(5): 220238 https://doi.org/10.12086/0ee.2023.220238

Strapdown inertial stabilization technology
based on SBG inertial navigation in
inertial stabilization gimbal
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Overview: Inertial sensors are often used to maintain inertial stabilization and compensate disturbance in moving
platform gimbal systems, which are widely used in engineering applications such as vehicles, satellites, ground-based
equipment, and other moving platforms. Maintaining the line of sight (LOS) toward a target is challenging when the
gimbal systems work in an environment with severe disturbance or when the target is highly dynamic. According to the
installation methods of the sensors, the control methods can be divided into two types: direct stabilization and
strapdown inertial stabilization. In direct stabilization method, the inertial sensors are directly mounted on the LOS axes
to compensate the disturbance, which is simple to achieve but the disturbance suppression capability is limited by the
closed-loop bandwidth of the system. However, the closed-loop bandwidth of the system is limited by the resonant
frequency of the platform, which is difficult to improve, resulting in limited system disturbance surpression capability.
The lightweight SBG inertial navigation system, produced by SBG Systems company, has the characteristics of being
small and lightweight, which can be used for the direct and strapdown stabilization of the electro-optical tracking
system. In this paper, five inertial stabilization control methods based on lightweight SBG navigation system in gimbals
are studied, and theoretical analysis and experimental validation are performed. The classical position strapdown
stabilization technique has limited disturbance suppression capability due to the limitation of position bandwidth, which
makes it difficult to meet the requirement of high-precision stabilization. A SBG-based position-rate dual strapdown
feedforward stabilization method is proposed, and the decoupling of the strapdown feedforward is achieved by
introducing a high-pass filter, which can further improve the perturbation rejection bandwidth as well as the
stabilization capability of the system. Theoretical analysis and experimental results show that the SBG-based gyro direct
stabilization control method is better at disturbance suppression when the application conditions are not considered,
although it is limited by the bandwidth. Under the limitations of platform volume and weight, the proposed SBG-based
dual disturbance strapdown stabilization can further improve the system's disturbance rejection capability and obtain
better stabilization accuracy.

Wang Y, Bian Q H, Liao J, et al. Strapdown inertial stabilization technology based on SBG inertial navigation in inertial
stabilization gimbal[J]. Opto-Electron Eng, 2023, 50(5): 220238; DOI: 10.12086/0ee.2023.220238
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