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Abstract: Applying adaptive optics (AO) system to correct aberrations is an effective technical way to improve
the performance of optical systems. In order to ensure the long-term, safe and stable operation of the AO system,
it is necessary to monitor the operating data of the AO system and identify the instability state of the system to
provide decision making suggestions. Based on the above purpose, a set of 127 units AO system instability data
simulation platform was established. The abnormal data frames were inserted into the closed-loop operation of the
simulation platform, and the abnormal data sets under four kinds of closed-loop instability were obtained. Once
the deformable mirror, the core component of AO system, worked abnormally, it will threaten the safety of the
system. Based on the deformable mirror control voltage rms index, three machine learning methods were used:
Kmeans clustering, K-NN classification and ARIMA prediction for recognition and detection. The detection
results of the three methods in different types of abnormal data are different, indicating that the three anomaly
detection methods have certain effects and scope of application for system instability detection. In actual
application, one or a combination of multiple methods should be selected for testing.
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Fig.1 Close loop structure of adaptive optical system
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Tab.1 Close loop abnormal states of adaptive optical system

AO system components

Abnormal phenomenon

Possible causes

Hartmann wavefront sensor

Sub-spot saturation

The slope of subaperture changes sharply

Sub-spot jitter

Overall slope mutation

Deformable mirror

Control voltage oscillation

Control voltage burr

Excessive voltage difference between local control units

Subaperture lack of light

Control voltage saturation

The spot intensity is too low to be detected

Obstacles block light path
Incomplete wavefront caused by pupil deviation
The spot intensity is higher than the sensor threshold
Stray light interference
Background noise interference
The light source flickers
Mutation of work environment
Light source jitter
Work platform jitter
Closed-loop overshoot
Optical axis offset
Aberrations are too large
Drive units failure
Closed-loop overshoot
Drive unit exception

Mismatch between DM and sensor
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Tab.2 Four kinds of DM instability simulation process

Idx Instability phenomenon

Simulation process

Asetsl Control voltage saturation

Asets2 Control voltage oscillation
Asets3 Control voltage burr
Asetsd Excessive voltage difference between

local control units

Let several random drive voltages reach the threshold

Let the voltage difference between adjacent frames of several random

drivers exceed the normal range

Keep several random drive voltages in the high range

The random driver voltage is kept high, and the adjacent driver voltage is kept low

1.2 27T BTHERS
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Fig.8 Voltage RMS curves before and after the appearance of voltage instability
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Tab.3 Stability analysis of RMS for normal closed-

loop voltage

Original First difference Second difference
Adftest 0 0 1
Kpsstest 1 1 0

#HE7 ARIMA B 38 8 b A AE G F R 19 A G
RECWLIE9), i 2 SRV S H0CN arima (2, 2, 1), BEAFHL
TSI 45 SR AN S R 1 — 3

AR B i i) 7 2] R % 2 % SR M A AR 24 M
e, TR IZ B A M REAE DR 10 R 5 -

20200299-7



ISk A2

% 10 & www.irla.cn % 49 A
Auocoraton ncion 3 AO REKIHRMEIIRL 2R
08y HRAR 0 LA ) 0 T 3 15 53 8008, HEAT AR, 45
£ 6! FMNF 4 B, Kmeans B 7 XA R 58 4 AR
5 ol %‘%%Jﬁlb,ﬁ%éﬂ 1, M — LB 1
b ! BN EEE B, £o0f S AN RS, BB, E%éfﬁz%ﬁ
£ LHIE WA
0 %&HWLH—HLF e, 020 A [0.466; 1.854] HEAT ) &
02| : P 1 KI5 21 P A3 4 2 1K xumf&zﬁﬁh@m
Lag BRI, Al BB FAIE LE 3 B R B L S — 2L O 7
Autocorrelation function A B R BB ARGF (I 5 ).
b0 K-NN J7 76 U1 255 RO i 9 b 46 % 348 4
_ (T3 6), B2 405 1 JEE AR er B Eﬂ?’faﬁﬂﬁ%’“ﬁ
g sl SIE B LA 3515 53 MR 2 (0 PRV i 5 4030
i, S, OB SR, E‘iﬁﬁ&‘i%ﬁt?ﬁﬂ%ﬁ%
H A2 BT, TR A RO DU R SR
e 14 ARIMA IR 255 (L35 7), %%EIMZ)’J“
‘ TRAETT 3 2 E T UM RO B, AESE 4 28
; : — e SR T %%#ZK%B%ﬂé’f%ﬁ%&?Eiﬂﬁﬂ

Lag
€19 DM HLJE RMS —Bir22 73 F ARG S fi F ARG 4%

Fig.9 Autocorrelation and partial autocorrelation coefficients of second

order difference of DM voltage RMS
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Tab.4 Accuracy of clustering method on abnormal data training sets

Training sets

Anomaly duration Asetsl

Asets2

Asets3 Asets4

Accuracy Clustering centroids Accuracy Clustering centroids Accuracy Clustering centroids Accuracy Clustering centroids

25 frames 0.988 0.687,4.439 0.896 0.432,1.698 0.9 0.429,2.27 0.9 0.429,1.798
100 frames 0.996 0.646,4.607 0.926 0.498,1.707 1 0.63,2.685 0.934 0.509,2.039
250 frames 0.999 0.472,4.622 1 0.466,1.854 1 0.467,2.948 1 0.467,2.432
x5 BEAZESBUEVNLEE LHIERE
Tab.5 Accuracy of clustering method on abnormal data test sets
Test sets
Anomaly duration
Asets] Asets2 Asets3 Asets4

25 frames 1 1 0.984 1

100 frames 1 1 0.997 1

250 frames 1 1 0.998 1
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Tab.6 Accuracy of K-NN method in training sets and test sets
Training sets Test sets
Anomaly duration
Asetsl Asets2 Asets3 Asets4 Asets] Asets2 Asets3 Asets4
25 frames 1 0.908 1 1 1 1 1 1
100 frames 1 0.999 1 1 1 1 1 1
250 frames 1 1 1 1 1 1 1 1
&7 ARIMA FiEEGEEMNRE LR ERE
Tab.7 Accuracy of ARIMA method on training sets and test sets
Training sets Test sets
Anomaly duration
Asets] Asets2 Asets3 Asets4 Asets] Asets2 Asets3 Asets4
25 frames 1 1 1 0.964 1 1 1 0.952
100 frames 1 1 1 0.633 1 1 1 0.628
250 frames 1 1 1 0.538 1 1 1 0.5878
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