55 35 %4 8 1 (N G S T A S <} Vol. 35, No.8

2023 4F 8 H HIGH POWER LASER AND PARTICLE BEAMS Aug., 2023

LRI ZSEES TS

B T LI5MA0R DL S MBI BY St = s R 2 B 77 0

NEE, BLEE, H %
Cofv e R D124 ) 45— L RS2 BT M 450000)

W OE: OLFIUH RS REOL R G R E B AT O, WA RO RS TAERS T Bk oy
S W 0 B R 2 BB A7 R 4 R T A R B T L B R] R, 4R T — 2040 R AT L S AR
B G 2E TE RIS W O vk . E S, A Dk 20 A AR LR AT D S A AL R 4 0 2 T i T AR AR R A RURAE B K
J5 X SR BRI AL ABUAE B o A I AR AT A B S, A5 A O 0 R R TR T X Ol 2 T 1 R AT R 2 TR
K fr o I A5 A 3R W] M R B A 0N, % R AR R T A A P 21 S WA AT IR 12 W Y D 12 A R 12 T 0
WA R AR R 3 A G bR 4 BRI 9.70%. 3.60% F16.10%:; 12 5 35 AH 8 T 8 i Al ) AT 00 % 400 451 8 A7 i b
15 T A 7 1 TE SRR 2 W R | R ORI R 3 N R AR L3 SR T 18.00%. 16.00% il 2.00%.

KB IR AR AN AT LR AR R 2

FESES: TN209 XEREE: A doi: 10.11884/HPLPB202335.230040

A fault diagnosis method for optical elements based on
infrared and visible light videos

Hu Zhengzheng, = Ma Liuyang, = Hu Hao
(The 27th Research Institute of China Electronics Technology Group Corporation, Zhengzhou 450000, china)

Abstract: Optical elements are the core components of laser systems, and their health status is the key to the
stable operation of laser systems. How to realize real-time monitoring and fault diagnosis of optical elements in the
working status of laser systems is a problem that urgently needs to be solved in this professional field. To solve this
problem, this paper proposes a fault diagnosis method for optical elements based on infrared and visible light videos.
Firstly, a long-wave infrared camera and a visible light camera are used to collect video information during the
working process of the optical element. Then, the collected video information is processed using anomaly point
detection algorithms. Finally, the fault diagnosis and localization of the optical element are carried out in combination
with the thermal rise characteristics of the optical element. The experimental results show that, under the same
algorithm, the method proposed in this paper has improved the fault diagnosis precision rate, false alarm rate and
missed alarm rate by 9.70%, 3.60% and 6.10%, respectively, compared with the method of fault diagnosis using
infrared videos alone; the method proposed in this paper has improved the fault diagnosis precision rate, false alarm
rate and missed alarm rate by 18.00%, 16.00% and 2.00%, respectively, compared with the method of fault diagnosis
using visible light videos alone.
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(a) original of infrared image (b) infrared mask (c) infrared preprocessing image

Fig. 1 Infrared image preprocessing process
BT ZEAh A AR T A B R BRI
12 I5MAAT I AR R E S
1.2.1 T2 HMR 525 R A I3 3%

HOL 2258 TAF S B vh A D'~ TT AR B LA v i] BE 2t IUAR 22 3 B2 T s 4, (ELD AN J2 A ) T e
REXE MO TTPF B R, FUA R 1] SRR LI B2 W1 5 1) i A RS DG A T PR 0UIR,, SOAR SCR 22 T3 B2 1) 55
RN, RS BRINE

(1) X UL PG A 2R @ ot PR BEA T R BE M AT, T30 1 B RO T TSR T < T (T D o U PO B 4D , )
5 WURIR A S, ARSI i+ 1 WIER BB B o> T, HEALIR(2));

(2) 15 M IR fe s RO 2 B (L, 1) S HERERR A PO AL B Ry, IFITHE P S Ry Z AN B 5 AR B S Ly L e 2%
Bt PRy 5K A o

089002-2



WG g 55 BT LD AR I AR A o6 2 T A BB 2 W T U

@

(a) original of visible light image (b) visible light mask (c) visible light preprocessing image

Fig.2 Visible light image preprocessing process
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Table 1 Description of two videos’ anomaly detection

infrared video visible light video process flow
casel normal normal normal process flow
case2 abnormal normal next step, analyze temperature information
case3 abnormal abnormal position matching, output fault information directly
case4 normal abnormal impossible
case5 abnormal abnormal position mismatching, impossible
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Fig.7 Flow diagram of fault diagnosis fusion judgment
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Fig. 8 Optical elements’ fault diagnosis examples

Bl 8 oo il e 2 W S 4l

2 REWIESHERSW

ASCWTE TR RER G, T REBOER S TAES R PR 0 A SC PR A, 0 R4 R G0 b il G Kk
£LAMHBL AL S 2 HiNet-6400EM, 2k 5 i3y 25 Hz, KI5 #E3 hy 640512, R JCEIBE 12 pm, Wi 57 % Bt 8~ 14 pm,
IR L 0~ 600 °C, P37 ff1 61.5°%45.7°; W] WL G AHAL L 5 2 VCXG-13M, SR Wi Jy 90 Hz, EIMZ 53 BFR N 1280
1024, #137ff1 63°x48.1°; K% .0 Ak FH B SE RIS Jetson Xavier NX.

L CS-46 Ui 56 (i it 56 ) v SR A 19 5627 0 A 20 ARSI RT DL S RAT A 191], 5% S 2 0 A2 1 15 5532 W o7 7 1k
HEAT U . élﬁw%ﬁﬁ?‘*mﬁ(z—s 145, 5.18 5. 5.22'8) Toax > T HL 07 2 A0 [R5 AT UL G W0 950 4 22 — W7 (£=5.186 s.
5.198's, 5.21s) S, >2, HA7 EAHR o 2k fl & I e 20 S8 A i) S 55 T DY R0 00 o S o507 S8 D I, 42 o
R R R

AR SCHE T 1000 VR 38 56 B0 CHE rp 0 3 SO B0HE 155 W), IO 2 W i i % (FDPR). % 2 A3 5[] (FLT).
M % 2R (FAR) Fll i % 2R (MAR) 4 /N8 A5, X =i il 12 Wy B 3004 7 1 b A7 %0 b, X 25 5 an 2 2 firm . v, O
T 1R BE T T AN 5 R 12 W B TR Ty v Dk 2 R T T LA RS W S T T vk ik 3 R T A
%ﬂﬂm AR (5 R 12 W B T Ty s, Tk 3 R AR IS SR Tk . N FR 2 W LU, AR S 6 HE T R | RR

BOR | IREOR AR RSO S, AR ST 005 (7 3) 507 1R HE AR R T 9.70%. 3.60% FiT 6.10%; 5 5 ¥k
2 K L3 SR T 18.00%. 16.00% Fl1 2.00%. 15 W AR §8 SC I 5 1% T4 w5 e (12 W v 0t 258, B AIG i B o R S 2
A RACR
F2 =MAEMIERMLERE

Table 2 Experimental results of indicators of three methods

No. FDPR /% FLT/ms FAR /% MAR /%
method 1 88.80 228 4.60 6.60
method 2 80.50 97 17.00 2.50
method 3 98.50 135 1.00 0.50
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