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Detection Method of Laser Gyroscope Cavity Adjustment Based on
Momentum BP Neural Network
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Abstract In order to solve the manual detection drawbacks of laser gyroscope cavity adjustment, such as low quality
and low efficiency, a multi-sensor information fusion detection method is proposed using a CCD camera and a
photomultiplier. The center of the facula and the diaphragm and the loss of laser gyroscope are obtained and then
transmitted to the fusion center. After fusion calculation, the integrated judgment is produced. The fusion system
utilizes the momentum back-propagation neural network (BPNN) to fuse the multi-source information and output the
final decision. And according to the modes of the detected signals and output decision, a three layers topology
structure including an input layer, a hidden layer and an output layer is designed. The experimental results indicate
that the accuracy of the proposed cavity adjustment detection method is 93.81% , which is higher than the manual
step detection method using a single sensor about 6 % .
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Fig. 1 Optical path schematic of cavity adjustment

R TR 5O 23 ) A F 0 KL R R A O
LR

O fift DR O BE RN T8 i o A R AN e S
B A AR i T S F S T R G 2
7 o VA S AUAR T A% 3l 15 % T BR 1 5 A 4 IR
P PAT 3 01 B 114 B A (o RO T RE 5 M A B R A P
e B G MBEIRM A E 285 ~F Sk B B 2
P 3 S0 O v A 1 4 R CCD AR BILAS: 0 2], A6 )
IR (SR ATHIRHLS » 38 1 5 AT DUAG ) RE 0
PRAGURE KOG BN R ) O s AR B A L

transparent

CCD camera
spherical mirror

manipulators
En

2 WOLRE IR R4

Fig. 2 Cavity adjustment system of laser gyroscope
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Fig. 5 Model of the momentum BP neural network
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Table 1 Train data and judgment result of the network

. Facula center Diaphragm center o

Serial Loss value  Artificial actual Network judgment
coordinate /pixel coordinate /pixel ,
number Abscissa x; Ordinate Abscissa x5 Ordinate x, /% judgment result result

1 245.3 261.3 249.5 281. 4 0.0383 1 0 1. 000 0. 000

2 245.1 261.8 229.5 241.6 0.0621 1 0 0.997 0.003

3 244.7 261.8 235.3 241. 8 0.0628 1 0 0. 997 0.003

4 246.1 261.0 227. 4 250. 6 0.0678 1 0 0.999 0.001

5 246. 3 261.0 218.6 268. 2 0.0742 1 0 0.999 0.001

6 245.1 261.8 229.5 241.6 0.0621 1 0 0. 997 0.003

7 245. 2 260. 3 226.7 250.9 0.0612 1 0 1. 000 0. 000

8 244.0 261.0 230.0 232.2 0.0625 1 0 0.993 0.012

9 243. 3 261.3 238.4 249.9 0.0626 1 0 0.997 0.003
10 246.0 261.4 220. 8 258. 8 0.0656 1 0 0.999 0.001
11 245.7 261.0 239.2 251.8 0.0669 1 0 0. 997 0.003
12 244.1 260.5 231.8 238.9 0.0657 1 0 0.997 0.003
13 244.3 260. 5 232.3 258.4 0.0656 1 0 1. 000 0. 000
14 244.0 261.0 233.7 244. 3 0.0716 1 0 0.997 0.003
15 243.9 260.5 246.0 243.0 0.0742 1 0 0.994 0. 005
16 243.5 261.7 226.7 263. 2 0.0702 1 0 1. 000 0. 000
17 244.1 261.5 248.5 270. 4 0.0722 1 0 1. 000 0. 000
18 244.5 260.5 242.5 271.3 0.0760 1 0 1. 000 0. 000
19 244.1 260. 8 257.1 272.6 0.0790 1 0 0.996 0. 004
20 244, 4 260. 4 252.1 241.1 0.0761 1 0 0.991 0.015
21 244. 1 263. 1 255.4 271.9 0.0791 1 0 0. 997 0.003
22 244.6 264.5 244.1 278.0 0.0511 1 0 1. 000 0. 000
23 244, 4 260. 9 241.0 234.5 0.0618 1 0 0.991 0.014
24 244.5 260.7 239.9 242.3 0.0624 1 0 0.997 0. 004
25 245.1 260.0 224.1 268.9 0.0631 1 0 1. 000 0. 000
26 244.9 260.0 229.4 277.1 0.0633 1 0 1. 000 0. 000
27 244. 8 260. 4 227.6 268. 3 0.0657 1 0 1. 000 0. 000
28 244.4 260.7 234.9 233.7 0.0657 1 0 0. 991 0.014
29 244.9 260.4 219.1 259. 8 0.0719 1 0 0.999 0.001
30 244.1 260. 8 257.1 272.6 0.0790 1 0 0. 996 0.004
31 244.9 261.9 267.8 247.2 0. 0892 0 1 0.003 0.999
32 244, 2 261.0 258.0 263. 8 0.0874 0 1 0. 009 0.993
33 243.6 261.0 220. 2 228.8 0. 0888 0 1 0.001 0.998
34 244.5 260.5 223.2 231.1 0.0868 0 1 0.001 0.998
35 244.0 260.5 264.3 254.5 0.0902 0 1 0. 004 0.997
36 243.7 260.5 266. 8 245.3 0. 0946 0 1 0.003 0.999
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k1
) Facula center Diaphragm center o
Serial Loss value  Artificial actual Network judgment
coordinate /pixel coordinate /pixel
number - - - - x5/ % judgment result result
Abscissa x; Ordinate x, Abscissa ;3  Ordinate x,

37 243. 8 260. 1 263.2 264.5 0.0949 0 1 0.008 0.994
38 244, 3 260. 8 230. 3 215.7 0.0953 0 1 0. 000 1. 000
39 244.9 261.2 266.7 254. 4 0.0917 0 1 0.004 0. 997
40 243. 8 260. 8 258.6 253.7 0.0943 0 1 0. 005 0.996
41 246. 1 261.3 228.3 217.3 1. 0007 0 1 0. 000 1. 000
42 244.5 260.5 231.2 217.0 1. 0032 0 1 0. 000 1. 000
43 245.1 260. 8 218.4 214.5 0.0968 0 1 0. 000 1. 000
44 244.6 261.0 216.2 229.7 0.0995 0 1 0.001 0.998
45 244.7 260. 8 225.9 216.5 1. 0008 0 1 0. 000 1. 000
46 246.0 261.8 217. 4 230.9 0. 0880 0 1 0.002 0. 996
47 244.1 260. 2 267.7 218.9 1. 0044 0 1 0. 000 1. 000
48 244.5 261.0 222.0 220. 3 1. 0058 0 1 0.001 0.998
49 245. 4 261.5 268.0 238.2 1. 0045 0 1 0. 000 1. 000
50 245.5 261.8 225.4 225.0 1.0047 0 1 0.001 0.998
51 246.5 261.7 220. 2 217.7 1. 0078 0 1 0. 000 1. 000
52 245. 8 262.5 266. 2 254.9 1. 0090 0 1 0. 004 0.996
53 243.6 261.0 270.0 234.0 1.0072 0 1 0. 000 1. 000
54 243. 8 260. 3 268.6 228.1 1. 0075 0 1 0. 000 1. 000
55 244. 8 260.5 236.7 219.3 1.0152 0 1 0. 000 1. 000
56 245.3 261.0 256.9 219.1 0. 0389 0 1 0.006 0. 994
57 245.2 261.3 263.5 219.8 0.0471 0 1 0. 006 0.994
58 245.5 260. 9 251.5 217.8 0. 0599 0 1 0.006 0. 994
59 244, 4 260.5 244.7 225.1 0.0676 0 1 0.006 0. 994
60 245.1 261.7 237.1 225.0 0.0702 0 1 0. 006 0.994
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Table 2 Test data and result of network

) Facula center Diaphragm center Actual Network
Serial Loss value i Judgment
coordinate /pixel coordinate /pixel judgment judgment o
number - - - - x5/ % deviation
Abscissa x; Ordinate x, Abscissa x;  Ordinate x, result result
1 245.0 261.6 251.2 270.3 0.0455 1 0 1. 000 0. 000 0. 000
2 243.6 260.9 234.7 241. 4 0.0608 1 0 0.999 0.001 0.002
3 244. 4 260. 6 243.5 276.8 0. 0608 1 0 1. 000 0. 000 0. 000
4 246.0 261.8 224.5 224.2 0.0836 0 1 0. 000 0.999 0.001
5 244, 4 260.5 239.8 241.8 0.0672 1 0 0.999 0.001 0.002
6 244.8 260. 5 231.7 259.3 0.0656 1 0 1. 000 0. 000 0.001
7 244, 4 260. 9 241.0 234.5 0.0618 1 0 0.991 0.014 0.017
8 245.0 262.0 253.9 244.5 0.0778 1 0 0.991 0.013 0.015
9 245. 4 261.3 238.8 259.8 0.0728 1 0 0.999 0.001 0.002
10 243.6 258.5 265.1 212.8 0.0828 0 1 0. 000 1. 000 0. 000
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Table 3 Detection results of different methods

cCb Photomultiplier CCD came_raﬂ—
camera photomultiplier
_ Wrong 26 25 12
judgment
Accuracy /% 87.63 87.11 93. 81
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