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Fig.2 Histogram and True and Estimated Distribution

Curves (Example 1)
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Tab.1 Estimation Results of EM Algorithm Under Gaussian Distribution Mixing
ok =3 po=4 o=1 0,=— 3 a;=0.6 a,= 0.4
EM p EM_G EM p EM_G EEM p» EM_G EM p EM _G EM p EM_G EM p EM _G
1 3.0191 29048 39463 4.0720 0.9928 1.1712 29031 2.7080 0.6017 0.5857 0.3983 0.4143
2 3.0191 2.8818 3.9468 4.0992 0.9931 1.1267 29035 2.7174 0.6019 0.5839 0.3981 0.4161
3 3.0191 29047 39460 4.0700 0.9927 1.1702 2.9029 2.7072 0.6016 0.5849 0.3984 0.4151
4 3.0191 2.8804 3.9458 4.0897 0.9926 1.1222 29028 2.7128 0.6015 0.5800 0.3985 0.4200
5 3.0190 2.8787 3.9464 4.0792 0.9929 1.1170 29030 2.7075 0.6017 0.5755 0.3983 0.4245
6 3.0191 2.8794 3.9458 4.0832 0.9926 1.1191 29028 2.7095 0.6015 0.5772 0.3985 0.4228
7 3.0190 2.8857 3.9464 4.1253 0.9929 1.1389 2.9030 2.7298 0.6017 0.5945 0.3983 0.4055
8 3.0191 2.8884 3.9460 4.1436 0.9927 1.1473 29029 27383 0.6016 0.6017 0.3984 0.398 3
9 3.0190 2.8863 3.9464 4.1294 0.9929 1.1407 29031 2.7317 0.6017 0.5961 0.3983 0.4039
10 3.0191 28834 39466 4.1100 0.9930 1.1317 29034 27225 0.6018 0.5883 0.3982 04117
11 3.0190 28853 39467 41226 0.9930 1.1375 29033 2.7285 0.6018 0.5934 0.3982  0.406 6
12 3.0191 28877 39465 41382 0.9930 1.1449 29033 2.7357 0.6018 0.5996 0.3982 0.400 4
i 3.0191 2.8872 3.9458 41052 0.9928 1.1390 2.9031 2.7207 0.6017 0.5884 0.3983 0.4116
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Fig.3 Root Mean Square Error of Model Parameter
Estimates(Example 1)
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Tab.2 Estimation Results of EM Algorithm Under the Mixture of Laplace and Gaussian Distributions

- w1 =0 so=1 o=1 o, =4 a;=0.5 a,= 0.5
EMp EMG EMp EMG EMp EMG EMjp EMG EMjp EMG EMp EM.G
1 0.0038 0.1184 0.9299 0.8838 0.8895 0.6447 4.0541 3.7440 0.4488 04061 0.5512 0.5939
2 0.0038 0.1185 0.9298 0.8839 0.8894 0.6452 4.0539 3.7445 0.4488 0.4063 0.5512 0.5937
3 0.0038 0.1183 0.9297 0.8837 0.8893 0.6447 4.0538 3.7439 0.4487 04061 0.5513 0.5939
4 0.0039 0.1184 0.9302 0.8838 0.8898 0.6449 4.0547 3.7442 0.4490 04062 0.5510 0.5938
5 0.0039 0.1183 0.9300 0.8837 0.8896 0.6446 4.0543 3.7438 0.4489 04060 0.5511 0.5940
6 0.0038 0.1183 0.9299 0.8837 0.8895 0.6446 4.0541 3.7438 0.4488 0.4060 0.5512 0.5940
7 0.0039 0.1185 0.9301 0.8839 0.8898 0.6451 4.0546 3.7444 04490 04062 0.5510 0.5938
8 0.0039 0.1184 0.9300 0.8838 0.8897 0.6449 4.0544 3.7441 0.4489 04062 0.5511 0.5938
9 0.0039  0.1185 0.9302 0.8840 0.8899 0.6454 4.0548 3.7447 04490 04064 0.5510 0.5936
10 0.0039 0.1185 0.9302 0.8839 0.8899 0.6453 4.0548 3.7446 04490 04063 0.5510 0.5937
11 0.0038 0.1184 0.9297 0.8838 0.8893 0.6450 4.0537 3.7443 04487 04062 0.5513 0.5938
12 0.0038 0.1183 0.9297 0.8837 0.8893 0.6446 4.0538 3.7437 04487 04060 0.5513 0.5940
I 0.0039 0.1184 09300 0.8838 0.8896 0.6449 4.0542 3.7442 04489 04062 0.5511 0.5938
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Fig.6 Root Mean Square Error of Model

Parameter Estimates (Example 2)

4.3 EHH13:%0 GPS Wi & 7% = £ 47
Bk B g K Algonquin Park 5 ALGO il
b A5, Al TPS NET-G3A £ i #L R 45 3k 18

2013-04-28 UL H e o A6 AR AT A9 32 99 T 2 %
b L0 K v e FBCRE A TR O 00K R R
L XU TG FL B J2= 2 5 WL (L 5k 22 R AT 0 B o B
b 200 A 0R 22 (EAE AR A B, A AR 315K
HRE A B (1 p (R 1,398 BB AR A B i
Filv 53 A7 B 20 5, B EM_p S0k AT S HUR S
ERUWNE 3TR
x3 WNEZRZEHEMEEMGBITER

Tab.3 Estimation Results of EM Algorithm of Observed

Value Residuals

AL 3! Mo oy 0, a, a,
1 —0.066 —0.028 0.543 0.425 0.488 0.511
2 —0.075 —0.024 0.556 0.436 0.433 0.566
3 —0.065 —0.029 0.543 0.428 0.485 0.515
4 —0.071 —0.026 0.549 0.431 0.464 0.536
5 —0.075 —0.025 0.556 0.437 0.434 0.566
6 —0.073 —0.025 0.552 0.434 0.449 0.551
7 —0.067 —0.028 0.545 0.430 0478 0.523
8 —0.070 —0.026 0.549 0.431 0.467 0.534
9 —0.076  —0.025 0.557 0.437 0.433 0.567
10 —0.068 —0.027 0.546 0.427 0.480 0.520
11 —0.072  —0.025 0.552 0.433 0452 0.548
12 —0.071 —0.026 0.551 0.432 0.458 0.542

i —0.071 —0.026 0.550 0.432 0.460 0.540
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Tab.4 Pseudorange Single Point Positioning Results/m

LS Lp

fli {8 iRz fii 18 iRz
X —1304154.105 2.582  —1304153.996  2.472
Y  —4831834.409 4474 —4831833.913  4.154
Z 3943 236.838  5.344 3943 236.658  5.212
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Application of EM Algorithm in Parameter Estimation of p-Norm
Mixture Model
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Abstract: Objectives: Aiming at the mixed observation data of multiple distribution forms, a expectation-
maximum (EM) combined p—norm distributed model(EM _p) is established. Methods: Considering that the
mixed number in the mixture model belongs to incomplete data, the EM algorithm is introduced to estimate
the parameters of the mixture model and the p—~model mixture model parameters are derived in detail. The
estimated iteration formula and the corresponding iteration steps are given. The mixture Gaussian distribu-
tion data, Laplace distribution and Gaussian distribution mixture data, and the residual data of measured
global positioning system(GPS) observations are used to verify the correctness and adaptability of the formu-
la in this paper. Results and Conclusions: The results of the calculation examples show that, compared
with the single probability distribution, the p—norm mixture model can accurately reflect the actual situation
of the data distribution, and the model parameters estimated by the EM algorithm have higher accuracy.
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