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Abstract

The normal mixture model has more applications in describing data. But it is easily influenced by
the outlier, and the maximum likelihood estimation of parameters is not robust estimation.
T-distribution mixture model has better robustness than Gauss mixture model to analyze data
with longer time than normal tails because of its heavy-tails. In this paper, we studied a univariate
t mixture model primarily. Based on EM algorithm, we derived the iteration steps of maximum li-
kelihood estimation of the model’s unknown parameters. Furthermore, we did a comparative
analysis by three types of simulated data. Simulation study shows that this model has an advantage
in fitting data with longer time than normal tails. The initial value is given by k-means method.
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Table 1. The simulation results of v =3

1. v=3MIRIGER

S N ESTI EST2 MSE1 MSE2
N 500 0.4974 0.5011 0.0000 0.0000
o) = 1000 0.4976 0.5014 0.0000 0.0000
203 500 0.2984 0.3063 0.0001 0.0002
LU 1000 0.2979 0.3057 0.0001 0.0001
4 =2 500 1.9840 1.9974 0.0045 0.0050
1) 1000 1.9881 2.0033 0.0025 0.0026
o =7 500 6.9485 7.0348 0.0119 0.0120
20 1000 6.9493 7.0357 0.0084 0.0072
w11 500 10.9590 11.0208 0.0174 0.0178
30 1000 10.9515 11.0123 0.0124 0.0092
o =1 500 0.9816 1.4078 0.0022 0.1730
10) 1000 0.9855 1.4043 0.0013 0.1723
o =1 500 0.9921 1.5314 0.0053 0.3081
20) 1000 0.9917 1.5311 0.0036 0.2960
o =1 500 1.0230 1.3980 0.0061 0.1803
) 1000 1.0279 1.4030 0.0049 0.1750
Table 2. The simulation results of v =15
2. v=15 PIEMER
S ¥ N ESTI EST2 MSEI MSE2
=05 500 0.4974 0.4998 0.0000 0.0000
0 =9 1000 0.4976 0.5001 0.0000 0.0000
203 500 0.2984 0.3019 0.0001 0.0001
a0 7 1000 0.2979 0.3013 0.0001 0.0001
4 =2 500 1.9840 1.9967 0.0045 0.0044
1) 1000 1.9881 2.0018 0.0025 0.0023
o =7 500 6.9485 7.0102 0.0119 0.0100
20 1000 6.9493 7.0114 0.0084 0.0056
T 500 10.9590 11.0054 0.0174 0.0171
30 1000 10.9515 10.9984 0.0124 0.0088
o =1 500 0.9816 1.0127 0.0022 0.0029
10) 1000 0.9855 1.0172 0.0013 0.0015
o =1 500 0.9921 1.0407 0.0053 0.0124
20) 1000 0.9917 1.0391 0.0036 0.0042
o =1 500 1.0230 1.0116 0.0061 0.0099
() 1000 1.0279 1.0158 0.0049 0.0059
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Table 3. The simulation results of v =30

3. v=30 BRERIIER

B N ESTI EST2 MSE1 MSE2
05 500 0.4974 0.4998 0.0000 0.0000
1) =™ 1000 0.4976 0.5001 0.0000 0.0000
. 203 500 0.2984 0.3011 0.0001 0.0001
w7 1000 0.2979 0.3005 0.0001 0.0001
P 500 1.9840 1.9965 0.0045 0.0043
1) 1000 1.9881 2.0013 0.0025 0.0023
o =7 500 6.9485 7.0044 0.0119 0.0098
20 1000 6.9493 7.0059 0.0084 0.0054
T 500 10.9590 11.0012 0.0174 0.0168
) 1000 10.9515 10.9949 0.0124 0.0088
o =1 500 0.9816 1.0008 0.0022 0.0027
1) 1000 0.9855 1.0053 0.0013 0.0013
o =1 500 0.9921 1.0161 0.0053 0.0098
20) 1000 0.9917 1.0150 0.0036 0.0047
o =1 500 1.0230 1.0000 0.0061 0.0094
) 1000 1.0279 1.0040 0.0049 0.0054
: ESTL: WBE M AARA T G THE . EST2: BE t-AREE T 1 P35 THE . MSEL: JR& S At S5 b8 iR 2=
MSE2: RA t- AR SHUS T 13 ) iR 2%
Table 4. The simulation results of v =3
F 4. v=3HEILER
¥ N EST1 EST2 MSEI MSE2
=05 500 0.4742 0.4888 0.0047 0.0047
10 = 1000 0.4792 0.4952 0.0024 0.0019
203 500 03119 0.3021 0.0018 0.0013
w0 7 1000 0.3099 0.3015 0.0010 0.0006
4 =2 500 1.7448 1.9529 0.5765 0.2529
1) 1000 1.7567 1.9369 1.0027 0.2239
o =7 500 6.7244 6.8751 0.5162 0.4994
2% 1000 6.7962 6.9595 0.2137 0.2074
w11 500 11.1080 10.9223 0.3646 0.2360
30) 1000 11.1236 10.9733 0.1072 0.0816
b, =1732(c, =1) 500 1.3999 1.7257 0.2390 0.0497
0= 1 1000 1.4025 1.7216 0.1964 0.0184
v 2173210, =1) 500 1.2354 1.7236 0.5135 0.0814
w0 2% 1000 1.2257 1.7178 0.4336 0.0352
b, =1.7321(c.. =1) 500 1.4238 1.7759 0.2652 0.1942
LU ) 1000 1.4863 1.7539 0.4228 0.0740
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Table 5. The simulation results of v =15

=5 v=15 NIERIER

e N EST1 EST2 MSE1 MSE2

T =05 500 0.4953 0.4995 0.0006 0.0006
o 1000 0.4964 0.5007 0.0003 0.0003

T =03 500 0.2979 0.2995 0.0005 0.0006
o 1000 0.2987 0.2996 0.0003 0.0003

o =2 500 1.9711 2.0004 0.0056 0.0047

1€ 1000 1.9724 1.9369 0.0031 0.0022
=7 500 6.9158 6.9948 0.0356 0.0326
21 1000 6.9216 6.9982 0.0121 0.0058

w, =11 500 10.9621 10.9958 0.0270 0.0291
4 1000 10.9658 10.9935 0.0118 0.0101

L =1.0742(c, =1) 500 1.0343 1.0716 0.0041 0.0036
1000 1.0337 1.0717 0.0030 0.0019

,=1.0742(0,, =1) 500 1.0198 1.0700 0.0085 0.0132
4 1000 1.0250 1.0720 0.0060 0.0062

5 =1.0742(c,, = 1) 500 1.0713 1.0715 0.0079 0.0156
C 1000 1.0702 1.0753 0.0041 0.0068

Table 6. The simulation results of v =30

6. v=30 BURERIMER

W N ESTI EST2 MSE1 MSE2
05 500 0.4954 0.4992 0.0009 0.0006
0 = 1000 0.4969 0.5002 0.0003 0.0003
. —o3 500 0.2988 0.2999 0.0006 0.0006
w0 = 1000 0.2980 0.2999 0.0003 0.0003
u =2 500 1.9782 1.9990 0.0071 0.0056
0) 1000 1.9820 2.0005 0.0031 0.0029
P 500 6.9239 6.9908 0.0825 0.0800
0 1000 6.9310 6.9984 0.0121 0.0166
p =11 500 10.9558 10.9939 0.0354 0.0350
0 1000 10.9549 10.9908 0.0118 0.0116
by, =1.0351(0,, = 500 1.0085 1.0313 0.0042 0.0033
© © 1000 1.0098 1.0331 0.0030 0.0024
500 1.0116 1.0309 0.0113 0.0110

~1.0351(c, =1
el (G =D 1000 1.0066 1.0284 0.0060 0.0047
500 1.0484 1.0317 0.0102 0.0168

~1.0351(c,, =1
Yo (@40 =D 1000 1.0487 1.0337 0.0041 0.0053

Ly~ U Oh RE TR S EAN T T R 22 R A @ AR S T TR E DN R v =30
I, R v; Fh, IR E - AR SR T A2 75 R 2 LR & i o AR R S A T R TR 2 . A,
e B R R, RE MRS T TR EZAR N BAORE, FEARMK, MSE#/,
ECE ST
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AT & = F W . IO B o5 LU 0 008 5% 10%, TRE S 7, =05, 7, =03, HHH
Ev=15, FAE N=1000. BB 1000 7k, BILGERIE 7 4% 8.

% 7. % 8 Ki:

T LU R AR Y T SR TE 45 R AN TR ZERATAT AR R, IRE - AR R R S
MR, JCHXRA L] AL SHUN A THEOR & e 7 A R RO . TR T RS B Al
iy IRE S HTAIE TR RSB IRER N, EAEZEAR. BN TR E S0, ’BE t
Y ARSI AT DLBE U (DL 2 e 7 TRVR B R TR, X BB TR G AR B TR A i A R g
o b A o K0

Table 7. Mixed Gaussian data with 5% noises
F7. BEE SUHGRE S S ETEGE

ZH ESTI EST2 MSEI1 MSE2
7, =0.5 0.4911 0.4944 0.0001 0.0001
m,=03 0.2988 0.3001 0.0001 0.0001

=2 1.9774 1.9960 0.0031 0.0026

o =1 1.0187 1.0426 0.0019 0.0038

un=7 6.9379 7.0000 0.0100 0.0057
o, =1 1.0246 1.0412 0.0046 0.0075
=11 10.9821 11.0173 0.0118 0.0101
o, =1 1.0699 1.0543 0.0098 0.0110

Table 8. Mixed Gaussian data with 10% noises
= 8. BIEFE 10%AGE A SR

S EST1 EST2 MSE1 MSE2
7, =0.5 0.4841 0.4885 0.0003 0.0002
7,=0.3 0.3005 0.2994 0.0001 0.0001

=2 1.9663 1.9914 0.0044 0.0030
o =1 1.0483 1.0776 0.0042 0.0086
=17 6.9231 6.9857 0.0122 0.0062
o, =1 1.0624 1.0674 0.0086 0.0111
=11 11.0148 11.0341 0.0144 0.0120
o, =1 1.1078 1.1083 0.0172 0.0226
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