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Abstract

In this paper we developed a statistical model for circular data with noises. In this case, model fitting
by single circular model has a lack-of-fit problem. To overcome this problem, we consider some mixture
models that include circular uniform distribution and apply an EM algorithm to estimate the parameters.
Both von Mises and Wrapped skew normal distributions are considered in this paper. Simulation studies
are executed to assess the suggested EM algorithms. Finally, we applied the suggested method to fit 2008
EHFRS(Epidemic Hemorrhagic Fever with Renal Syndrome) data provided by the KCDC(Korea Centers

for Disease Control and Prevention).
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Table 4.1. Design for ML estimation of mixture model via EM algorithm

mixture of vM and CU mixture of WSN and CU
0.6 -vM(3,5)+0.4-CU 0.7 - WSN(3,2,3) +0.3- CU

Table 4.2. ML estimation via EM algorithm(mixtur of vM and CU)

parameter D w K
true value 0.6 3 5
n = 50 0.623 3.162 5.467
n = 100 0.600 3.134 5.350
n = 500 0.608 2.959 4.914
n = 1000 0.620 3.016 5.008
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Table 4.3. ML estimation via EM algorithm(mixture of WSN and CU)

parameter p 13 n A
true value 0.7 3 2 3
n =50 0.665 2.639 1.896 3.294
n = 100 0.736 2.842 1.945 3.157
n = 500 0.715 2.980 1.859 2.943
n = 1000 0.705 2.975 1.940 2.893

-~ Density Estimation
— EM Algorithm
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© 0
< =
I 4 s
& «
S =
S °

-~ Density Estimation
— EM Algorithm

(c) n=>500 (d) n=1000
Figure 4.1. Fitted model for mixture of vM and CU
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(©) n=500 (d) n=1000
Figure 4.2. Fitted model for mixture of WSN and CU
Table 4.4. Epidemic hemorrhagic fever with renal syndrome data
No month day frequency angle
1 1 1 0 0.98°
2 1 2 1 1.96°
3 1 3 2 2.95°
4 1 4 3 3.93°
5 1 5 1 4.91°
364 12 29 7 358.03°
365 12 30 1 359.01°
366 12 31 1 360.00°
Table 4.5. Monthly frequency of EHFRS data
month | Jan Feb Mar Apl May Jun Jul Aug Sep Oct Nov Dec | Total
freq. 27 8 6 5 10 13 10 11 17 80 130 58 375
tolo] 213 (rose diagram)< Z 33 <=3 H % (circular dot plot) e} |aEIH o T g oFst A=
Figure 4.37} Zt}h. 2 A3 AS3ET L A8+ 53 AR (10¥ FE~129 5ke)l JAEH = a4
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(a) rose diagram including circular dot plot (b) histogram
Figure 4.3. Summary of EHFRS data
Table 4.6. Descriptive statistics for EHFRS data
N mean direction circular variance
375 5.452 (312.41°) 0.351
Table 4.7. Monthly frequency of EHFRS data
Fitted , log x?
estimates o
model likelihood p-value
vM P L “ —509.00 0.000
- 5.452(312.41°) 1.726
M+CU p [0 5
(vM+CU) L a r —464.29 0.061
mixture 0.696 5.464(312.86°) 7.186
p 3 7 )
WSN —539.07 0.000
- 6.347(364.39°) 1.374 —1.290
WSN+UC 2 3 i A
(WSN+UC) P ¢ 1 —444.76 0.073
mixture 0.645 5.067(290.34°) 0.533 5.575
15}7] vpgch
Table 478 9] A5E TR AYEET AY AHE UEiTh WA A4 23 T BRe) B
YL 55 A%AolE Ushiy, T 559 T¥RYL BT A8S & AW 40z vehith
o 22Esl g Bal AT A2 W ARl EILL (A1) von Misessh)
TYPRES 49 B 6g AN BYYS & 5 ek
Figure 4.4= 919 Ast4An= 1802 el Aolth
5. 28
B =FodAe el MYd 9359 233 FAE thFdth o] 4¢ 9 93RFY AFA] &
Aste AgdolY BAE st Al 4B o LEZS} NP9 von Mises B v]th o] 178
TEo] EREEE AlRbSt, o5 EFREY BRFFAS 98 EM dauelES Albsiith 2o
Fe Sl AAE EM gag]Ee] =g elsiglon, dAAAR(NFSFTEEE A8 )9 £4<5 53l
I 8487 A thgFet Fokd A& 7hsAS EAssitt
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Figure 4.4. Fitted model for EHFRS data
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