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Abstract:

Circular data, or circular observations, is data that has a periodic nature and is measured on
the unit circle in radians or degrees. It differs fundamentally from linear data that is compatible
with the mathematical representation of the usual linear regression model due to its periodic
nature. Circular data arises in a wide variety of fields of life, including scientific, medical,
economic, and social. Circular (angular) regression is one of the most important statistical
methods that represent this data. There are several methods for estimating angular regression,
including parametric and non-parametric methods. The problem of the research appears in dealing
with circular data when using angular measurement for the study variables in the regression
model, whether the dependent variable y or the explanatory variables x,s, or both together, due to
the presence of the periodic property in the circular scale.

The research aims to estimate the models that represent these phenomena subject to the logic
of circular angular data, taken under the presence of the periodic property over 24 hours in the
measurement. The research also aims to apply causal modeling using a regression model based on
a trigonometric transformation function, which will result in a change in the structure of the
natural equations that lead to finding solutions to them to estimate the regression coefficients.

Therefore, the research included the use of three models for angular regression, two of which
are parametric models and one is a non-parametric model. As for the parametric models, they are
the Maximum Likelihood Circular (MLE) model and the Circular Shrinkage Regression (DM)
model. This method is a method proposed by the researcher. As for the non-parametric model, it is
the Local Linear Circular Regression (LL) model. The Mean Circular Error (MCE) criterion was
used to compare the three models.

The results in the experimental (simulation) side showed that the parametric models are not
better than the non-parametric model in solving the problem of non-Euclidean data that deals with
circular observations using the inverse transformation method in simulation experiments (9
experiments) and for all assumed values and all sample sizes.

Keywords: Circular regression, Circular maximum likelihood (MLE), Circular shrinkage (DM),
Local linear circular regression (LL), Mean circular error (MCE).
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10] 0.3262636 | 0.3557664 ] 0.2518291 0.3288853 ] 0.3586772| 0.2518924
50| 0.1745553 | 0.1812912] 0.1066462| 0.1750119] 0.1817642| 0.1066558
150 ] 0.1098265] 0.1126531 ] 0.06302061 0.1104827 1 0.1131452| 0.06303111
Blslaall dyail (5) Jgaad
a= 2 B=0.02 o=|a= 3.5 p=0.01 ®=
N 0.5 0.5
MLE SH LL MLE SH LL
10] 0.3311295| 0.3593921 0.2261225 ] 0.3322587 | 0.3612604 | 0.2260918
501 0.17742971 0.1837644]1 0.1071953 ]| 0.1782395 0.184434 | 0.1072569
150 0.1117877] 0.1141971 | 0.06293047 | 0.1122681 0.1146854 1 0.06293628
BlSlaall 4yjail (6) Jgaad)
a= 3.5 B=0.02 0=
\ 0-4 a=5.17 B=0.01 o= 0.4
MLE SH LL MLE SH LL
10] 0.3281234 ] 0.3576013 | 0.2518152 ] 0.3285954 ) 0.3587764 | 0.2519768
50| 0.174638 | 0.1816862 ] 0.1066599 | 0.17537371 0.1822108 | 0.1066538
150 | 0.1099156 | 0.1127316 ] 0.06302195| 0.1108345] 0.1134799 ] 0.06303372
BlSlaall 4yl (7) Jgaad)
a= 3.5 p= 0.02 o= a=5.17 B= 0.01 ®=
N 0.6 0.6
MLE SH LL MLE SH LL
101 0.3405799 | 0.3677863 ] 0.2251194 ]| 0.3392596 | 0.3676907 | 0.2251364
50| 0.1788057 | 0.1851409] 0.1066091 0.1801796 | 0.1865251 0.1066226
150 0.11342 1 0.1158385] 0.06288601 0.1212232 )1 0.1239118 | 0.06747151
BlSlaall 4yl (8) Jgaad)
a=5.17 B=0.02 0=
\ a= 3.5 B=0.03 o=0.4 o
MLE SH LL MLE SH LL
10] 0.327348 ] 0.3576666 0.251835] 0.3285243 ] 0.3580996 | 0.2518558
501 0.1753573 0.182049 | 0.1066675]1 0.1750606 | 0.1818324 ] 0.1066588
1501 0.1100458 1 0.1128677 | 0.06301779 | 0.1103373 0.113082 | 0.06302318
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BlSkaall dual (9) Jsaadl

a= 3.5 B=0.03 ®=
a=5.17 B=0.02 o= 0.6
N 0.6
MLE SH LL MLE SH LL
10| 0.3381961 0.3650271 0.2251763 0.3415989 0.3682975 0.225112
501 0.1788004 0.1853176 0.1066109 0.1802221 0.1865331 0.1066172
150 | 0.1133382 0.1157304 0.062882 0.1137312 0.1161187 | 0.06288679
slaall 42t (10) Jgaad)
a=5.17 B=0.03 ®=
o=5.17 B=0.03 o= 0.4
N 0.6
MLE SH LL MLE SH LL
10 | 0.3280651 0.3585167 0.2518143 0.3397619 0.3668231 0.2251225
501 0.1746484 0.1816483 0.1066589 0.1787121 0.1848828 0.1066131
150 | 0.1098975 0.1126934 | 0.06302226 0.1134593 0.1158654 | 0.06288489
1
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BlSlaall z3lail sl Y ad aa Balgall Y (1) J<A

1Addlially gitill) 1.4

n=10, 50, ) &< dual5Y) Clisedl alaal gaealy (LL) @i gadasall Jlail) z3gal OIS 2 3gail Judl
@bl Wasll Cilasye Javosial Jlre JBI s gisS slSadll Jglhas aenls (@ B 10) Gacalidl) will maends (150
.(MCE)

3 slSladl) (et Jghaa 3 ilS (LL) (o) canagall Slaat¥) z30al (gl Tadd) e jo dacigial G i
(©=0.6 ,3=0.03 ,0=2) duzal8¥) ailly (N=150) layste ducalyit) Ly Jolaal) pan G (0 Aad il Cien
ol V) il araady Aol Y1 disll aas 3y LIS (MCE) (ol Uatl) cilasye Jacigia il
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relalingy) .5

Glial) slaal 38y (0 B ,0) AaliY) adl) aaeal diph oSl (LL) @il gadasall Jaadll dih
(MCE) () Uns ilasye Jacsgie 81 citin gl 7z 3l paeals,(0=10,50,150) ducayiaal
Glasye Jasgie Jil cin e Luabedl) daphal) 2oy A58 Lpal) (8 culS (MLE) Gl alaeY) lSay) 42k
L) il alaal 280y (0 B ,0) sl labea) ad guenls dabead) Gylall Lgally ,(MCE) (5l U
3kl auealy,(n=10,50,150)
shall (o i (MCE) dad 0la 10 Al aaa oIS Lo IS il 5Ll (ojlas PS40 Lasds
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