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=~ RABLE A3 (Maximum Likelihood Ertimation )

B — AN n ZBEBBER (Yo, %), i=1,2, o, 0o R SRS
ff@s ( bivariate normal distribution ) B B R

Y. = (X + 1) cOSﬂf(X2i+p2 ) sind
Y., = (X, +ﬂl) sin@+ ( X, + ) cosd@
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MECEEEHBENCpo , 2D > BHAE (mean vector ) po=(0,0)"
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: z::(gl 622) ' .

B (Y, Yo )R (Xae, Xow) BEBREAZIER o HEMLAT :
S| Xii~NC0,613), Xpq~N(0,65) ‘
o X1i+ﬂ1~N<ﬂ1,ﬁlx), th"'/lz“‘N(llz,ﬁzz)

ED#?} (Xu s szt) Zﬁ%i(xu’ ’ Xzs’)’ﬁcf:' Xu'=\X1¢+/11 ’ X2i,=X2i +pp 0 ﬁ#@

Hig@—0 AE( Yy, Y% ) » QI

X]f +#1 = Yli COS&""YZ‘ Sin0
Xoi + g2 = — Yy sinf + Ya, cosd

G - MR S ERE

Yi.=( Xy + 1) cosd — ( Xpi + g, ) sind
th?-'( Xis +ﬂ1 Dsind + (.Xu + u ) cosd

B (Xae Ko )P ~N(0,5),i=1,2, ) 5 0 Xy B Koo i 2 o o T OIS

1 X34° Xp,?
exp— :

fcxli, x2i)=

2 ’ 2 :
Hrp 6, = 617 ,6,= 6 o

B xy= yic cosf + yz{siI‘lo — My

Xy = —yy; SIinf + yy cOs — 1,
H# % 2 Jacobian Rl YBERBE Y. AY. cEARETERHS
’ 1
8 (Y14, yau ) = 27 6.0, exp—[ 26u<y" cosf +yy, sind —py, )2
+ P ( y2: €08 —y1,80 — 5 )2 ]
622

- HEREARE ( Vi , yz1 Dy ooy (Vins Yon ) BIWEE &8 (the likelihood func -
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= — .23 (ycos0+ynsind—z) (—1)
0t 26y, t=1 » '
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_ = =0> 2> (y1,0080 + yz,8inf —p, ) =0
a#l t=1
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2y 2y
—(" )c050+(‘ =1t )smﬁ

= ?,icosﬁ + ¥, sind

oInL . .
[EE > =0 > u, =y.,cosl —y,sind
o M2
0 InL 27[62/2‘\/611 1
= —Nse——— : 6+ 0 2
0611 ! 276,6, 26112 -41 <YI cos Yot sin ﬂl)
= — 3 p I/ 2 infd — 2
2o, T 26“ 2, (v cosftys sind—p,)
olnl A 1 =
=036 =— Z (y1:cos0 +y,,sind — f1;)?
6611 nit=1
A 1 =z
E?,ﬁu=-; 2 ((y1: —y1)c0sf +(yry—y2)sinf]?
alnL RN 1 n . -
[E]H » =06, =— > (yxcosf—ysind—y,)?
0622 n ft=1

. 1 2
_Ey,fizz-_-; Z LC(y2e—¥2)cosl — (Ylt‘Y:)Slnﬁjz

Ko fo1, f2, 6u T 62 D UTE 1, pt2, 61y K 65y ZfHEHE o
LS e 6u R 6y BB ZHEAAGE KBS » 18

1 1 ~ 1 ~
L= m— eXp(——— + né6; — * N6z, )
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1 1
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W2 FEHEENSEAZME » BCSE 6 -6 HWOMSNBE/ZME

MU RENZER 6 61, - 62 BUSIE/INI 0 B9 EHE (estimator) 6o B mB e 2
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1=Y,cos0+Y,sind

=Y, cos@ —Y,sind
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Ay = Zl'(Ylg —-Y,)?

t=

A= ¢§1( Y — ‘1) CY2¢ - Y2 )

Azz = ‘§l< th - ‘2)2
Al
fu=1 3 [(¥i =V, )c0s0 + (Yo — ¥, )sing )

:%{[én(Y” —Y,)?) cos 26 + [é:l(Y%i —Y,)?)sin%
+ 2 él( Y. f?l) (Y, ~?2) sinfcosf}
=-11; [A11é0s20+A22 si1;20+2A12 sinf cosf]
AR S== 3 [(Yo—Taeost — (Y, ~¥,) sind)?
;% [Azzcoszﬂ-l-Ausinzﬂ—ZAlz sinfcosf ]

{H 6,062 =# {(A11c0820+A;z, sin?@)( A, sin2@+Aycos20)+2A,,sinfcosb - L

Ay, (sin%@ — cos28) +A,, (cos26 —sinzd)) —4Ap% sin?f cos?4}

=# {(Af sin%fcos?d +A11A22(sin40 +cos*fd)+A,sin2fcos?8)

+AuSin20(Azg ‘All )00320 —Alzz sin220}

1 |
=—[(Anhsn—A;)? +( Ay — Ay, ) sin?fcos20+A,, cos 20-

‘ (Azz -All‘) sinZﬁ +A122.COSZ 20]
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RS RS ERERREN %
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= tan 26 = 11 —Az;
RESREDEY tan™ Je—8— » 3 0 i FFIREERY -
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= > ij‘(ﬁ%\.]\‘?—jj{—g"g‘f% (Orthogonal Least SquaresiE'st_imati-on_)

ﬁﬁﬂﬁ(ﬂghnizl.z,m,nﬂ B LY+ 6Y, = © WEEEER
d-;= It Yo, +t, Y5 — el - ' |
VT
Emmﬁﬂmﬁ

SS z d 2._ ‘Z <tlY11+t2Y2i._c)2
- t] + tz

B » RFIRGE SS BENGCH :
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cLICMRA B

‘ it'ti(Yu Y1)+t2(Y2,; Y)Jz.’
SS=.:=1 :

t2 +t7
RfEs &ty =tcosh , t,=tsind » RIS

s 2 (Y=Y tcost +( Yo —¥, ) t5ind)?
: ‘f.“ : Atb»z' ————— -

2. (Y=Y, 2 cos? 6+‘"21( Yo —Y2)?t25in2042 3 (Gi—YX Y, —Y))
= . =1 : _ — i=1 L
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Azz =t$1 (YZi ‘Yz )2'

‘__38805 =0=>—2A,cosfsinfd +2A,,(cos2f—sin20)+2A,, sinﬂcosﬁ;b

$ 2A12 cos 20+(A22 ;All ) sinZﬁ:O

2A,,

ﬁ tan260 =
All -AZZ

6 TIP3 55 = T i [F —YE BRI o
TR /N F5 s SR B AR (5 R — B o

IR BERTAS R » FER IR IEE| S ch AT R R EERS » i ] LIS 2 i e 2 R ) B (2
Ml Ty =cos , t,=sind (RE—BMH » 4t =1) o R » BFLRLE » 5
HEHEIRTERS W=1Y, +1, Y, MR MRS — A 0 19 EMER (confidence
Cinterval) » BUBMIEIRE IR AT IR B TR B0 (IR o

- i,e, W=Y,cosf +Y,sind

AP(6,<0<8,)=1—a

SP(W,<W<W)=1—a

F RT3 0 2 W38 BRI (asymptotic variance) s} » {8 F Hfw AMERE £ 5HiE
82 LUK 18 0 2 BHER o RMBAEBNE hitsh 0 W BEY o HARFMED
L E R — BT B o Bt 101 0= 6 —1.6458, RO =5+
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B2 EESt B H R RS AN

1.6456, 10 ZELIAIEHEE 0% HEBEERZRR o
A @ {tﬁf%z;ﬁ-gﬁ;%‘ﬁ (Asymtotic Properties of the Estimator)

RS SR 0 2R AR S S » ROBTIHE 6 =85S o
BFFIE FHIREERE 0 2855 A o WM EHE 2 B2 % Anderson (1) o
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' E( bij’(m) bn(m)) : Vik ij+ Vu‘ Vji

S+ by IS BN § U S Fi2 T m';;'
ve REMMESEN M EFEER .
T SURBAH b HARZERAR b BEEAE o BT CUR—b ) 2
EARAN (0, T) o drw= f ORAR u HFH - HEU= b ZHFEH— =%
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%ﬁﬁﬁﬁ 4 ‘”
o
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ﬁ¢ﬂ§@2ﬁ%<nmw®@' o ,
BT S IOMED » Yo=(Ya ; Yt i=1,2) n o Y, Yy, , Y,
fﬁ%%4,§m@%ﬁa%ﬁmNcﬂ z> ﬁ*"

M= (EYli E EY,, )t )
= (ﬂlcosﬂ—pz sinf , p, s1n0+p2 cosd )"

D= (U x)'%ﬁ,

V12
Vii= 61, c0S20 + 6,5 sin2 @
- V2= (6;;— 65, ) sinf cosd
V= 6, sinzﬁ.-l- 655 COS20
RS
' EYI',._E[(X1,+;¢1)cos¢9 (Xz¢+p2)sln0] o
—E[(thosﬁ —X,, s1n6’)+(p1 costS’—,u2 s1nc9)]
= cosﬂEXu ~s1n0EXz,+(#1 cosﬁ—,a2 smﬂ)
= cosﬂ—pzslnﬁ ( [ﬁBﬁﬂEXli_Eth_ 0)
% | o
EYz,_pl 51n¢9 + ¢, cosd _ :
V= VY"_V[(cosﬂXu—smﬁXZi)+(,alcos0 ﬂzslnﬁ)]_ -

=V (cosfX,, — sinf X,,)=cos? 0VX1,+(—snm9)2VX2¢ L
= c0520-6;; + sin®f . 6,, : . ‘
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[FE 2 vo=VY =6y .sin20-+v 62 COS 20 -
viz = cov( Y, Yo ) =E[(Yi—EY, ) (Yo —EY; )]
: ='E[(X ” cost9 -—Xz--i sinﬁ) ('X;, siné +X2i cols 0 0]
=E[(X,; -—Xz,z)smﬁ cos0+X,,X2, ( coszﬂ—smzﬂ)J
= sinfcosf (EXy2 — EX,2 )+ cos 26 + E (X, - X,,)
'i 51n0c0s0(VX1,—VXz‘) ( .Xu ﬁxziﬁgﬁi )

= (611— 622)sln0cosl9
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2 vii® 2V Viz ; 2 w,?
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5
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—u;
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BA LEFEEZUM » b » RTHEEE_SZG4  XEY fORHEE T
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'ﬁ: » Hi ¢b Zm%ﬁ .13
2u .—_l_. ’ :
' 0 f(u) _i 2 (uy—uy)? _ —U, . —Vi2
du, |u=b 2 14 2u, )2 - (u,-u5)2+4u22 u=b —(Vuh.sz)z‘l“lVlzz
: u,—u;” |u=b :
. 2, . v
0f(u) _1_ U —ug . B . Vi1 — Va2
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( -1)
0f(u) : _1_ 20 (u;—u3)? _ u; _ V2
duy lu=b 2 1+ _2u; y, T (uy—u ) +4u? |u=b  (v;;—vs2)?+ 4vyz?
U, —Uu, u=b :
‘ _ 2y, 1 2(65,—6,5,)sinf cosf
f — tan™! =— tan~! — ~ :
Btb) = an Cv 1— Va2 2 an 64, (cos20 —sin20—6,,( cos2f—sin2@ )
1 sin 24 1 |
—_—— -1 g 1 R —— —
3 tan™! ( o5 20 D 2 tan™! ( tan 20) (20) é ~
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Vi1 Vzz — Vo' _ 61 6y

Ti=¢; T ¢y == = ——
=g 1 é (v — sz)z F4vi? 0 (61— 65

&§ZMﬁﬁﬁﬁuoﬁwy'% BREN S o

2 _ T1 . 1 61162
% " n n (65— 6;;)2 (520 580 )
S RAMEGERS
~ 2 1 | Vire Vo — Vit 1 ApAy—A2
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HET st E XM

t

— Vi2 : — V2
’ 2vy# 2vy v 2,52
2 \ 11 11 V12 12
(Vn‘sz)z +4v,; _ (Vu—sz) +4v,,2
Vii—Va2e 4 Va2
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(vir—va P+ Viz (Vu‘vzz) +4vy,?
Viz
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\2V12 272 Vi 2V22
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/
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1 2vy 2vyy Vi2 2vy5? —Vi2

B C (Vi3 —v2)?+4v,2 ]2

— o 2
( Viz, V11 sz,Vlz) 2V Vi VitV Vae 2V, Vo Vii—Va2

2vy,? 2Vy2 Vo 2Vt Viz
y .

1
B [(v,l—v22)2+4v122 JZ

° (-Zvlz (Vquz‘sz) ’ (Vn‘V22> (vi1va —v?) ’

—Viz
2vyp (Vn Vae—Vi2 ) ) - Vii— Va
Viz
1
E(Vu —Vy )2 4+4v,2 ]2
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Vi1 Va2 — Vi 611622 ( sin*d +2sin2fcos20 + cos*f )

- (vir— V2 )2 + 4vy,? B E( 611— 632 ) (cos 20~sin2t9)]2+[(61i—622)ZSinﬂcosﬁjz

611 622 ( sin2f + cos?@)? 611 622

(61— 625)? (08220 +5in?20) (65, — 655 )

&~ A % +%&(Monte Carlo)ﬁjjﬂg{‘gfgﬁ% Z R

B TRAHE R ATREEAE » BFFH S & AR o
S+ H RS

L e RS M SRR BEN0, ), 3= ), M Xuy, Xa)
(Rizs X )y, (Xun, Xaa) (WMD) 0 iBEA o

2 HRK

Y;: = X;; cosd@ —X,, sind

Y, = X,; sinf+X,, cos 4
L (Yo, Yoo DB o |
e 0 B—IREZ M5 » (R 1= g1 =0 ) o

AEAEEED R o2 WREMARD ] — ZEMERN o H W2 tan20=

2A1,
» MRS iR 2 HEBGER A o

AII—AZZ
| gZ_L A Ay —Ay#
T n (An—A;,)?2+4A,,2
oA : 2 2__ T1 — L 611 622
[ﬁﬁ——)N(0,60>9 60_ n - n (611-622)2
5 |
_ —N(0,1)
64
0—6
H P(-2g<—— J2g)=1-a

64
f% P(§~Zg~go<0<é\+z%-go):1—a

MAFEHEY 1 —a 2 0 I UEEERNS
Eé\l :é\Z]: Ea‘zg'a\ﬁ ’ é\_l_zg'gﬂ] |

BEETIIR #HEXI
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£¢z;&P<z>uo=§ Z~N(0,1)

| _ml-§(Za)—?,§(Za) -2, 2g=3 " (1-3)
| mjzzu, 1—a=0 90 & » ng= =¢ (0. 95)'_'1_,645 '
LEESE1 E3HNK o ( NEELRE) o | | |
5&&02N@ﬁmﬁ&ﬁﬁﬁﬂmmﬁﬁ%%ﬁﬁ ﬁ§6 Z KBRS © B
m@%02%%%EMFEEﬁMEﬁ° | S
GBE—HMN s 00 6y 0.6 0 O ZITFE » BEEBEARS o EARREFIE
FR#fER : N=100;n=5,10, 30; 623 =13 61, =100 ,'25 ,430=0°,10°,
5°, 000 | | o |

EHEESR
%K%ﬁ(i*%ﬂﬁ@uﬁiz ~ﬁ@ﬁﬁ%0mN—NmﬁEﬁ@)

6y 0 om 0°=0f 10°=0,17% 1= 0798 90°=1,57%%
5 0.0004 01837 0.779 1,577
100 10 040025 - 0.1682 0.7908 1.570
30 —0,0003 0.1753 0,7883 - 1,570
5 0.0035 '  0.1662 0,7855 1,569
25 10  —0,0088  0,1674 0,7915 1.574
30 0.0058 0.1691 0.7873 1.567
5 0.0100 00617 0.5836 1.614
4 10 . 0,0382  0.1403 0.7381 1.539

30 —0.0035 10,1583 0,7920 1.563
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B R
611 n (%52&%) 0° 10° 45° 90°
5 0.0020 0,0030 0.,0026 0.0048  0.0037
100 10 0.0010 0.0011  0.0014 0.0011 0.0017
30  0.0003 0.0003 0.0004 0.0005 0.0004
5 0.0087 10,0155  0,0124 0,0123  0.0165
25 10 0.0043 0.0087 0.0070  0.0063  0.0061
30 0.0015  0.0010 0,0014 0.0018  0.0015
5 0.0889 0.1027  0.1059 ., 0.4390  0.1203
4 10 ' 0.0444 0.0524- 0.0626 0.1233  0.0535
30 0.0148 0.0141 0.0198 0.0178  0.0132

tiE (BREIROZEEEZHER)

————

611 n 0° =07 10°=0.17/ 45° =0, 79 90°=1,57 &
5 0.081 1.807 —0.830 0.952
100 10 0,742 —1.696 1.680 —0.238
30 —0.153 0.382 1.401 —0,148
5 0,281 —0.746 0.014 —0.131
25 10 —0,939 —0.850 0,774 0.475
30 1.876 —1.428 0.463 —1.039
5 0.312 —3.466** —3.045%* 1,249
4 10 1.669 —1.368 —1.345 —1,369
30 —0.291 —1.153 0.500 —0.642

HE AE 5% 1.9 *
: a 1% 2,63 b
P(ltay1 > t% ’ n*l):—z-», a=0,05, t0-02'5,99=1.9,9
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e (RERASRNEEREGDERN o EAARENER)

611
H
=
>
5 100
il
T
B
%
i
& 25
7
~$
yil
1t
g_l_
=
4
REE
“6q
100
7N 25
4

n

10
30

10
30

10
30

10
30

10
30

10
30

0° =0

144,333%**
113,137
97.515

176,433**
198,903**
65,377**

114,438
116,721
94,223

0020@5

O .61 7**
0.000
0.002

0,970**
1.648%**
0,000

0.000

- 0,077
- 0,033

10°=0,17 &

125.169*
136,813**
121,385

141,455%*
159 .214%*
98.476

117,946
139,442
132,381

A e

10°=0,17%&

2.170**
0.497%**
0.079

0.200*
0.002
0,012

0.014
0,639**
0,097

WA e

45° =079 &K

232,242%**
102,464
129,914*

140,542**
144,616**
122,391

488 ,926**
274,718**
118,615

90°=1,57%&

181 ,447**
164 ,952%**
104,502

188,523**
139,803 **
105,452

133,984*
119,216
88,276

5% 77.92—124,3 *
1% 70.06—135,8 **

P (‘xz(N) > x’g,N ) =a H a= 0'05 ’ Ax200053100: 124 -34

S

0,054
0.081
0.001

0,037
0.844**
0.001

3.107**
5,152%**
0.003

5% 0.1513
1% 0.3214

0.009
0.000
0.112

1.846**
0.056
0.001

0.024
0.016
0.028

*

* %
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BE+IE #HEXIH
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