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Abstract

This paper concerns the applications of the Kalman filter to navigation and the develment
of computer programs of the navigational calculations. Methods to apply the Kalman filter to
celestial fix, fix by cross bearing and cocked hat are proposed, and numerical simulations
under various noise conditions are conducted. The accuracy of the optimal positions obtained
by the Kalman {ilter is compared with that of the fixed positions by radial error method.

In the case of celestial fix, an algorithm to estimate the optimal pcsiticns by using the
lincar Kalman filter is presented. The optimal positons by the Kalman filter are compared
with the running fixes and with the most probable positions obtained from a single line of
position, It is confirmed that the results of the proposed method are more accurate than the
others.

In practica! piloting, bearings are generally measured intermittently ana the measurement
process is nonlinear. [t is, therefore, difficult for us to apply the Kalman filter to {ix by
cross bearing. In order to be used in such an unfavorable case, the extended Kalman filter is
revised and the applicability of the revised extended Kalman filter is checked by numerical
simulation under various noise conditions.

In a cocked hat, an inside or outside fix is dependent only upon azimuth spread, if the
error of each line of position is assumed to be equal both in magnitude and sign. A new
technique of selecting a ship’s position between an inside fix and an outside fix in a cocked
hat by using fix determinant derived from the equation of threc lines of position is also
presented. The relations among the optimal position by Kalman filter, incentre (or excentre)
and random error centtre of the cocked hat are discussed theoretically and the accuracy of the

optimal position is compared with that of the others by numerical simulation,
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Nomenclature

In this paper,

1) Matrices are expressed by capital letters of English or Grezk alphabet.

2) Vectors are expressed by small Godic letters of English alphabet.

3) The point which minimizes the sum of square of the distance to each side
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of a cocked hat is disignated as random error centre.

3X2 observation matrix.

Altitude difference at the time k¢.

Altitude difference error.

3%3 observation matrix.

3-dimensional row vector.

Shin’s course.

Distance between true position and excentre of a cocked hat.
Distance between true position and incentre of a cocked hat.
Distance between incentre (or excentre) and random error centre of a
cocked hat.

Error of the fixed position.

Error of the estimated position by Kalman filter.

Distance between true position and random error centre of a cocked hat.
Systematic error.

Distance from incentre (or excentre) to each side of a cocked hat.
Initial value of 4.

Expected value operator.

3-dimensional column vector whose each element is 1.
2-dimensional column vector whose each element is 1),

Vector function.

Filter gain matrix in Kalman filter.

Vector function.

2x 3 observation matrix.

mXn observation matrix at the kth sampling time.

Altitude of a celestial body.
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3-dimensional observation column vector at ith time.

nXxn identity matrix.

Sampling number.

Inversed matrix of H,.

oe/ay (Z21).

2X 3 matrix.

Covariance matrix of *X.

Covariance matrix of X,.

P10

Covariance matrix of x,.

Covariance matrix of p,.

Covariance matrix of p,.

Covariance matrix of X(Z|j).

(ATA) 1 A%e, 2-dimensional vector.

Maximum likelihood estimate of x.

Coordinate vector of the incentre (or excentre) of a cocked hat.
Coordinate vector of the intersection of two position lines.
Coordinate vector of the random error centre of a cocked hat.
Covariance matrix of w.

Element of Q.

Covariance matrix of r.

Radius of probable circle, radial error.

Radius of 95% probable circle, 95% radial error.
Covariance matrix of r,.

Measurement noise vector composed of ry, 73, 7.
Equivalent noise vector.

Measurement noise contained in kth celestial fix.
Measurement noise vector contained in kth observation.
Measurement noise vector transformed to state vector.

Measurement noise of velocity at the time %¢.

Measurement noise of the bearing &, B of the objects respectively.

Distance between true position and DRP(or AP) in nautical miles.
Sampling time interval.

3
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at t/n.

u; Disturbance noise vector at the time 74f.
Uy Beam directional velocity noise.

Up;i Fore and aft directional velocity noise.
Vo Initial velocity.

Vi Velocity at the time At.

vy Measured velocity at the time kf.

w, 3-dimensional disturbance noise vector.
w(k)  n-dimensional disturbance noise vector at the time &¢.
X DRP’s east-west-position error in nautical miles.

X1, X; Coordinate of latitude or longitude corresponding to oy and o respectively.

x Difference of longitude between true position and DRP.

x State vector composed of x, ¥y or x, ¥, d.

%o Initial value of x..

X, Initial value of x.

%o Estimate of x,.

X, Estimate of x,.

Xy 3-dimensional column vector composed of p; and d..

X Difference of longitude between DRP and the incentre (or excentre) of

a cocked hat.

X The transition of state vector caused by the disturbance noise vector
until the time 126(<¢).

X)) Optimal estimate of x(¢) by using the measurements up to the time jt
(<.

X5 Difference of longitude between true position and DRP at the time X¢.

x(k) n-dimensional state vector at the time ktf.

x(ct, 3) Difference of longitude between true position and DRP computed by
using «, and B,.

X, The transition of state vector caused by the disturbance noise vector
during sampling time.

x, Difference of longitude between DRP and the random error centre of
a cocked hat.

Y DRP’s north-south-position error in nautical miles.
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Y Difference of latitude between true position and DRP.
Yo Initial value of y,.
¥ Difference of latitude between DRP and the incentre (or excentre) of

a cocked hat.
e Difference of latitude between true position and DRP at the time k¢.
gy m-dimensional measurement vector when the measurement noise is 0.

(e, @) Difference of latitudé betweern true pesition and DRP computed by using

a, and B

¥, Difference of latitude between DRP and the random error centre of a
cocked hat.

2, Computed zenith distance of a celestial body.

2 Altitude difference obtained by #th observation.

2(%) m-dimensional measurement vector.

2o Observed zenith distance of a celestial body.

z,(k)  Measurement vector transiormed to the state vecter.

oy, B Observed bearing of the cbject at the time ¢ respectively.

K| Fix determinant.

e Total error contained in %4th observation.

0o Difference of azimuth between the two celestial bodies, which is less
than =.

b4 Difference of azimuth between the two celestial bodies except ..

0, Azimuth of the celestial body at the time kt.

46 Azimuth error.

hY DR longitude.

o Initial DR longitude.

e Estimated longitude.

PN DR longitude at the time &f.

oo Standard deviation of the error of x, and 3.

a1, oz The smaller is designated oy and the larger is designated o3 of o, and ay.

o, Standard deviation of the error of a,.
T Standard deviation of u,,.
o4, Standard deviation of the error of d,.
Th Standard deviation of u,,.
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o, Standard deviaticn of the random errcr centsined in altitude difference.
o, Standaord deviatien of velocity errcr.
o, Standard deviation of the error of v.,.

o, o, Standard deviation of longitude and latitude error of estimated(or fixed)
position respectively.

s o5, Stenderd deviation of %o and ¥, respectively.

Oy 0y Covariance cf o, and oy, respectively.

o, o3 Standard deviation of the errer of a, and 8, respectively.

0, nXn transition matrix.

¢ DR latitude.

@ Initial DR latitude.

@, Estimated latitude.

P DR latitude at the time k¢.
] Optimal estimate of .

Vr The angle of intersection formed by two position lines.
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=0.5kn, 1.0kn, 1.5kn, 2.0in

ar=0s=0.015kn, 0.030kn, 0.045%n

t=0.5Chour), 4¢{=0.005Chour)

DLbsl e oo, =2.2kn, oy =0"005 spof viL S wlgel sbni 3670 B
vl ol 2 A '?‘O?r ¥fetel FUUFIel GIRGMUMQCETN S BIME O d il g
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feest AT RO 5 el $LE Degolvl Sbi, oy =000, 075, 17.0 4%
A 7k Bl k=448 247%] Dyisy Dogy Di®] SFEIHIE ebrdl Table 2-16) Jigich

Zizt ik 80
Toble 2-1e) fkstel 2k Uiz #opa |
Fr7E o el Hmel b BURS) R o
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gk, sl -
Fig. 230 WREOURE K k=i |
ol 247 A el & RERe] slol M MERBIESl oot
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Table 2-1. Comparison of the mean value of Dy, Dnpp and Dy,

measurement |disturb-|initial | mean value of mean value of , mean value of
__error ance error | Dy, Dypp
No. on& oy ‘ Tdo Tao Tag Tao a9 Tdo %40 | a0 | Yo
T4 o, & oy

(kn) (kn) %00 0’5 1170 0’0 10’5 110 0.0 1 0’5 | 1.0

]
1 0’5 0.5 0.015, 1.0 2.17| 2.23] 2.48 1.12; 1 18‘ 1.44; 0.52] 0.62{0.73
2 17.0 1.0 ” ” 4.37y 4.33] 4.47) 1.83; 1,84, 1.99] 0.84] 0.93/1.08
3 1.5 1.5 ” on 6.56] 6.49; 6.53; 2.58 2.56| 2.63] 1.06] 1.14!1.34
4 2’0 2.0 ” 8.74| 8.66| 8.66, 3.32; 3.30; 3.331 1.25 1.30}1.51
5 0’5 0.5 0.030 " 2,18 2.25| 2.50; 1.18 1.23] 1.49] 0.56] 0.65 0.74
6 0 1.0 ” ” 4.35 4.33] 4.47; 1.89] 1.89 2.02| 0.92] 0.98 1.11
7 1’5 1.5 ” ” 6.53] 6.48] 6.531 2.64] 2.61] 2.67) 1.17} 1.221.39
8 2’0 2.0 4 ” 8.74| 8.66] 8.65| 3.3 3.34| 3.38 1.41] 1.43 1.60
[e] 0’5 0.5 0.045 ” 2,20 2.27| 2.52 1.23{ 1.28 1.53| 0.59 0.67/0.76
10 170 1.0 ” ” 4,35 4.34| 4.48 1.95 1.95 2.15 0.96] 1.021 1,12
11 175 1.5 ” ” ‘ 6.53| 6.48| 6.54] 2.71] 2.67] 2.73] 1.26( 1.301.43
12 2/.0 2.0 ” » | 8.71 8.64 8.64i 3.44| 3.41] 3.43] 1.52] 1.53/1.68
13 0.5 0.5 0.015] 3.0 ‘ 2.17) 2.23| 2.48 2.89 2.94| 3.07| 0.61] 0.80]0.84
14 17,0 1.0 ” » 1 4.,36] 4.3 4.47° 3.52{ 3.53] 3.62] 1.000 1.16/ 1,27
15 1.5 1.5 ” " i 6.56/ 6.50] 6.54| 4.26| 4.19] 4.23| 1.36| 1.52|1.67
16 2’0 2.0 ” ” 8.75/ 8.68 8.66] 4.89 4.87 4.90, 1.66/ 1.81i1.98
17 0.5 0.5 0.030 ” 2.18| 2.25 2.49 2.951 2.99] 3.12] 0.65 0.85 0.83
18 1.0 1.0 ” ” 4.36] 4.33 4.47\ 3.58} 3.59| 3.67] 1.05 1.20 1.29
19 1.5 1.5 " ” 6.53; 6.47] 6.53 4.16] 4.24] 4.28/ 1.44| 1.56| 1.67
20 2’0 2.0 ” ” 8.74 8.67| 8.66 4.94j 4.92| 4,95 1.76] 1.85 1.98
21 0.5 0.5 0.045 ”n 2,19 2,27 2.52| 3.00{ 3.04] 3.17[ 0.70] 0.89/0.92
20| 170 1.0 ” ” 4.35 4.34] 4.48 3.62| 3.64| 3.7 1.11] 1.25/1.33
23 1’5 1.5 " ” 6.53 6.48; 6 54[ 4.27) 4.29| 4.33] 1.51} 1.63/1.73
24 20 2.0 ” 8.71 8,641 8 65‘$ 5.01] 4.97) 5.00| 1.86 1.94|2.05
25 0’5 0.5 0.015 5.0 2.17| 2.24! 2,490 4.72] 4.76| 4.85 0.68 0.900.97

{

I
26 1.0 1.0 ” » 4.351 4.32| 4.47) 5.31 5.33 5.40, 1.12 1.33/1.51
27 1’5 1.5 ” ” 6.541 6.47| 6.511 5.94| 5.94/ 5,99 1.47| 1.64/1.87
28 2.0 2.0 4 4 8.75| 8.68 8.67‘ 6.631 6.59| 6.61] 1.82] 1.94]2.17
29 0’5 0.5 0.030 ” 2.19] 2.26| 2.50; 4.77| 4.81| 4.20| 0.73] 0.95 1.01
30 17,0 1.0 ” ” 4.35| 4.34 4.47i 5.37| 5.39{ 5.45 1.15 1.36/1.51
31 15 1.5 ” ” 6.53 6.47) 6.53 6.00[ 6.00| 6.04] 1.51} 1.65 1.84
32 2’0 2.0 " ” 8.71) 8.63 8.62 6.65 6.63] 6.67{ 1.87] 1.96/2.15
33 0.5 0.5 0.045 ” 2,191 2.27| 2.51 4.83] 4.87] 4,95 0.79 0.99 1.07
34 17,0 1.0 ” ” 4.35 4.3 4.48; 5.42) 5.44| 5.51| 1.20] 1.40]1.55
35 1.5 1.5 ” ” 6.53| 6.48 6.54; 6.06] 6.05| 6.10 1.57, 1.72;1.88

|
36 2'.0 2.0 ” ” 8.70, 8.63 8.64i 6.74) 6.70| 6.72f 1.95 2.052.20

|

REBRE Aol el Zzfae]l AL KRkl A RRBIAES Rkl Mire] K HRsl e
Ro g WA Table 2-1.% ol & A4 KEstx glrh  wheld vhel Kol KT B
BHNEESE Rt HiBde H— E#Hdq 4 REUVES 8HE + gdelx 44
A,

Fig. 2-43%-¥] Fig. 2-117}x] Table 2-1o #iR3F 3671=) 558 7H-&d 8-1x sl
Bl & Wz ko BE Diad Fif, Dd BBOR st AE® ool =Hiel
28 Aot

Ol EZYH & + 3= KM TAMM TRt BRERUNAEY FERS M#ds

gL[o
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Fig. 2-4. Errors of the estimated position
by Kalman filter(D,,;) and the run-
ning fix by sun sight(D,.,).
(02=0".5, 0,=0.5kn, os=0,=0.015kn,
Txy=0yy=1/,0).
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Fig. 2-6. Errors of the estimated position

by Kalman filter(Dy,;) and the run-
ning fix by sun sight(Dy;,).

(0,=2'. 0,0,=2.0kn, oy=0,=0.015kn,
Trg=0y=17.0).
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Fig. 2-5. Errors of the cstimated position
by Kalman filter(Ds;) and the run-
ning fix by sun sight/ D).
(0,=1".0, a'vz‘l.(,"kn, op=0o,=0,015kn,
Try= oy =17.0),
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Fig. 2-7. Errors of the estimated position
by Kalman filter(Dy,,) and the run-
ning fix by sun sight(Dj;,).
(0a=1".0, 0,=1.0kn, op=0s=0.030kn,
Tro=0y,=1/.0).
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Fig. 2-8. Errors of the estimated position
by Kalman filter(Dy,;) and the run-
ning fix by sun sight(Ds;).
(0,=1'.0, 0,=1.0kn, op=0,=0.045kn,
Tr=a3,=17.0).
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Fig. 2-10. Errors of the estimated position
by Kalman filter(D,,;) and the run-
ning fix by sun sight(Dy;.).

(0,=1'.0, o,=1.0kn, ¢y=04=0.030kn,
Try=0y,=5".0).
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Fig. 2-9. Errors of the estimated position
by Kalman filter(Dy,;) and the run-
ning fix by sun sight(Dsix).

(06,=2".0, ¢,=2.0kn, o,=0,=0.015kn,
Gy =ay,=5.0).
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Fig. 2-11. Errors of the estimated position
by Kalman filter(Dyar) and the run-
ning fix by sun sight(Dy;,).
(0,=2".0, 0,=2.0kn, o,=03=0.045kn,

Oro=0y,=5".0).
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Fig. 2-12. Errors of the estimated position by Fig.2-13. Errors of the estimated position by

Kalman filter(Dyar) and the runn- Kalman filter(Dyar) and the runn-
ing fix by sun sight(Ds;,). ing fix by sun sight(Dy;,).

(64=1'.0, 0,=1.0kn, op=0,=0.030kn, (a,=1’.0, ¢,=1.0kn, op=0,=0.030kn,
d=2'.0, 04g=0".5, oz=0,,=1".0). d=2'.0, 04,=1'.0, 0x=0y,=1.70).
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Dyt 2 #BH el A —ud g 2he el e Belth

Fig. 2-4, Fig. 2-5, Fig. 2-6& A& J#ste] vl Ui & BpES & 4
et & WEEERES A det Dt B AR Dwrd 2 #300) gl
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g ER: A £ 4 5T ¢ 5 Uk
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MY HEHE oy 7t 29 FFE 22 Digol AXAR 1 XRE fuhebeh
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d
D= dix(F=1); f’ (k=D Jxi-ty s06-118-1)

H*:d[k(lf)ig’?[x@)]”‘“ 201 £-1)
aeivh el A0 w g (07 JERR Wit xUDor Xk s x(k)9)

EChlk—1)5}e] ZEOL fUNSEL T W g fos) gkfﬁ- RCh—1k—1) 23> 2Cklk—1)°)
Tubel A Toylor fesn BRislel oo TR e hoe] (3 D2 FlEckel JTHY

S & G
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............ (3.7

9. (X)) =g (& (k| k= DI +Hi (X () =X (k| k= 1))
Bk D)3 XGOS Rk s X008t Rkik—D3ke) £ PG

weha R

w off b gHEE 7 oolas R fLRel ek

3-2 {EIE FE4REY LD BEO| K
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Blzb flshel el zb obulnl g 4= lerim mEnbRIngEs -

FE
dE = AR 4 oleh
el GlEel MM As T RIS el an pE o) ki MRl 0T Blwe
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o . FIIIEE - Sl BIEE R b el T REREH 2 el
Fp Ay 2bal s1e] el A
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2t Fw Ta ehsh 28-S s Bedel
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(D W% g.° MR .7 7} 1F7ET )
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aela R H 2 e ey
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=
ks

Elr.(2)])=0
E(r.(Ror T (R)1=E(Muar ()r"(F)M,")
=MRMI=R, oottt G-1D
wtebA zCR) AR 2 (R)7h yleEs 2 RgEE r() Repdl r(tn grtskd i

z, (k) =x(k) +r.(k)

S} zrel #Blslo] gAY Zu} e o) R g3l o] —ifsl BSES )
XRIE—1)=F[RR—11R—1)] +reerarrermriameiiii et ceve s (3:12)
Pik—1D)=@,P(h—11E—=D@T+Q - rerererreeriiinieiiiiiie e (3:13
G,=Pklk—DPRIE—D+RI™L i (314
XD =Xk =D+ G2, — Rk B—1)] vrvreemeeeieeianieniiiiiie (3-15)
PRIR)Y=Pe | h—1)=GyP(h h—1) corrrieiiiieiniie i e (3:16)

28 RE-15)8h RGB16)2 thgah o] &+ ek
XtR)y=U,—Pllk—D{PUlh— 1) +R}" Xk k—1)
+ PRI E—DY(PRE—1)+R)1z,(k)
=R, (Pkik—1D)+RI Rk -1
F PRI~ [Pl E=1) LRI TIZ(E) o erreererernireiniieniiianienan, (317

Pk Y=P(k| k—1)—GP{kik—1)
=P(k|k—1U,—Pk1k—1){P(k|k—1)+R,) 1]
=PRIE—DR(PUe)e—1)+ R oo (3-18)

ksl SR gek Aol A He vk THITF Ao L x(R)—X(kIk—1)0) fshalebed

Gy=P(kyk—1HT[HPCk| k—1)H, T+ R

=Pl 1) [PUIE—1)FRITIH, ™ oo (3:19)
oz ol F K3l fUAsA

(ki) =%k k~1)+PCkik—~1)(P(klk—1)+R,)"" -

H,,“[z(/e)—g,,{ﬁ(klk——l)}] ................................................ (320
2.2 ww g K
H,“[z(k)—g,.{i(klk—l)}] ............................................................ (3.21)

= RED, RE8), RB-1DFe] {kated ch-&3t o] ma & 4 9=},
H (z(R) —gu{X (k1 k—1)))
=H," (g {x(B)} —g (X (k1 k=D } +r ()]
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=x(k)+ry(k)—X(klk—1)

=z,(k)-—53(k[k—l) ..................................................................... (3.22)
X(k|R)=%X(kik—1)+P(k|k—1)[P(klk—1)+R]7" -
[z,(k)-—if(k JR1)] eenenen i (3-23)

T Fikom PRIDE Hshd ohesh 2o,
Pk RY=P(k|k—1)— Pkl k—1)-
(PR h—1)+RITIP(EIE—1) «rrreereeamneermreiiiiianiec e (3:24)
of 7]efl A ThA
Go=P(k|h—1) [Pk E—1)FR™ cororreriemiriiiein i (3-25)
gt Fosl JEBA A=k e o] Ll REG-2DI RG-2H= BIE FHEA ek 2 9
REel R(E3-15), KB 16)3 —HEE & + drh
ulebd] x(R)e} X(k|k) =& x(k)9} (k=109 gt MERIF fi/sbel SR et
Ao} BIE FEUE ek He b —BeHARE L LR 2 eol & S SR 2 A B
FI/AskA ckowd oksleh, chul o] W W 2> oke] fEel Warshed ok ghobi= Hiol =

= r

3-3 {51E FEIREY 29t EE 2| frkole] @R

Fig.3-1e] 4 #k% A, Bzl sta 10 N ! Na
[BE S, §HS Cebw wheh, f
AT Jife gl W5 ko] 9l A ol |
HAE S BB Ol e Ao 4hpie] L(k,'ﬂ,
S &% AQw 90, Bl v, #i#4
WEEEE S(xe ¥e), S vezh 3F3L KA
2e x(k)ye thEab kel rgggtel
XT(R)Y =%y Yy Up) covveereres (3-26)
of o BIE JERE Ak el RE-12)
~XEB-16)& @Hsky B3 HAEHREZ

b2t Areh
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WEZ) kt o] HE2gh x(R)2) HEsEf
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aEln E(Rlk—1DE st RGIDE G@HRst oF =leul o] Bl fiBGER x(A)i
BAel 2 K(2:De Do fksto] chgzb gre] v

[ e—1+ 751 tsinCseco,
Xkik—D= i it + Dy teosC
7

............................................. ('3.29)
S A EQOV\] AT oy Be W ML vl T bl Mg
z(R)eh WRAMIATH] Hy A= vb-23b zhe] FBlslvh
ZT(}C)'—"((X“ B’” vk') ..................................................................... (3.30)

ay=n(er 2m)+tan (v —A)(p1—9.) 7t cos .} +74
=n(or 2z)+tan  {(he—N) (@2 —®.) "L cos .} +7p
v =v,+7,
why (D) My @ X(RIE—=1)el| fkabed RTE #LEsh £
(i) ¢1—~2.<0, ¢2—0. <001 7,
=020, @2~ >00]9 27,
(i) 7ay 78, 7.2 K642 FHEL 0ol EHUEYA) 0w os, op0)H
il e R M Barel EHBLE

LTS

e o0, 0

B 0B 0B g | .
e e O | e (3-31)
0 0 1/

a0,
;;;-«(47. pcos o {(M—A)E cos? @4 (p1—o, )2} !

—2%':(we—¢z)cos P {(va—N)2 cos o+ (03—g,)%} 72

33’ {v—NDeos ge— (M~ (@1—.)sing, } { (v —A.)? cos? .+ (91 —¢,)2) 2

Azgf’: {Qve—2Jcos @ — e ~A) (@2 —@)sin @, ) { (e —\.)? cos? @, + (@2 —@.)?) 7

thioll ary Bi v WEBGE 7o, 78, 7,0 BUEREE K4 0w, o6, ok B S
we o) LA iATH R

ol 0 O
Rl 0 a8 O | e (3-32)
0 0 o2

2 s8] Hy & 3-2¢04 9 e (i) MEstez REG-1De kst RE R 4 gl
gal on, Burb WE=lwl SO WAL Ested R an Sel e st Anl a, B W29
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At & 32404 9] B (D7} ®Wzsteg KGN z(HE Rald v} &3 2}
2T (B ={x(a, B), nlc, B, A T (3.3

2.(et, B)={(M cOS @1 COt Qy— Ny COS @3 COt By+P3—P1)+
(cos @, cot @y —Cos @2 cot By) 7!
(e, B)={(Nicos @1 cot oty—Nz COS @3 COt B+ Pa—P1) COS @; cot Ol )+
(cos @, cot a,—C0s @3 cot 8;)"1—N\; COs @; cot A+
thy e, B), yla, Bz awy BeEN-E KT Xy Fie
— i 2 JREINHEE £ 90 (TERZ] G+ D] sl Al & KB E x002

XTIl v e v e (3.34)
2 FoRrE v BRF (gt o) s ABLAS v MERENAY THAmY A2 Bl
HERG o2 BAd Aolel Aatsted ol BT A% ww izl 31 MEAA HEHE
fehel A ARAFRCR fFRste RAE 47, 2o KB B#EE ‘—lelm ebw BERY 4
Fotel fEAISkE MEL e
(ttas sin C+uy; cos C) 4t seC Py

w;=| (us; cos C+uy; sin C) 4t

Upi

2 FHE T Rl £ F kel nd(n=t/4)9] SRle] ISl ROz M o] F x.olzldd

{n(uz sin C—uyy cos C) 4+ + (spn sin C4-2s, cos C) } 4t sec Pyy
X,= (nCup, cos CHtuys sin C)f-ovenr + (ttn cos C+u,, sin C) } 4t (3-36)
UpyFUpg—eoreerreeermeanen, +up,

olrl x, 8 GHATIH] Q & wain s ©) BERAES &4 0w ol

( g1 d12 13
Q:{ g g2z Qa3
qs1 q3z 933

. - 3 2 R
( 7 + 5 + )At ay?sin? Csec? §,_1+ (%+% +%)4t"’ o2 cos? Csec? P,y
(§+ + = )(m.’ sin? C+o,2 cos? C) 4t? sec?P,_y

q,z_( + +3- (o4 cos? C+a,2 sin? C) 4¢3
Qs3=na*

3 2
q12=qg1= (%—-f—% +g ) (ot +0s*) At sin C cos C secd,.y
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n(n+1)

q13=(s1 = Moy sin Csec Py
(1'232432——‘”(”;1) dtay?cos C
o2 mch oelx dkigE el e i x(0)S) L4 sfTs) P00 shesh Rk
0',0‘ 0 0
POIO= Toyt 0 (3-38)
0 0 a, 2

0

3-4 A|Ra0IM W HES

A A Sl o) el A KiEr 34°40°. 0N, #2Ar 129°05°.0Eq) gl A &) 32°06'. 1N,
R 120°38'.5E9) BHys fisted $hE 250°, iy 15kn2 fifgdcl Mol 305ehct
2Me) iEel HAE: FrsBlsied Mtret @4 HAE WEse o® Tk

ol B Sishel MKl 12f¢ HEMIEE sshel ol v% WKREZ wbFel sbdA U
3t Ao R fEstded ol% HEAEY MuMIFE #% Table 3-1 3 Table 3-29

= EEE e e r.E P 0m AR Eiel EHABE s on Al
Hol el FiEL EHE b Zrh
gry= 0y, =1'.0, 5.0, 10".0
vo=15kn
a,=0.5kn, 1.0kn, 1.5kn
o,,=2.3kn
o»=0.015kn, 0.030 kn
o3;=0.015kn, 0.030kn
t=0.5Chour), 4t=0.005Chour)
oa=0p=1°.0, 2°.0, 3°.0

Table 3-1. Positions of selected objects.

Object NLa. |  ElLong | Object | N Lat E Long.
L, 34°477.0 ‘ 128°49'.9 ( L, 34°16’.0 127°10%.5
L, 34°317.0 128°45’.0 | Lg 34°11%.0 126°537.0
L; 34°367.7 128°347.0 ! L, 34°05’.2 126°367.2
L, 34°367. 4 128°157.0 ‘ L 33°59”. 0 126°107.0
Ls 34°407.0 127°58'.0 Ly ~ 33°55’.0 125°46”.5
Ls | 34°217.0 ' 127°277.0 L. ‘l 33°48.0 125°187.0

—~ 26 —
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Table 3-2. The order and number of measuring of selected objects.

The order of measuring The name of objects Number of measuring
k= 1~3 L., L ,\ 3
k= 4~6 L, L, ' 3
k= 79 L, Ls 3
k=10~12 Ls, L, 3
k=13~15 L, Ls 3
k=16~18 Ly, L 3
k=19~24 Lo, Ln 6
k=25~30 Ly, L 6

BlEelA ¥ uke} 2o] o 04 oay 08 0w a0y F KK IR HBE BRE
sl ol & & ubTe] ZFRA A FE ol A& fTEislEh

2 ORER FKY JERA el 25 FIAsHE maee] BE BE FRE g 24 E
FES Bl Hete =% 2 AL BEAY F Ao #e il #ed mAEREsT
2 ool = HEEMmboT sEsA gsteh

Fig. 3-2& 0y=0,=0.015kn, ca=0s=1°.0, 0,=0.5kn, o, =0, =10".0] 8 B3]
R gk Uelel BE FRE A U2 RS REpL BEVEMSY HEEESE &
BeZl Rt vlohel] chsbe] FHEZ MRS EURT RQAH ol & vehia e

Fig. 3-3~Fig. 3-6& oej7}a] A %ol glold BE FERM 2=l A5 FHs e FHEE
BEMES BB EE(Dw) R XAk &3l el BaoBEMY HEEODFE
Bzl Akt ehelel olsle]  ERI AHelwh  HEmgTs TARKIT HefES B
n2e BEE A9 Hsld AlFHelAdE i 4 gAY WEEFR .9 ZHH
r=vratra/2 8 S RaEER EHstL, T HANERY 2fash 90°9e] xRS
190°—%flo8 3l [EiRst Fig. 3-3, Fig. 3-4°] 79+ Fig. 3-73} o] 5z
Fig. 3-5, Fig. 3-69] 7% Fig. 3-83 zto] Rtk

EEE FUT AL WAL 20 LAWK 8 AUFE Dt AR D
B PBE A gdeche Bolth ol& v R HlEe] AR APl Hak & WIE
AT € + 0 Aot

Fig. 3-9& &%~} Fig. 3-63 72+ giificld vinb ZABKRE Ms] REFT KBGO
20°)= w3t Al Freleld-& 77t Zolvh oldl otd HfudllEmel ZAMKT Fo
HRs HEME BEE Eotrled o dox wk Held K BEMEY BE
Eobxl & HAE walth

gl Ffe] HsET MAEES WEME o, o, % 1.0, 5.0% 10,0 % AsAz
ulFe] Boul 3k SR HEYE MBYH e BEMEA Ao getxon SElel K

ki
A
oy
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Fig. 3-10-2 #{EfF o2 ga=0p=1°.0,
o.=0.5kn, o, =0, =5%0% sla HEL
ARG o oF o % 0.015kn2  <b 5382
Dy, & Bifem donstar Si#ELel
0.030 knel o o] Dy fE8o® %58k A
el eh.
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Fig. 3-3. Errors of the estimated position by
revised extended Kalman filter(Diy
and the fix by cross bearing (Dyis)-
{(0a=04=1°.0, 0,=0. 5kn,
ox=03=0.015kn, oxo=0y,=1".0)

{mi)
50
W0
e
sk
2
&
EXTENDED KALMAN FILTER
10k
[
0,5
F REVISED EXTENDED KALMAN FILTER
(Al g /\/\/\J
OAOS—AAnil111A1|‘AAIL.A|1.A|A1l4L4J
5 10 15 20 5 30
k

Fig. 3-2. Position errors deduced by extended
Kalman filter and revised extended
Kalman filter.
(da=04=1°.0, 0,=0.5kn, ci=0y,=
107.0).
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Fig. 3-4. Errors of the estimated position by
revised extended Kalman filter(Dyar)
and the fix by cross bearing(Dyix).
(O’a=0'ﬂ=1°.0, o,=0.5kn,
oy=0,=0.015kn, og=0y,=5".0).
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Fig. 3-6. Errors of the estimated position by

Fig. 3-5.Errors of the estimated position by
revised extended Kalman filter(Dy.,) revised extended Kalman filter(Dy,).
and the fix by cross bearing(Dy;:). and the fix by cross bearing(Dy;.).
(6a=0,=2°.0 a,=1.0kn, (ca=0,=2°.1, o,=1.0kn,
gr=05=0.015kn, o.,=0y,=17.0). sa=op=0.015kn, ox=0,=5.0).
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Fig. 3-7. Measurement noises and the angles Fig. 3-8. Measurement noises and the angles
of intersection formed by two posi- of intersection formed by two posi-
tion lines in case of the same tion lines in case of the same
condition as Fig. 3-3 & 3-4. condition as Fig. 3-5 & 3-6.
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P
190° -]
877 o A
E, A NN
< R L .v v e
NNV o A0 O T WO T Y O SO N A SO S S VO B B
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k
(mi)
15}

Error

Ercor
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PRI OT ) B T VO AV B WY U BT S S U ST ST B R | 0.05
S 10 15 20 25 30
L3

Fig. 3-9. D, and Dy, in case that the angle Fig. 3-10. Computations of Dy, when ox=
of intersection formed by two posi- 4=0.015kn (dotted line) and o4
tion lines are nearly 90°(90°+20°). =0;=0.030kn(Solid line). Other

conditions are same as Fig. 3-4.

#4F RE-ARA JANML HEH#TE

—fimo2 MRy = BBl 33
ARERE ZRAA MBS R o & 0
BRT Bt @éased dAY =Exe
AR o) AR 8ol = BAEZAT S
o] A xlch 53 KRMEBIT HHE
FIFE mbrikigihiol i H|E=MT 4
gIle] Hold e 2 qRFak Mol fv / 0"' . "
Fms AT Mok ddAe "K
PR g 240 Rl e ' & A
EA e R Kol 558 el MBYE <+ ,
gt el K By KHllY HBF 5
B Bl BE=ARA Zxt FHE HB

_ Fig. 4-1. Cocked hat formed by three

3oy NEE #Hwste FEks B celestial position lines.
Aol o] HEEAIES A, #0 Te BUELMS] WK Y REEET R HE=AE
371 el A BB HFERANA R A= TFXE FIAstY RS fHste Hik %
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Hotol Hgsr 2 ok

Fig. 4-15} 2o] KMo 2 AL 4 fBMe] BEZALE ol Fou& o M) KEE
(5 30, FHHEE 4, BEES WEEET 2, 2 2 BAEEE £ 1, 7 reh 30
8 Kol Rarweh.

vk, 2T=(2y, 22, 23)
r’=(ry, 74 13)
x'=(x, y, d)
( sinficosp; cosfy 1
B= sinf,cosd, cosfy 1
\ sinfscosPs cosfs 1 -
R DellA R 3ol KR¥Me x, ¥, d, 71, 73, 739 6o 2= o] e MKR3
vivh, 28|22 o] F sbd AHMQ My MARTEE 002 3 R Moln of = o M

el R#iER ol Fo A= W F xi2t st o] By vhE3b o] Ach
Xy e B 1z et 4.2
ek, xS =(pi, di)
pI=(xi ¥

(x5, 30 P AL B B0 EE
R(4-2)el A pi= Fig.4-19] #EE=AR] AL v H05 Jebi dis HEZATE
AL me b &i7h=] 2] Hilo] o}
B— d=00jztx 3t R(4-1D8 AEKQ] We BROTEETEA KT Molvh =tely
Ast p & £

{ sing; cosP, cosf )

A=/ sinf, cosd, cosf, ‘
sinf3 cos@s  coSfy } ................................................ (4-3)
pVT:(x" yf)

t{]_” (xn yr):ﬁ'iﬂ?[i’b‘o’] EK@
R EICER 25

L= || 2—APD, |2 coooeeerrrerimir i (4-4)
= RNEA e p Atk o] ek
P,=CATA)TIATZ oot ‘-5
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4-1 2ot 2Eo| RE=AR 2 BA

HAETHBE ol v Al AERS FB= stEl BRrB A 3o Bl
et B8el e =) Ul wBisheh. EAIBRfEC] EMEsh FRpBLIl TSk
zho]l Hgd + d2vt AR fES] ARG FIFHM S0BS ShaA] IEH o o b

(13 @fiigfFol FIEHET HKiE
RN &
XTom (X, Py @) coeveeerneeannien it (4-6)
akh, (WA AR REER
gl 3k BB oz 3RS BUTTHe] s1o {T9RER->- <& zbe] =k

gk, x=x(3)
x,=x(0)

wo=w(D)+w()+w(2) kel #e)
g WA

2o B T e e e e (4-8)
o] =31
E(r)=E(w,)=0
E(rrT)=R ‘ ..................................................................... 49
Elww,”1=Q :

e} sk xo) #Ewf Xe R(Q@-DoeRH ohgm ol HA=T
f=%,+P,BT(BP,B"+R)"'(z—BR,)
P=P,—P,B"(BP,BT+R)"'BP, ] ....................................... (4-10)
Pi=P,+Q
ok, P=P(3|3)c)7] X¢| Ju5r#fT5
P,=P(3[0)elm z% #ll:zsls] piel &) ST
Py=P0|0)o1 ™ x,°| 3t57 #7173
X(4:10) o) X7} WE=ATA oA HAfFe) FERES o Zqk dele] KT B
fr@s =
ey o] MEE A AEKY HEE &% FlAstd #eER AddE FHsiz 8@
BfEe AIERE o Tol & ArEHS izl sl fef@d deiack, old Bstd
EH BHBE fIE B AR EERIIE ol
AL el F AERS 648 DL, PLea 3t o5& vl1&3 o] vebd + girh
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PoLy i 2= RTX(1) A7y sveerrormeeemmnrimnice e (4-1D)
PoLy t 2g=RyTX(2) 4 Fg oveeeereveeeemineetiniit et “-12)
=}, h,7=(sinf;cosp;, cosb;, 1)
(D fri@Es PL& st 558
R(2- D S5 KA
x(2)=x(+wl)
(D)X (D) (1) +orevvrreereraninree e (4-13)
ol ALy =lA FAstw ol F =F B @frdtcle AL RU-1D9 x(1)
fR&re] RA4-13DE RASI: A Zovg
21=hTx(2)+r—hTw(1)
2e=R,TX(2)+7,

N—
~
N
—
S
~

2 b, =&
T=(21, 22), HT'=(h{", h,"),
ri’=[r—kh"wl), )

gl gow N1 vrEa 2ol A £+ Arh

ZImHX(2)EFps  ceroeerrrrrrerretr et e a e e e (4-15)

(2) friEm Pl B 8t 8
BB Pule A MEela ol ohe BMREAR EfstE Aolokd a, sk A%
whesh o] Arh
J 2 ST TG I O P PP (4-16)
PiLy 2 23 RyTx(2) - 7g evvvrereereeanieman ittt ie e e e e e 417D
K(4-1639] x(1) fFo] RN4-13)& RAsIL
raT=0{r, r,—h"w(1))

oletm Fowd The ke Ak

D ) T N o TP (4-18)
LLE (D, (29 & 580l 1A FRBHEE bt Zo] =t
X(2)=X(0) 20 () v eemreeermrreeniee et (4-19

g, w' (0)=w(0)+w(1)
trERO WA#REO) FERSIE A2 T A8l w)rt 00] okt Relz 2 A9k
BE RU-1DA B HEEE KRWU-15)9 X182 R x(28 HEfE rust radl
22 ggomz MEsHA =k 2E W B— wel 0 A #A7#kfEel ERSHE rust raol
ZA 5o] R(4-15)¢)} X(4-18)- ZE Re] =z x(D)Y #Helc MEBRS WeElF
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ol x= BfRale] Zrobalel,

F R REMS dew F ALESS el EMsS MeMlEFe  wet oA
HE ook 4 g vk OB e - BB Ee RS REE wDY 2] R Ay,
he] wlel Pogsich

(2) #fesfre) EHED 518
o] Wl lEe] Al VI ST BEMSY okl (RS MMl BRG] Hemf
£y —ma e, =3 AR w0)=w(D=w()=0 o=z
Qm0, PymP, oot (4-20)
7 sLeh
(1) FEEBE} 00) ol a)
R (4-10)0 2 H-¥]
£=%,+P,BT(BP,B" 4+ R)"(z—B%,)
P=P,— P,BT(BP,B"+R)™'BP,

(2) AFFUEZ 09 =

o] Wi ARELETE Sl HBlols] MRAEN S E ehal sidehd

B st ok 2K HLLTAlel s wol 28] WE Ah Rek

P R0

B 5= Re} P 444 ohea 2] =l
F=%,+P,AT(AP, AT+ R)~1(z— A%,)
P=P,—P,AT(AP,A" + R)1 AP, }

21 mis R4-2409) X7} B =M doiA WA LHEsIA Y 4 MEse
el Baystd & = Zab "ol 2 st fidosh s o) By BESZABY 2ok L
ol =oxo] RIHAHECAE X9} 1 e AT Pooll fkshe] tREsich

HEE Mool B Fimie $20unt s 1 g o] ¥ikelo 2 EHXET AW
AeIA A FIE e BEtEE RU-10) =8 R@-2D3F R4-20)6 fkate] 2HEs =
7 Azl

&

e

4-2 BEIES Ao, B0 R BOECDIS] BAK

(1) AL =x 20o3e BF
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£(4:21)% Bshn e
%=%,+(B'R"B+Py ) BTR}(z—B%)

PP PEBRETARBR, ) (4-25)
2 5e x.o KpETHE Pt sbd K4-2)e 4
o e -3 2 e PP PRI (4-26)
olmz R(4-2)9F R(4-26)% M3ty X(4-25)F A 2" X vhdat 3o Aok
R=(P/ 1 Py ) 1P, i o (P - Py )7 IP 1K vveerevnneneenienncneennae 4.27)

RGIDESH A A KT HELE S WEEEN £, 1 kKT P,
BEffe] kbl mrskol A e xaot 2 FESEATH Peol fsted BugRle A& & 4 vk
fi— RS BT FY MEA s 98 Mol Pooool 2B (42D &%t

oo Xy mmBlz oo eevie et (4-28)

Z o] W #Aw Ul K HEMBE AL EE 0ol S R#EES #EH

b EE oA Aol o) HEET 28 o 7 ATk

=B B 23 @] §thd Roocosk ol K420 ek ol sk
Rom Ry coe e (4:29)

by
&

(2] ®UmEOLAS BK
ARA20E BRI w3} o] v
X=X+ (ATR 1A Py )1 ATR (z— AXy)
P=P,—P,AT(AP,AT+R) ' AP, )
(42D A ro] FHSHY ol xo B AHERE(maximum likelihood estimate)E
petx 3hd
P=(ATRA)ATR 'z }
cov(p)=P,=(ATR'4)"!
2 #EES RWU-30)e RU-3D-E KRAstd @R ohE X& derh
f=(Pg'i+Po'1)’1Pg"1P¢+(P;'1+Po_1)_lpo"£o ................................. (4-32)
o] Wl X %@ p.o 28I o BEY S#el Zvlel wel Rkizse Hel stk
B— ] anESER

ol pt X459 EUEC p3t —BsHA == o497 lEiE] o & FAEEot
23 & = A Pooooold R(4-32)=
X
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ol s} Zxuk Ao K #HEUEe BUREOI} —H3HA Aok

(3] AL =+ 03 BUEO3 BR
M wheh el ZfES AL b H03 EMEIOL HESARC dd4
MALsh 19 BES WAL Sl BiEel Tk rhaol ol 58 MM st} Hxal oz
gk},

ET=(1, 1, 1) vereeemmmeiieeie ettt (4-35)
oleh Fod R-D3 RU-Do= Fy ohF XE dxrh

B=(Aie)

Bl=(Aie) 1= (g) .................................................................. (4-36)

W, bT=(by, b, by), N: 2X37i71
(4 e)(“"b"r'")—Ja
AN+ebT=I,
S N=(ATA)Y TAT (I~ @BT) wvooveevenreieeitinteie sttt (4-37)

(-5 A =T,

b, e=(0, 0)
R (4-2)el 4

olmE Al e BOY 2R p P EZAKY AL Bl B0 Kigd olEw HE
die R(4-2) 3 RU-3DE e vh2-3) o] vebd F gle
pi=Nz=(ATA)1A7(I;—eb")z }
di=b"z ’
2822 AL = #od HOEOT BBRs KU 2 RMU-40)6] kst wg3

2ol =5

Pi=p,—dipa
} ............................................................ (4-41)
wk, pa=(ATA) 1ATe
AL =y #03 BUREROCDS EES Dioleld
Diy=d; || Pall corerereveosseesrnrt s (4:42)
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o2 HHEAW EZAEY #illele part 00 5o oz BUEOE —HIT

4:3 AT Baool $3)

EArEL It REEE &, MEXS yebsla HERY REHE 40 G&R
e Bel BEEY WEM 2 vEsk Zeol Hrh
X SIN B COSPFYCOSOFdmz roererrerrrireat (4+43)
| F A K8 M, My, M2l KRS &K by, 65, 653 St £KS) BEEE 21, 22 2
gt shd b Kol pRazgeh.®®

siny costh 1) (xcose ( 21

sinfy cosf, 1 y =| 2 ] ............................................. (4-44)
\

sinfs; cosf; 1 d ‘23

Rz e Wale] 47 BE=ABY e RU-402 £ 75K #Ketd EL
22 o] & fix determinant®®z} B2 % Fa o] fix determinant®] Iz} AL E
B3] Btk st EEEs] ¥ 2 {hrh

fix determinant® 42 ZRsbd 4% =831 o] =},

sin¢y cos6; 1
4= |sinf; cosb; 1 |=—sin(fs—0;)—sin(f—6)—sin(y—0) - (4-45)
sinf; cosfg 1

A Kpge Kol ol F HArEE Rebd Ao x stz anel Aeh AT 6,—600]
axe}t Dol sl o] E 6y, E 6 LIS EES 7 RO AfrEq 6—6% 62l s
R(4-45)o A 4 ohg3 o] REAH

6 ed 00_04 ----------------------------------------------------- -
4= 4sm—2—sm—2—sm 5 . (4-46)
A, (4-46)) A O<———~§~——~ O<——2- <mo|= & sin—- >0 sm——>0 olm =EFF 0L

IGO 64
2

<wql Bl HEshd 49 Fe v &S 4 7 Ak

D) 0250, 8,08, 0]58 40

i) 0s%0, 0,>0,00w 4ccg b e (4-47)
i) 0,=0, =¥ 6,=0, T Os=60]d 4=0

g3l K47 i)Y HElldlE o= T K#e Fhst ZobxA WEZ=AHe] o] 7o
A g-&E Bwith

R (4-46)001 4

_gaﬁd,=4 sin —%’—sin(—%———ﬁ,) .......................................................... (4-48)
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12 0<6,<2r & BMAR 4k 6oF 2 o lK, k2 A kel % X
(4-46)e) {SASHE KEAM duos. D BN Aot L% 5 SLEF

=0 8in 0 (108 T8Y tri i .
per =2 sin-2~(1—cos 5-) (4-49)
§55] 0= 0017 dnge =0, Gom el R duue =201 B2 dpur7h AshE AL oHE3H 2L
OS Aras. 32 .................................................................................... (4.50)
e =—32 Sinﬁ_(l_*-cos—ao—) ......................................................... (4.51)
i 2 2
:L?jht‘ﬂ Jmin,'?: 000’1] “}E]- 1 %kol E—}E}'zl D"} 6o=-:—%-7l°]:17— 0d=7t+0?0 0E1 “H Amin.'\cf }%IJ\O‘:L
Bt —2.5980] v,
T TG M oo A3
4, Fo =4, % _, 1
o ©r L e (4.52)
Py 7+ g tw od'-r;.—}A — ,(
Nz e b= 8 =t Do) Meled Bl s
2 —
4
ds

BC 18 2100 2600 2100 300° 33
84

8,=120°

Fig. 4-2. Relation between 6, and 4.
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FhSEE o Bl be=a i Ga=nt000] 2L of o d K(4-46)-14

R o) Flieli= F (IEBC] PITSHA sle] BUEZME-X B A cFond fifie
FALER ol 2= HMEL F—g Fozs pugslth

BlEe #RE Plstd Fig.4-29F zbx == 49 bl Mifrs] MR ch&ab 2ol HH
HArh

1) 4<—2sinbol ™ fafie HE=ZAKS ADelch

i)  4>—2sinfbo] ™ Mifiv HE=AES Hoolth

i) 4=0 =& 4=-2sinfo]w BE=ZHL-E- P12 o} Biie SLER |2

R g Bro = Bl

BLEsE zro] Al Kol HEL 01, 0p 0500 kel o] Rl 115K 45 FIAls R
e [Hetd FEZAR Azs W 2 MuE AL =E B0 Y L For it
ZAA7ME e F drh ol F AME @It mEA ek

(BB 1] &) Kgmel Hizsb £4 000°.2, 091°.3, 158°.4¢) 4%

(%] K(4-45)q) fkdke

4=—sin67°.1—sin 91°. 2—sin(—158°. 2)=—1.55
6o=91°.2(<m) 2 ®mxl
—2sinf,=—2. 00

" 4>—2sin b,

—

B2 b = gl

[#ig 2]~ Kegel Jtirr 445 030°.5, 129°.6, 309°.691 $%if

[f#] d=-—sin 180°—sin 99°. 1—sin(—279°. 1)=0
M2 o] Wl BETZAEC 4rNe dout HUBEB ol Bl Mgl Wt
Zhol Mifzol v}

[ 3] Al Kol Hiisb &4 063°.5, 158°.4, 327°.5¢1 5558

(8] 4=—sin169°.1~—sin 94°. 9—sin(—246°.0)=—2. 18

6,=94°. 92}
—2sin 6,=—2.00
s.4<<—2sin 6,

ME Mtz BEZATL RGO
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4-4 AlFu0IM B it

A ol At Bkol #RE B2 BESATC 424 o Ak Yeld KT HELES
RO, B0 EE RUELS BE mE A heshd dehd mEgel slesE
Aldrel ol & st Rz R qel,

Table 4-1. Azimuth adopted in simulation and identification of internal or external

fix by 4.
Case .8 Fix determinant(4) | Inside or outside
1 00G°, 090°, 210° ~—2.366 Inside
2 000°, 120°, 240° —2.598 Inside
3 000°, 150°, 300° —1.866 Inside
4 000°, 030°, 09%0° —0. 366 Outside
5 000°, 060°, 120° —0. 866 Outside
6 000°, 060°, 150° --1,366 Qutside

Table 4-1s] ehd o 473 Sele] Shsbed ) Felol e FFahrl 2 st o vlel FiH

e T 2
or, =0y, =10, 3.0, 5.0
d=0, 1.5, 3.0
o4,=0.15xd

EOERE e TR 000 A Bve EHARS #A6T o EEEE o2
01604 10747 0. Ifo® stFel sAnid REBeys RO, B0, BHE0 2
A Ao KT HEHENA ) Fil Dy Dy D, R Dur AN 1 HIE KK
Bitolr) 2 aeh

AlFelol A8l #5R Table 4-12) 1, 2, 33h o] kst EE=faiel Wigel & 5
ot WMMEEAES ME LN P (=0, =5.0) E& o0] 2wl (o, <0 2ol 3
PR Dt SR S50E B EH Dl BAZ slol 22 Aeo] Kt Hoekr@el
HE O Ehs 7ol MR e,

ool 4, 5, 631 ol Mivh WAL Ml e HWillele 4, 0,8 e
wheh HESH] Scstel Duw D, % Diw®l M-S —WOZ BOET 4 dth ok
R B WA BB ES A (=0, =10t & B FEAL. d=0a]
Aol o0l fuhstel FEZfPol sl AL @ed DuzD=Diel Sk @7t byl



HERALS) MEE S A EY EE e A3 HE 4

5% Di<D,o] st}

sEell dx0q] Aol a0) S Du<Diy o0l € dlele Dw<Dsol sed
ke Ee] Bt e E BREE 20 BMRY Dw<D.E SE @ENT £

% g,

PLES R v R BEEZATA sle]
Aok AR K fEEme BEE
R ERIES) ROl AR 2 oto}
37 2

AFelolde T ki 444 gET
A4 29 HBE WEZABC E=ARo|
5o} D=D,=Dic] H2Z o|& Bt
¥%3] o=, =3.0, d=1.59] & Table
4-12] 1, 3, 4, 5, 69 & KB4 g D,
Du, D, 3 Di: %) BIfF% BEFsH4 Fig.
4-3~Fig. 4-73} zr},

{mi.
2,0

)

Fig. 4-3. D;, D, and Dy, vs o,.

(01=000°, 6,=090°, 6;=210°).

{mi) (mi)
2.0 20 |
R L Dr
1,0 10
§ t Or lé t
& T S T
0,5 0i 05+
- - Dkﬂl
Okal
L a
DGX
01k 01
o L
i ] 1 - | ]
0'05 B i 1 A e 1 i A 0'05 1 j A A S 1 1 1
o1 05 10 01 05 10

Fig. 4 4. D;, D, and Dy, vs o,.
(6:=000°, 6,=150°, f3=300°).

6r

Fig. 4-5. D,;. D' and Dp,,’ VS 0,.

(6:=000°, 6,=030°, 65;=090°).
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{mi.) {mi)
20 L
B Or 20 Or
1,0 L
) E‘ 10[
gt Dey oL
051~ “osk
- 5 - Dex
L kal
- Okql
01 01
F C
0,05 4 1 i 1 L1 L 1 | 0.05 L 1 1 ) i L 1 1 1 {
01 05 10 ' 01 05 10
6r &p
Fig. 4-6. D, D, and Dy vs o, Fig. 4-7. D.:, D, and Dist vs o,.
(8,=000°, 6,=060°, 03=120°). (6;=000°, 6,=060°, 63=150°).
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gtk QAT —BIOE HERMATRC] A ¥k ohel MERiel A
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2 ool it Aok REHEEHEE B Ao o Aol o @AY A
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BEMES BT BRI HEo L HEASRS KA ol BAMNOD #Esx
B RS LLHAERS 954 MK T A4 Rebel WERIIYE vF 2k Leof
et pEAES MBS T Wl BN £ RAMERED 44 HE
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