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Abstract
The Electronic compass made as a pilot model in this research is comprised of a three axis
magnetic sensor, an accustar clinometer, and a fiber optic gyro sensor. The results confirming
the output character, performance, and the accuracy of the deviation corrects of each sensor
are as follows:

1) As for the output character of the three axis magnetic sensor, the magnetic field showed
a cosine curve on the X axis, a —sine curve on the Y axis, and constant figures on the Z
axis. Therefore, it is assumed that it has sufficient performance as a three axis magnetic
sensor. The horizontal component H and the vertical component V of the terrestrial
magnetism calculated from the output voltage were 33.24T and 23.9514T respectively.

2) When the fiber optic gyro sensor is fixed on the electromotive rotation transformation and
has made a clockwise rotation with the speed of 10/sec, 20/sec, and 30/sec, the
relationship between the output and the rotation angle of the fiber optic gyro sensor
showed proportionally constant values.

3) When the magnetic field was induced with a magnet, the deviation before the correction
was significant at a high of 25. However, the deviation after the correction using Poisson
correction was in the 2 range, significantly lower than before the correction. It was
confirmed that automatic deviation corrects are possible with the electronic compass made
as a pilot model in this research.

Key words : electronic compass(#2}7h#2~), magnetic sensor (X}7)414]), fiber optic gyro sensor
(FArol2AAY), deviation (R}
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t} (ISO, 1993).
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X = Hcosf,m
Y = —H sinfm
Z=YV (1)

Fig. 1. Geometrical relations between geo—
magnetism and ship's magnetism.
MN : Magnetic north, T.N : True north,
C.N : Compass north.
0t : True course, #m : Magnetic course,
Var, © Variation, d : Deviation.
H : Horizontal component of geomagnetic

field.

X1, Y1 ¢ x, v axis component of ship's
magnetic field.

X', Y : x, v axis component of total

magnetic field.
Fh : Horizontal component of ship's
magnetic field.

o714, Ime MY MEoln, Mt R
Bae X' Y, Z'ea o,

X"=aX+bY+cZ+P
Y'=dX+eY+{Z+Q
Z"=gX+hY+kZ+R (2)
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Fig. 2. Analysis of the ship's total magnetic
field in heeling.

Xa =H cosfm = X

Ya = —H sinfm cosa + Z sinea =Y cose
+ Z sina

Za =7 cose + H sinfm sing = Z cosa
- Y sing 4)
ukAd, M7 ERS w2 MRS X, Y.
Z' o gk ol HEK e et gl

X' = X+aX+ (b cose — ¢ sine)Y + (b sina
+ ¢ cosa)Z + P

Y' = Y+dX+(e cose — f sina)Y + (e sine
+f cosa)Z + Q

7' =Z+gX+(h cose — k sine)Y + (h sina
+ K cosa)Z + R (5
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Rizel mvle

X' =H cosfm + aH cosdm — b H sinfm
+cZ + P

Y = —H sinfm + d H sindm — e H sinfm
+1Z + Q

Zl

il

Z+gH cosfm — aH sinfm + kZ + R
(6)

7} "ok A7 MEBE G 6mrt 22 07, 907,
1807, 270" o uf, @RAM N 2] AR =2
7] X'o, X'sn, X'180, X'zroe 42t thS 23t gt

Xo=H+aH+cH+c¢cZ+P
X'9o = -bH +cZ +P

X =-H—-—aH +cZ +P
X'g70 = bH + ¢Z + P

Yo =dH + fH + Q

Yo =-H-eH + {2 +Q
Yieo = —dH - fZ + Q
Yoo =H+eH+ {Z+Q
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Zv=z+gH+kZ +R

Z'g =2 — aH + kZ + R

Zhwo =7 —gH+kZ+R
Z'27()=Z+8H+kZ+R (7)
7} d}.

71, X, Y, Z'o] th§ FURAFE a, b, d,
e, g ht O Hoz 78 & Utk

a=Xo— X —2H /2H

b= X270 — X's0) / 2H

d= (Yo - Yo / 2H

e = (Yo — X'so — 2H) / 2H

g = (2o~ Zw /2H

h = (Z'2 — Z'90) / 2H (8)
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Z'r +

%

Xr=X+aX + (b sing + ¢ cosa)Z + P
Yr =dX + (e sina + f cosa)Z + Q
Zr =7+ gH + (h sine + K cosa)Z + R

9
7} b o474, X = H cosfm, cosdm = O &}
g o), @Rkl MRS 27l
Xr=H+ gH+ (b sine + ¢ cosa)Z + P
Yr =dX + (e sine +{ cosa)Z + Q
Zr =7+ gH+ (h sine + K cosa)Z + R
(10)
7t Hez, R c f ks 083 go] 7 4= ok

c={Xr—Xo) —bZsina} / Z{cosa — 1)
f={r-Yo) —eZsina}t/Z(cosa — 1)
k={Tr~2¢ —hZsine } / Z(cosa — 1)

(11)
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Fig. 3. Three axis Magnetic sensor.
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Table 1. Characteristics of Magnetic sensor (TMS215/115)

- X—-Y2 axis Type 1 axis Type
Characteristics (TMS—215) (TMS—115)

QOutsize (mm) 3.2%23.5%9
Weight (g) 2.9 typ 2.5 typ
Sensitivity (V/Oe) 3.33
Detecting Magnetic Field range (Qe) *0.6
Output Voltage (V)

at 0 Oe 2.5 typ

at +0.3 Oe +1.0 typ

at —0.3 Oe —1.0 typ
Operation assured Temperature (C) -10~+70

Table 2. Specification of the Accustar Clinometer

Item Specification

Measuring range *60deg.
Resolution 0.01deg.
linearity O to 10 deg. *0.1deg.

10 to 45 deg. 1%
Reproducibility *0.05deg.
Time Constant 0.3sec.
Frequency resolution (—3db) 0.5Hz
Operation Temperature range  —40TC ~ +65T

Fig. 4. Fiber optic Gyro.
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Table 3. Specification of the Fiber gyro (JG— 106)

Item Specification
QOutsize (mm) less than 125X125X%35mm
Weight (g) less than 500g
Power and voltage *12v
Resolution more than 0,02° /s

Maximum angular velocity
Scale Factor (K)
Operation assured Temperature

more than £100° /s
50mV/° /s*+10%
-20C ~ +70TC
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Fig. 5. Scheme of the experimental Electronic
compass.
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Fig. 6. Configuration of the Electronic compass
(a:up b : side).
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Fig. 7. Relation between the flux density and
Rotation angle of the Three axis mag-—
netic sensor.
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Fig. 8. Relation between the rotation angle and
output voltage of the Fiber optic Gyro.
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Fig. 9 Magnetic fields of the magnet at the X
axis (+course).
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Fig. 10 Magnetic fields of the magnet at the
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Fig. 11 Deviation of the magnet at the X axis
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Fig. 12 Deviation of the magnet at the X axis
(— course).
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