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Miscalculation in Astronomical Navigation

Yasuaki Takaki, Shigekatsu NAKANE, and Masaji Gopa

One of the main causes for the error of LOP by astronomical navigation is miscalculation.
The authors investigated the percentage of the occurrence of miscalculation and the steps
of such miscalculation. The subjects of this study were the cadets of the trainning ship
Nagasaki-maru, consisting of 11 juniors (A class) and 7 postgraduate students (B class) of
Faculty of Fisheries, Nagasaki University. The data were obtained from their practice note
of astronomical navigation on their trainning cruise from August to October in 1974.

As the result, although there are some differences between the two classes and by the
observed celestial spheres, sun and stars, the average percentage of their miscalculation was
unexpectedly as high as 40~50%, and considerable discrepancies were noted among
individuals in the same class. More than about 60% of miscalculation occurred in the step
of altitude calculation where the nautical astronomical table is used frequently.

Generally, they showed a tendency to try only to reduce the time of calculation and to
neglect its exactness.
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Table 1. Differences between individually calculated values by hand and computer in the

sun sight
N Altitude Azimuth
ame
N+ 0~01 02 03 04 05 08 L0500 020 10~
A class a 39 436 2.6 0.0 2.6 0.0 26 128 359 |66.7 154 17.9
b 4 410 11.4 4.5 2.3 2.3 6.3 227 91 |52.3 11.3 36.4
c 49 53,1 10.2 2.0 2.0 0.0 20 163 14.3 |57.1 327 10.2
d 49 69.4 6.1 2.0 0.0 0.0 4.1 16.3 2.0 |73.4 18.5 8.1
e 52 46.2 115 5.8 1.9 7.7 3.8 115 11,5 50,0 25.0 25.0
f 59 71.2 10.2 1.7 3.4 0.0 1.7 6.8 5.1 67.8 22,0 10.2
g 31 67.7 9.7 0.0 0.0 3.2 0.0 65 12,9 |71.0 194 9.6
h 35 31.4 20.0 0.0 5.7 2.9 29 229 143 (486 143 37.1
i 52 53.8 3.8 5.8 3.8 0.0 7.7 15.4 9.6 55.8 19.2 36.6
j 51 529 11.8 7.8 2.0 0.0 5.9 9.8 9.8 64.7 19.6 157
k 35 285 8.6 2.9 5.7 2.9 86 11.4 315 |45.7 200 34.3
Total 496 52.0 9.5 3.2 2.6 1.6 4.2 13.7 13.1 59.9 20.1 20.0
B class o 28 T1.4 7.1 3.6 0.0 0.0 14.3 0.0 3.6 67.9 7.1 250
P 23 47.8 4.3 0.0 13.0 0.0 00 174 174 65.2 17.3 17.5
q 31 45.3 6.3 6.5 3.2 0.0 3.2 25.8 97 |64.5 12,9 22,6
r 16 68.8 0.0 18.8 0.0 0.0 0.0 00 124 |625 125 25.0
s 68 66,2 5.9 7.4 1.5 0.0 7.4 5.9 59,|75.0 14,7 10.3
t 29 55.2 6.9 3.4 0.0 0.0 69 13.8 13.8 |86.2 6.9 6.9
u 24 62,5 0.0 4.2 4.2 4.2 0.0 20.8 4.2 |50.0 20.8 29.2
Total 219 60.2 5.0 5.9 2.7 2.7 55 11.4 8.7 |69.4 13.2 17.3

* N : number of calculation
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Table 2. Differences between individually calculated values by hand and computer in the

star sight
N Altitude Azimuth
ame
N¥ 0~0.1 02 03 04 05 Oﬁ&91o;0 5.1~ awmlozab 1.0~
A class a 49 327 61 41 61 00 20 41 449 |61.2 12.2 26.6
b 45 286 22 66 66 00 44 155 354 |489 11.0 40.1
c 53 585 3.8 75 19 38 75 57 113 |75.5 11.4 13.1
d 51 569 137 39 20 00 20 11.8 98 /8.3 39 98
e 48 438 21 21 83 00 6.3 146 229 |43.7 168 39.6
£ 40 85 50 00 00 00 00 00 125 |77.5 100 125
g 42 643 71 48 24 24 24 24 143 |68.0 11.9 20.1
h 34 677 59 00 29 00 29 88 11.8 |794 2.9 17.7
i 56 518 125 18 00 18 18 7.1 233 |643 3.6 321
i 53 6.0 57 19 38 00 57 113 57 |8.1 57 11.2
k 57 3.8 53 35 7.0 53 53 70 208 |49.1 19.4 315
Total | 528 527 64 34 38 13 38 81 24 |66.7 101 232
B class o 57 68.4 1.8 3.5 1.8 1.8 3.5 10.5 8.8 |82.4 8.8 8.8
p 45 333 11.1 44 22 00 00 175 311 |57.8 17.8 24.4
q 4 478 68 23 00 00 45 13.6 250 |54.6 13.6 31.8
r 34 648 59 59 29 00 29 59 117 |79.4 58 14.8
s 35 600 114 57 29 00 00 86 117 |[8.0 00 20.2
t 56 447 36 1.8 00 18 7.1 16.1 250 |64.3 19.7 16.0
u 30 467 00 33 33 100 100 200 6.7 |70.0 6.6 23.4
Total | 301 52.1 56 3.7 17 1.7 40 133 17.9 |69.4 11.2 19.3

* N : number of calculation
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Fig. 1. Rate of miscalculation in each step of calculation by class KGOBEITIIHIr A
M. H : Miscalculation of hour angle EOBE ) SEEHEDEA

M. Alt : Miscalculation of altitude
M .Az : Miscalculation of azimuth
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Table 3. Rate of miscalculation in each step of calculation

29

Sun Star
Name

N T M MH M Alt M. Az N T M M H M Alt M. Az

A class a 39 66.7 15.4 35.9 15.4 49 65.3 16.3 34.7 14.3
b 44 63.6 26.3 13.6 22.7 . 45 71.1 13.3° 42.2 15.6

c 49 63.2 14.3 20.4 28.6 53 37.7 3.8 20.8 13.2

d 49 34.7 6.1 16.3 12.2 51 27.5 7.8 17.6 2.0

e 52 61.5 13.5 13.5 34.6 48 64.6 29.0 25.0 20.8

f 59 42.3 8.5 5.1 28.8 40 22.5 2.5 10.0 10.0

g 31 41.9 6.5 12.9 22.6 42 35.7 7.1 11.9 16.7

h 35 71.4 25.0 17.1 31.4 34 32.4 11.8 11.8 8.8

i 52 558 19.2 9.6 25.9 56 46.4 16,1 19.7 107

j 51 47.1 13.7 11.8 21.6 53 35.8 9.4 13.2 13.2

k 35 77.1 22.9 28.6 25.7 57 66.7 21.1 21.1 24.6

Total 496 55.8 15.1 15.9 24.8 528 46.8 11.9 21.0 13.8

B class o 28 46.4 3.6 14.3 28.5 57 31.6 8.8 15.8 7.0

p 23 43 .4 13.0 21.7 8.7 45 57.8 33.3 15.6 8.9

q 31 48.4 12.9 25.8 9.7 44 65.9 15.9 27.2 22.7

r 16 37.5 6.3 6.3 25.0 34 29 .4 17.6 2.9 8.8

] 68 35.3 10.3 .8 16.2 35 37.1 8.6 11.4 17.1

Total 166 41.0 9.6 14.5 16.9 215 44 .7 16.7 15.3 12.6

N : number of calculation M. H : miscalculation of hour angle M. Az : miscalculation

T. M : total miscalculation

M. Alt :

miscalculation of altitude

of azimuth
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Fromato Naga;i;(kaikalta Dyé‘kaslitnagapohe smggl';gllaesaki Total
A class| N 339 327 358 1024
sun+starE 195 180 149 524
B class| N 147 98 136 381
sun4star|m,C 73 a3 as 164

Fig. 2. Rate of miscalculation by class and by the term of cruise
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