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Summary

In modern conditions, the role of information technology for safe navigation is
growing. The article works out a method for calculating the compass error through
the interaction of the MATLAB software environment and the MS Excel software
environment. Modern navigation requires new approaches to solving the problem of
calculating the compass error for celestial bodies. To implement these approaches, the
author developed an algorithm and wrote the code in the above software environment.
The MATLAB software environment allows you to take data from an electronic
astronomical almanac and process it automatically according to the algorithm. Great
importance is attached to the signs of parameters A and B. The program code contains
the conditions for selecting a sign for parameter A by latitude, for parameter B by the
local time angle and declination.

The work used an almanac in the format in MS Excel. Analyzing the almanac,
an algorithm was developed that starts from the winter and summer solstice, that is,
2 declinations, 2 points, from which the direction of the declination graph changes from
growth to descending and vice versa.

The solstice is the moment in time at which the center of the Sun passes either through
the northernmost point of the ecliptic, which has a declination of +23° 27", or through
its southernmost point, which has a declination of -23° 27",

The algorithm uses 5 dates: the solstice of last year, 2 solstices of the year in which
the observation took place, the day of observation and the last day of the year. Data
on the Sun on the day of observation are combined into matrices, from which are then
selected the required value.
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Anomauisn

B cyuacnux ymosax 3pocmac ponv ingpopmayitinux mexnonoeiti 011 be3neunoi Hasi-
eayii. Y cmammi onpaybo8yemuvcsi Memoo po3paxyHKy HONPAGKU KOMRACY uepe3 83d-
emooio npoepamnozo cepedosuya MATLAB ma npoepamnoeo cepedosuusa MS Excel.
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Cyuacna magicayis nompedyc HOBUX Ni0X00i8 00 p038’A3aHHA 3a0adi PO3PAXYHKY
nONpasKu KoMnacy no nebecnum miram. [na peanizayii yux nioxoodie asmopom 6yno
PO3PO0NEHO anzopumm i NPORUCAHO KOO Y 8Ule 3a3HAUEHOM) NPOSPAMHOMY Cepedosi-
wi. IIpoepamne cepedosuue MATLAB 0o3soas€ bpamu 0ami 3 eneKmpoHHO20 ACMpo-
HOMIYHO20 anbMAHAXY i ONpaybosysamu ix 6 AdemMOMaAmMUYHOMY PeXcumi 32i0HO aneo-
pummy. Benuxe 3nauenns npudineno snaxam napamempie A i B. B npoepammnomy kooi
NPONUCAHO YMO8U 8UOOPY 3HAKY OJiA napamempy A 3a wiupomoro, 01 napamvempy B 3a
micyesum yacosum kymom LHA ma cxunennsam DEC.

Y pobomi 6yno euxopucmano anemanax y gpopmami ¢ MS Excel. Ananizyrouu ano-
Mawnax, 6yno po3pobrenHo aneopumm, wjo GIOUMOBXYEMbCs 8I0 3UMOB020 | NIMHbO2O
COHYecmosiiHs, Moomo 2 cxXunenus, 2 mouKu, 8i0 AKUX 3MIHIOEMbC HANPAM 2papixy
CXUNeHHs 8I0 3POCMAHHSA HA CNAOAHHSA | HABNAKU.

Conyecmosinus — momenm uacy, y axuti yenmp Conys npoxooums abo yepe3 Hali-
RIBHIYHIWLY MOYKY eKTINMUKU, Wo mae cxunenns +23° 27’ abo uepes Hatiniedenuiuty it
MOYKY, o mae cxunents -23° 27",

B ancopummi euxopucmosyromscs 5 0am: COHYeCmosHHA MUHYIL020 POKY, 2 COHYec-
MOSIHHSL POKY, 8 AKOMY 8i00ynacs obcepsayis, Oelb obcepsayii i 0OCMAHHI 0eHb POK).
Jani no Conyio 6 denb obcepsayii KOMOIHYIOMbC 6 Mampuyi, 3 AKUX NOMimM eudbupa-
€mbCsl HeoOXiOHe 3HAUEHHS.

Kniouogi cnosa: nonpaska xomnaca, MATLAB, conyecmosints, cXuienHs, cnpas-
arcniii nenene (CII).

Introduction and problem statement

Nautical astronomy (Celestial navigation) as a subject is going through difficult
times, electronic navigation instruments displace the need to use it to determine
the location of the vessel, but according to the Bridge Procedure Guide, the determination
of the correction of the magnetic and gyroscopic compass must be carried out regularly.

It is important to pay attention to the requirements prescribed in the STCW
Convention, in Table A-II/1 [1], and Section B-II/1 for the level of ship operation
and management. These tables summarize the minimum requirements for competence,
which include skills in nautical astronomy.

Determining the compass error by celestial bodies is a standard procedure carried
out by the navigator regularly, in the presence of a cloudless sky. Figure 1 below
shows the algorithm for calculating the true bearing on the star using the MS Excel
and MATLAB environments.

Considering the Earth stationary, the celestial sphere is given a rotation inverse to
the daily rotation (from E to W).

As a result, all the bodies distant from the celestial equator by the magnitude
of the conjugation of & describe the daily parallels. This is the visible movement
of luminaries due to the rotation of the Earth, convenient for presenting the physics
of phenomena and solving problems. During the daily movement, the rapid line zn,
the meridian observing the true horizon remain stationary.

The beginning of the stellar day is taken as the moment of the upper culmination
of the point spring equinox.
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Analysis of recent research and publications

Section B-II/1 for the level of operation and management of the response [1] notes
such requirements for training: correctly adjust sextant for adjustable errors, determine
corrected reading of the sextant altitude of celestial bodies, accurate sight reduction
computation, using a preferred method, calculate the time of meridian altitude of the sun,
calculate latitude by Polaris or by meridian altitude of the sun, accurate plotting
of position line(s) and position fixing, determine time of visible rising/setting sun by
a preferred method, identify and select the most suitable celestial bodies in the twilight
period, determine compass error by azimuth or by amplitude, using a preferred method,
nautical astronomy as required to support the required competence, that required above

Training in celestial navigation may include the use of electronic nautical almanac
and celestial navigation calculation software. [1]

Works of Aleksyshyn V.G., Dolgochub V.T., Belov O.V. [4] and Kudryavtsev V.G.,
Mikhailov V.S. [21-23] are devoted to modern theoretical and practical research in
the field of nautical astronomy. But they do not highlight the possibilities of modern
information technology.

The purpose of the work: to assess the possibilities of interaction between
the software environment MATLAB and MS Excel for calculating the compass error by
celestial bodies.

Tasks:

1. Develop an algorithm for calculating the compass error by the Sun

2. Create a program code for calculating the compass error in MATLAB, which
takes basic values from MS Excel

3. Test the program code by calculation 4 examples

Modern method of calculating the compass error

Development of an algorithm for calculating the correction of a compass for the Sun

Using the explanation of the Norie’s Nautical Table for parameters A, B and C,
the corresponding patterns are analyzed. [2] Figure 1 below shows the algorithm for
calculating TB finding on the star using the MS Excel and MATLAB environment.

Parameter A is determined by latitude and local time angle, respectively, the calculation
formula: A = |tg lat/tg LHA|. Parameter B is determined by declination and local time
angle, respectively, the calculation formula B = [tg DEC/sin LHA|.

And then determine the sign of these parameters by MATLAB function sign().

The program code for calculating the compass error for the Sun in the MATLAB
environment

GMTh=**; m=**; s=*, GMTm=m+s/60; % using Greenwich meridian time

long:***'********; %E/W

OB=***; %0bserved bearing

DAY=xlsread('2022 Nautical Almanac.xlsx','nautical almanac','O10");

MONTH=xlsread('2022 Nautical Almanac.xlsx','nautical almanac','O12');

Today=datetime(2022,MONTH,DAY,GMTh,m,s)

Datel=datetime(2021,12,21,12,0,0); %winter solstice in 2021

Date2=datetime(2022,06,21,12,0,0); %summer solstice in 2022

Date3=datetime(2022,12,21,12,0,0); %winter solstice in 2022

Lastday=datetime(2022,12,31); %lastday in 2022
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START

Given: date, time, DR coordinates,

observed azimuth
A 4

Creation matrices GHA and declination, select appropriate values with regard to the

observation date and the dates of solstice (for declination)
v

\ CALCULATE LHA AND ESTIMATED PARAMETERS \

— v N

if LHA ¢[90:270] C=A+B B=|tg DEC_i/sin LHA|*sign(DEC_i)
A=|tg lat/tg LHA|xsign(lat)
else
CALCULATE Z
A=|tg lat/tg LHA|xsign(-lat)
end = arig ﬁ

C>0?
LHA>180?

No

C<0?
LHA>180?

C<0?
LHA<180?

C>0?
LHA<180?

fourth quarter (NW), TB=360-Z (Az=360-Z), CE=TB-OB

L [ END }

Fig. 1. CE calculation algorithm (declination selection can be simplified
for other celestial bodies)

GHA degreesl=xlsread('2022 Nautical Almanac.xlsx','nautical

almanac','C16:C21";

GHA degrees2=xlsread('2022 Nautical Almanac.xlsx','nautical

almanac','C23:C28");

GHA degrees3=xlsread('2022 Nautical Almanac.xlsx','nautical

almanac','C30:C35");
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GHA degrees4=xlsread('2022 Nautical Almanac.xlsx','"nautical
almanac','C37:C42");

GHA _degrees5=xlIsread('2022 Nautical Almanac.xlsx',nautical almanac','C44");

GHA minutesl=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','D16:D21");

GHA minutes2=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','D23:D28");

GHA minutes3=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','D30:D35");

GHA minutes4=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','D37:D42");

GHA_minutes5=xlIsread('2022 Nautical Almanac.xlsx','nautical almanac','D44");

GHA=[GHA_ degrees1+GHA minutesl./60; GHA degrees2+GHA minutes2./60;
GHA degrees3+GHA minutes3./60; GHA_degrees4+GHA minutes4./60; GHA
degrees5+GHA minutes5./60];

GHA_gt=GHA(GMTh+1,1) %GHA FOR GIVEN TIME

DEC degreesl 6=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','G16");

DEC _degrees7 12=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','G23");

DEC _degrees13 18=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','G30");

DEC degreesl9 24=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','G37");

DEC degrees25=xlsread('2022 Nautical Almanac.xlsx','nautical almanac','G44");

DEC_minutesl=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac',' H16:H21");

DEC minutes2=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac',’H23:H28");

DEC _minutes3=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac','H30:H35");

DEC_minutes4=xlsread('2022 Nautical Almanac.xlsx','nautical
almanac',’H37:H42');

DEC_ minutesS=xlsread('2022 Nautical Almanac.xIsx','nautical almanac','H44");

if Today>Datel && Today<Date2

DEC=[DEC degreesl 6-DEC minutes]1./60; DEC degrees7 12-DEC
minutes2./60; DEC degrees13 18-DEC _minutes3./60; DEC degrees19 24-DEC
minutes4./60; DEC degrees25-DEC_minutes5./60]; % before summer solstice

elseif Today>=Date2 && Today<Date3

DEC=[DEC degreesl 6+DEC minutesl./60; DEC degrees7 12+DEC
minutes2./60; DEC degrees13 18+DEC minutes3./60; DEC degrees19 24+DEC
minutes4./60; DEC_degrees25+DEC_minutes5./60]; % after summer solstice

elseif Today>=Date3 && Today<=Lastday

DEC=[DEC degreesl 6-DEC minutes1./60; DEC degrees7 12-DEC minutes2./60;
DEC degrees13 18-DEC minutes3./60; DEC degrees19 24-DEC minutes4./60; DEC _
degrees25-DEC_minutes5./60]; % after winter solstice

end
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DEC gt=DEC(GMTh+1,1) %DEC for given time (without minutes taking in
account)
dif gha=(GHA(12,1)-GHA(1,1))/11
dif dec=(DEC(25,1)-DEC(1,1))/24
if GHA_gt+dif gha*(GMTm/60)>360 GHA wm=GHA_gt+dif
gha*(GMTm/60)-360
else GHA wm=GHA gt+dif gha*(GMTm/60) %GHA with minutes taking in
account
end
DEC wm=DEC gt+dif dec*(GMTm/60);
DEC i=DEC_wm
if GHA_wm+long>360 LHA=GHA_ wm-+long-360
else LHA=GHA wm-+long %local hour angle calculation
end
if LHA >270
A=abs(tan(lat*pi/180)/tan(LHA *pi/180))*(-sign(lat))
elseif LHA<90
A=abs(tan(lat*pi/180)/tan(LHA*pi/180))*(-sign(lat))
else
A=abs(tan(lat*pi/180)/tan(LHA *pi/180))*sign(lat)
end
B=abs(tan(DEC _i*pi/180)/sin(LHA*pi/180))*sign(DEC 1)
C=A+B
Z=abs(atan(1/(cos(lat*pi/180)*C))*180/pi)
if C>0 && LHA>180 %first quarter
TB=Z
elseif C<0 && LHA>180 %second quarter
TB=180-Z
elseif C<0 && LHA<180 %third quarter
TB=180+Z
elseif C>0 && LHA<180 %fourth quarter
TB=360-Z
end
CE=TB-0OB % compass error
Data is taken from the electronic almanac in MS Excel format (Fig. 2).
Therefore, after taking values from MS Excel MATLAB constructs matrices GHA
and DEC, from which the appropriate values will be selected in CE calculations.
Examples of calculating the compass error by the Sun
Examples that given in this paragraph have same given values, but different date, to
illustrate the changes of Sun declination.
Example 1.
Given:
Today = datetime 21-May-2022 04:30:24 (before summer solstice)
lat=25° N
long=156°E
OB=273°
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C16 - 4
Sun day M aries
GHA ded ination month 12 GHA
n n -
o 1T9 183 =23 68 5 repriiion oorrere of Groemech . ] a0 242
1 1684 100 &7 1 114 2686
k4 208 18 15 (1] 120 2m OHF § wr F 19 21
3 224 184 &3 3 144 38
4 239 181 6.1 4 150 340
5 254 1TH (1] 5 174 36.5
[ PO 175 2 58 8 [ 180 300
T 284 172 55 postion 7| 204 414
8 200 160 5.4 8 | 210 429
9 314 166 52 = 9 | 234 464
10 a8 1a 3 ah Lab 45 450 N 10 240 488
11 244 10 49 LCII'IQ. W0 100 W 1 P4 513
Fig. 2. Nautical Almanac 2022
Solution

GHA gt = 240.8531
DEC gt= 19.8284
GHA_wm = 248.4528
DEC i= 19.8242
LHA = 44.4528

A= -0.4753

B:
C:

0.
0.

5148
0395

Z= 87.9517

TB = 272.0483
CE=-0.9517

Answer: CE =-0.9517°.
Example 2.

Given:

lat =

25°N

long= 156°E

OB=276°

Today = datetime 22-Jun-2022 04:30:24 (after summer solstice)
Solution

GHA gt =239.5090

DEC gt =23.4357

GHA wm = 247.1079

DEC i= 23.4356

LHA = 43.1079

-0

4982
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B= 0.6343
C= 0.1361
Z= 829658
TB =277.0342

Answer: CE=1.0342°

Example 3.

Given:

lat =25°N

long = 156°E
OB=225°

Today = datetime 22-Dec-2022 04:30:24 (after winter solstice)
Solution

GHA_gt =240.4095
DEC gt= -23.4378
GHA_wm = 248.0069
DEC i=-23.4377

A= -0.4828
B= -0.6240
C= -1.1068
Z= 449123
TB =224.9123
CE =-0.0877

Answer: CE =-0.0877°

Example 4.

Given:

lat= 25°N

long= 156°E

Today = datetime 31-Dec-2022 04:30:24 (last day in year)
OB=225°

Solution

GHA gt= 239.3013
DEC gt=-23.4378
GHA wm = 246.8987
DEC i=-23.4377

A= -0.5018
B= -0.6369
C= -1.1387
Z= 44.0974
TB =224.0974
CE =-0.9026

Answer: CE =-0.9026°
According to the test program code is working according to algorithm, without any
problem.
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Conclusions

The algorithm was created in accordance with the Norie’s Nautical Tables. It can
be used for other celestial bodies just by changing the value localization in function
xlsread() and simplified the declination selection procedure.

The program code in MATLAB takes in account summer and winter solstice
and changes of declination sign, also defines the signs of parameters A and B by latitude
sign and declination sign respectively.

In article was explained how to calculate true azimuth (true bearing) according to
the sign of parameter C and LHA value.

Therefore, proposed method of compass error calculation using MATLAB and MS
Excel environments is very effective and can be use in marine practice.
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39.

PexoMenmanmm mo acTpOHAaBUTAIIMOHHOMY OPUEHTHPOBAHUIO TPHU IJia-

BaHUU C MOBPCKJIACHHBIMU TEXHUYCCKUMHU CPEACTBAMH HaBUI'allUKM U Ha

cracatenbHBIX cpeacTBax (Ne 9049). 'YHuO MO, 1983. 54 c.
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