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A compass is a very important device onboard a ship. Using a compass, an
operator is able to determine ship direction correctly, which contributes to
fuel economy and safety. A compass was firstly invented in China during the
reign of the Song dynasty to indicate the direction for travelling in a desert.
Currently, compasses of different types are used for various purposes.
There are satellite, magnetic, electrical, and other compasses. Up-to-data
multifunctional highly reliable compasses are fabricated by Japanese,
Russian, American and other producers. Despite the incredibly large offer
of various compasses, the existing models are unsuitable for small marine
vessels, and in most cases the price is very high. This article describes the
results of research, hardware development and programming for the
Maritime Digital Compass Repeater (MCRC). Algorithms of devices pro-
gramming and actual results of MDCR tests are presented. MDCR design
and tests results revealed that this repeater fully meets the technical
requirements and may be installed and used shipboard. MDCR design is dis-
tinguished with reliability and beauty, stability in operation, simplicity to
install and monitor. MDCR is programmed according to the optimal algo-
rithm with two functions indicating the ship's azimuth and its turning rate.
The research finding can contribute to an increase in the autonomy of
Vietnam in marine technology. The equipment designed and developed is
being implemented onboard many Vietnamese ships. To achieve the goals
of the study, the authors applied both theoretical and empirical methods.
The practical importance of the study is in the possibility to equip small
ships and vessels navigating along internal routes with the designed com-
pass system.
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l. Introduction

A shipboard compass system (CS) consists of three primary
devices: Master compass (MC), Maritime digital compass re-
peater (MDCR), and a gyrocompass repeater (Fig. 1). MDCR is
an important part of the CS [1-4].
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Fig. 1. CS devices connection diagram

In the ship's CS, the MDCR and the gyrocompass repeater
perform the function of vessel navigation. According to the IMO
standards, such important areas onboard a ship, as the engine
control room, the watch-keeping cubicle, the captain’s cabin
shall be equipped with MDCR [5-7]. While MDCR is in opera-
tion, it is firstly, continuously receiving the NMEAQ0183 data
packets [8, 9] from the MC, secondly, processing, and thirdly,
displaying the course and ship turning rate by means of eight
seven-segment LEDs.

1. Designing hardware model for the MDCR

MDCR block diagram is shown in Fig. 2, and its wiring dia-
gram — in Fig. 3.

Power supply
NMEAO0183 signal
from the Mast A !5 v
Compass RS485 to 5V TTL Central _ ::)]lﬁ]:n'}t'_LEl)
Converter processing unit Di%plnv
Brightness
adjustment unit

Fig. 2. The MDCR block diagram

MDCR includes:

Power Supply Unit, the function of which is to convert the 24
VDC power supply to 5 VDC to supply power to all elements of
the device.

Central Processing Unit that collects the NMEAO0183 data from
the MC, processes and exports the ship’s direction and velocity of
rotation to eight seven-segment LEDs. For this device, the author
chose ATMEGA16 microcontroller as the control center.

RS485 to 5V TTL Converter for communicating with the
NMEAO0183 standard, collecting NMEAOQ183 data and convert-
ing it from RS485 to TTL format.

Seven-Segment LED Indicator that is a combination of eight
seven-segment LEDs, that indicate the ship’s direction and its

turning rate.
Brightness adjustment unit consisting of two buttons, (S2)
and (S3), to adjust the brightness of the eight seven-segment
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Fig. 3. MDCR wiring diagram

MDCR primary components are ATMEGA16 microcontrol-
ler [10], eight seven-segment LEDs for displaying the ship’s
azimuth and turning rate, the MAX485 microcircuit [11, 12] for
receiving the NMEAO0183 signals from the MC. NMEAO0183 is a
standard that defines a textual protocol for communication be-
tween and among the equipment that is used either for seagoing
(usually navigational) or in trains [8, 9].

While MDCR is in operation, it is continuously receiving the
NMEAO0183 data packets from the MC, processing them, and
displaying the ship’s direction and turning rate by means of eight
seven-segment LEDs. The mechanical body of MDCR was de-
signed using Autocad and Corel software. To ensure corrosion
resistance, the body had been fabricated from aluminum with an
anti-electrostatic paint finish as per the relevant quality stand-
ards. The MDCR body drawings are shown in Fig. 4. Front view
and results of model designing are shown in Fig. 5. Its primary
parameters are: DC input voltage — from 12 to 36 V; consumed
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direct current — not more than 0.2 A; power consumption — not
more than 4 W; input signal — data packet NMEAQ0183 - in a
standard RS485 format [12]; moisture resistance code — IPX6.

260

206

8|
(3]
o
S R
NN
* 63
120
80
N
o™
[o0]
[o¢]
22
182
514 Al
1 3
§ MODEL: GYR151
() source & ‘
Sj ROT At
% ‘ j\ NO DATA
~
§ HEADING ‘ :gj

RESET - PIMMER + ‘ ESJ

URFU.RU o
O ) Ol
70 S 49

Fig. 4. MDCR body drawings
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Fig. 5. The resulted MDCR design

I1l.  Design of MDCR software

MDCR is programmed using CodeVisionAVR2.05 software
[13]. MDCR algorithm structure is shown in Fig. 6.

3.1. Algorithm of the program for received the MC signal

The NMEAO0183 data packet received from the MC takes the
form of “SHEHDT,XXX. X, T*YY” [8, 9]. The five basic charac-
ters of the form, “XXX.XX”, stand for azimuth values to be dis-
played. The algorithm for NMEA 0183 data receiving includes
such operations as: opening a receiving buffer of a sufficient size
to accommodate the longest array of characters in accordance
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with NMEA 0183 specification for communication standard; the
developed program uses the character array A[i] (i = 0—20);
loading the NMEAO0183 string of characters into a buffer; check-
ing whether the character string in the buffer is a compass signal.

Declare variables, timer1, serial communication port
UART

‘ Receive NMEAO0183 signal from the Master compass ‘

|

‘ NMEAO0183 signal processing ‘

|

‘ Display data on 8 Digit 7-Segment LED Display ‘

|

‘ Adjust brightness for 8 Digit 7-Segment LED Display ‘

End

-

Fig. 6. MDCR algorithm

The receiving buffer is an array of character elements, the
first character of which has index 0. The microcontroller reads
out each input character until it encounters the first “$” character,
at which the microcontroller is placing “$” and the subsequent
characters into the receive buffer, respectively. After loading the
NMEAO0183 signal, the program continues checking the charac-
ter string in the buffer as a compass signal. In this case, the
fourth, fifth and sixth characters “H”, “D”, and “T” in the receiv-
ing buffer are checked in their turn. During testing, after the first
invalid character, the receiving buffer is flushed and reloaded.
The algorithm only ends when the buffer receives the correct
compass signal.

3.2. Algorithm for processing the MC signals

In the algorithm for receiving the NMEAO0183 signal, the
characters in the NMEAOQ183 packet are transferred into the data
array A [i] (i=0—20). Therefore, the information “XXX.X”
about the azimuth is placed in the elements of the array A [i]
(i=7—>11). For example, suppose the NMEAO0183 bulletin re-
ceived from the MC is “$HEHDT,269.1, T*2F”. Then A[7]=2,
A[8]=6, A[9]=9, A[10]=".", A[11]=1.

In the processing program (Fig. 7) of NMEAO0183 data, a real
variable (angle), containing the azimuth value, is declared.

Declare variable (angle) to
contain azimuth value

v

angle= A[7]*1000+A[8]*100+A[9]*10+A[11];
angle=angle/10;

Fig. 7. MC signals processing algorithm




COMMUNICATIONS

If there is data from the MC, the algorithm executes 2 commands:
angle = A[7]*1000+A[8]*100+A[9]*10+A[11], Q)
angle=angle/10 (2)

After executing these two commands, the value of the varia-
ble (angle) will contain the azimuth obtained from the MC.

3.3. Algorithm for displaying azimuth by four seven-
segment LEDs

This algorithm (Fig. 8) first declares an integer-type variable
K and uses a timer to set the scan time of the seven-segment
LEDs. When a timer interrupt occurs, the K variable is incre-
mented by 1.

—_— .
- Tum on LED1 | |
- Export data in hundreds
- Turn on LED2 ||

k=1 - Export data in dozens
.

- Turn on LED3
- Export data in unit row

- Turn on LED4

- Export data decimal

Fig. 8. Algorithm for displaying azimuth by four seven-segment LEDs

When the algorithm is started, the timer is activated. It starts
counting from the time that was set at timer start. When the timer
is full, the feeding of the seven-segment LED starts and at the
same time the corresponding data is displayed. Wherein:

— fK =1, then LED1 turns on and displays hundreds of de-
grees;

— fK =2, then LED2 turns on and displays tens of degrees;

— f K =3, then LED3 turns on and displays amounts of de-
grees;

— f K = 4, then LED4 turns on and displays the decimal
number after the decimal point.

The scan time for each 7-segment LED is 0.5ms, and the total
scan time for the four 7-segment LEDs is 2ms. This is a short
period of time sufficient for comfortable observation with the
human eye.

3.4. Algorithm for controlling brightness of seven-segment
LEDs

The brightness adjustment (Fig. 9) of the seven-segment
LED:s is carried out by two buttons (BUTON-) and (BUTTON+).
Using timer 1, we create an algorithm to adjust the brightness of
a seven-segment LED by changing its scan time. The brightness
control algorithm declares the use of two variable quantities,
(Brightness) and (Count). The (Brightness) variable represents
light intensity, while the (Count) is used to adjust brightness.
When the algorithm starts, the (Brightness) variable value is as-
signed a quantity of 15 (corresponding to the maximum bright-

ness level). Let the Brightness gradually increase from 0 to 15.
At the same time, the condition (Count <Brightness) is checked,
and if it is satisfied, this value is further increased. But when
Brightness = 15, then all 15 LED cycles are on. This achieves the
maximum brightness of the LEDs.

Press “BUTTON-“ to decrease brightness (Brightness) by
one magnitude. For example, let Brightness = 7, when Count = 7,
the LED is off. Then, on the next interrupts of the Timerl the
power cycles from 8 to 15 are not turned on, and the diode is
powered for only the first 7 cycles. Note: LEDs must not be
completely dark, so the Brightness level is limited from below:
31to 15.

Yes

‘ Brightness= Brightness + 1 |

Yes

Yes
Brightness<]5

No

Brighmess=15

‘ Brighiness= Brighmess — | ‘

BUTTON+=0

Yes
Yes
BUTTON-=0 Brightness=3
No No

Brightness=3

No
Couni< Brighiness

Yes
Tumn off Led Tum on LED

Fig. 9. Algorithm for controlling brightness of seven-segment LEDs
3.5. Algorithm for calculating the ship’s turn rate

MDCR is also designed to display the ship’s angular velocity
with four seven-segment LEDs. The algorithm for calculating the
ship’s turning rate is shown in Fig. 10. To perform this calcula-
tion, one needs in using two NMEAOQ183 data packets from the
MC at two consecutive points of time. The first algorithm waits
for processing until the first NMEAQ0183 data packet is received.
Upon receipt of the first NMEA1083 packet, the microcontroller
calculates the first azimuth value (A). Upon the receipt of the
second NMEAO0183 data packet, azimuth (B) for the second point
of time is calculated.

The packet transmission cycle of MC is 200ms. After calcu-
lating the second angle, the algorithm calculates the variation
(increment) (K) of the azimuth and calculates the turning rate of
the ship o= (K/200) 1000 degrees/sec. The found valuew is dis-
played on four seven-segment LEDs.
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received the first
NMEADIRY data packet

Calculate azimuth angle {4) for the first
NMEADIS3 data packet

received the second
NMEADN] 83 data packet

Calculate azimuth angle (8) for the sccond
NMEADIE3 data packet

l

arimuth deviation calculation

K=abs(4 — B)

l

Calculate the rotation speed of ships
ar= (KF200)* 1000 degreesisec

|

- Display & on four 7-segment LEDs
-Reset K A8 =0;

Fig. 10. Algorithm for calculating the ship’s turn rate

V. MDCR test results

To carry out the test, MDCR is connected with a USB-RS485
converter to a computer on which software (Fig. 11b), able to gener-
ate a compass signal in NMEAQ183 format and transmit it to dis-
playing devices is installed. The connection diagram of the comput-
er and the test devices is shown in Fig. 11a.

L.

PC

“onveter USB-RS485
- 0(2‘““ USB-RS485

n RS485 interface
T T LI

MDCR

(‘Dnlrnl box

Azimuth value la]-ie;-lu the
display device

- B6a

Fig. 11. Scheme of computer-MDCR connection (a),
Software interface for MDCR testing (b)
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The results of the displaying devices test presented in Table. 1
show that the displaying devices were designed in the full compli-
ance with the technical standards and may be used on ships: the
azimuth values displayed by the device and by the computer have
slight deviations.

Table 1
Test results of displaying devices
PC based | The value shown Inaccuracy, Inaccuracy
indicator, | on the indicator degrees estimation
degrees device, degrees
0.0 0.1 0.1 good
128.5 128.5 0.0 good
250.1 250.2 0.1 good
338.4 338.3 0.1 good
Conclusion

The MDCR is beautiful and reliable by its design, stabile to
operate, simple to install and monitor, and negligible by its error
range (less than 0.1 degrees). The results of this study have made
a tangible contribution to meeting the needs of Vietnamese ship-
board equipment.
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AHHOTauuA

KoMnac — o4eHb BaxxHOe YCTPOWCTBO Ha kopabne. C NMOMOLLbIO KOMMaca OrnepaTop MOXET OMNpefenuTh NpaBUbHOE HarpaBieHWe CyHa, YTo
CrnocobCTByeT SKOHOMUM TOMNMBA U Be3onacHocTy. KoMnac Briepeble 6bin n3o6petér B Kntae npu guHactun CyH, AnA yKasaHWsA Hanpasie-
HUA ABWKEHUA NO MyCcTbIHAM. B HacToslllee BpeMsA pasnuyHble TUMbI KOMMNACOB MPUMEHAIOTCA B pasHbix Lenax. CylllecTByloT Takue KoMmach!
KaK: 1IeKTPUYECKMIA, CMTYTHUKOBBIM, MarHUTHbIM KoMnac 1 Ap. CoBpeMeHHble MHOrOMYHKLIMOHa bHbIE KOMMACh C BbICOKOW HaZi@KHOCTbIO Bbl-
nyckatoT npoussogutenu us Anoxuu, Poceun, CLLIA n gp. HecMoTpa Ha Hanuuve, HeBepoATHO Gorblioro BbiGopa cpean KOMMAcoB, Cyllie-
CTBYIOLLME YCTPOMCTBA HE MOAXOAAT ANA HEOOMbLUMX CYZIOB, U UX LieHa B GOJbLUEHCTBE Cly4aeB ABMIACTCA O4eHb BeCOMON. B faHHo cTatbe
OMUCBIBAIOTCA pe3ynbTaTbl UCCIIEA0BAHMA, Pa3paboTKu 06OPYAOBaHMA U MPOrPaMMUPOBaHUA [J1A MOPCKOTO LidPOBOro peTpaHCIATOpa-KOM-
naca (MLIPK). lNpeacTtaBneHbl anroputMbl NpOrpaMMMUpOBaHnsA YCTPOMCTB U dakTuyeckue pesynbratbl ucnbitanin MLIPK. OcHoBbiBasick Ha
pesynbTatax paspabotku u TectuposaHua MLPK, 6bino o6Hapy»eHO, YTO OH MOJIHOCTLIO COOTBETCTBYET TEXHUYECKUM TpebOoBaHUAM U MO-
XKET BbITb YCTAHOBJIEH U UCNONb30oBaH Ha cyaax. MLIPK otnnyaetca HafieXXHOCTbIO M KpacoToil Au3aiiHa, YCTOMUYMBOCTbIO paboThl, yA06CT-
BOM YCTaHOBKM M Habntogerua. MLIPK nporpamMmupyeTcsa no ontuManbHOMy aniroputMy ¢ AByMA OYHKLMAMM ANA yKa3aHWA asuMyTa U CKOpO-
CTW BpallieHWA Kopabns. PesynbTaTbl nccieoBaHUA MOTyT CMOCOGCTBOBATh yBENMHYEHUIO aBTOHOMHOCTM BbeTHaMa B MOPCKUX TEXHONMOrUAX.
PaspaboTtaHHoe obopyoBaHWe BHeAPAETCA Ha MHOTMX BbETHAMCKUX cyfax. [ina AocTuxKeHWUA Lienm paboTbl, aBTOpaMu ObiiiM MCMOMNb30BaHsbI
[iBa MeTo/la: TEOPETUYECKMIA U SMMMPUIECKUii. [pakTuyeckas 3Ha4YMMOCTb UCCIIEOBaHNA 3aKITHO4AETCA B BOSMOXXHOCTU OCHaLLleHUA paspabo-
TaHHOW KOMMACHOMN CUCTEMOM ANA HEOOMbLUMX CYOB U CyAOB, MIaBalOLMX MO BHYTPEHHWUM MapLUpyTaM.

Knioyeeblie croea: komnac-macmep, mMopckol uugposoli pempaHcnamop-komnac, penumep eupokomnaca, asumym, danHbie NMEAO[83,
npozpammHoe obecneyeHue, MexxdyHapoOHAsA MOPCKAA 0Op2aHU3AUU.
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