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Development of a LoRaWAN-based Real-time Ocean-current Draft Observation System
using a multi-GPS Triangulation Method Correction Algorithm
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Abstract

Herein, we propose a LoRaWAN-based small draft system that can measure the ocean current flow (speed, direction, and distance)
in real time at the request of the Coast Guard to develop a device that can promptly find survivors at sea. This system has been imple-
mented and verified in the early stages of rescue after maritime vessel accidents, which are frequent. GPS signals often transmit con-
siderable errors, so correction algorithms using the improved triangulation method algorithm are required to accurately indicate the
direction of currents in real time. This paper is structured in the following manner. The introduction section elucidates rescue activities
in the case of a maritime accident. Chapter 2 explains the characteristics and main parameters of the GPS surveying technique and
LoRaWAN communication, which are related studies. It explains and expands on the critical distance error correction algorithm for GPS
signals and its improvement. Chapter 3 discusses the design and analysis of small draft buoys. Chapter 4 presents the testing and val-
idation of the implemented system in both onshore and offshore environments. Finally, Section 5 concludes the study with the expected
impact and effects in the future.
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Fig. 2. Diagram of ocean-current draft observation system.
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Fig. 3. Measurement theory of satellite GPS data.
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double GetGreatCircleDistance (GPS stSrc, GPS stDst)
{
double dSrcLatRad, dSrcLLngRad, dDstLatRad, dDstl.LngRad;
double dNum, dDen, dAns, dDIST;
GPS stGPSDiff;
dSrcLatRad = stSrc.Lat * PI/ 180;
dSrcLngRad = stSrc.Lng * PI/ 180;
dDstLatRad = stDst.Lat * PI / 180;
dDstLngRad = stDst.Lng * PI / 180;
stGPSDiff.Lat = dSrcLatRad — dDstLatRad;
stGPSDiff.Lng = dSrcLLngRad — dDstLLngRad;

dNum = sgrt(pow (cos (dDstLatRad) * sin(dDiffLng), 2.0) +

pow (cos (dSrcLatRad) * sin(dDstLatRad) —

sin(dSrcLatRad) * cos(dDstLatRad) * cos(dDiffLng), 2.0));

dDen = sin(dSrcLatRad) *  sin(dDstLatRad) +
cos(dSrcLatRad) * cos(dDstLatRad) * cos(dDiffLng);

dAns = atan(dNum / dDen);

dDIST = EARTH_RADIUS * dAns;

return dDIST;

}

Fig. 5. Calculation of the multi-GPS triangulation method correction
algorithm.
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Table 1. Minimum required parameters of bitrate and receive sen-

sitivity

Spreading Factor Bitrate(bps) Receive Sensitivity (dBm)
7 5469 -123

8 3125 -126

9 1758 -129

10 977 -132

11 537 -133

12 293 -136

Fig. 6. Multi-GPS ocean current drift observation device embedded

board.
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OnRxDone

RssiValue=—96 dBm, SnrValue=-2
Received Message:

message sent

OnRxDone

RssiValue=—94 dBm, SnrValue=-2
Received Message:
$GPRMC,350601.9"N 1290725.0"E+62
$GPRMC,350601.9"N 1290725.0"Ex62
$GPRMC,350601.9"N 1290725.0"E*62
$GPRMC,350601.9"N 1290725.0"E+62

Fig. 9. Multi-GPS receive data
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