
Raspberry Pi navigation on the open seas

 Ready to  
 Come About!

Thanks to the avNav free software, the Raspberry Pi becomes a 

control center for electronics on a yacht. By Martin Loschwitz

The Raspberry Pi (Rasp Pi) plus a television has served as an en-
ergy-saving multimedia center [1] and an excellent low-cost 
navigational device [2] for a small cruising yacht on inland wa-
terways. Recently, I acquired a larger boat (Figure 1) capable of 

sailing open seas. Although the “Einstein” is equipped with GPS, an 
echo sounder, and speedometer, she is missing a contemporary chart-
plotter, which is quite an expensive device, and has an old, defective 
radio. The radio antenna at the top of the mast, however, is intact 
and still works perfectly.

Because of the positive experiences I had already had with the 
Rasp Pi on a sailboat, I had no doubts that the small computer 
could play a central role on an ocean-going boat. In addition to 
price considerations, I found a reference to a project on a sailing 
forum that perfectly fulfilled the requirements for creating my own 
chartplotter – avNav.

Rasp pi ahoy!
Andreas Vogel has been developing the avNav software for several 

years. The avNav Python server collects data from instruments on 
board a boat (e.g., GPS, echo sounder, speedometer), prepares the 
data, and makes it available over the on-board network. The data 
can then be passed on to navigational apps that are available for 
iOS or Android systems, or the captain can call the avNav web 
server from a browser to display the data using a JavaScript plugin 
that comes with avNav.

Vogel has placed avNav under an open license and offers the 
program on GitHub for downloading [3], and he made available 
easy-to-install images based on Raspbian.

Basically, everything seemed easy. The various measuring in-
struments transmit their data to the Rasp Pi that is running avNav. 
The little computer collects all of the metrics, prepares them, and 

as a last step offers the browser compatible navigational software. Le
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Unfortunately, theory and practice veer apart 
sharply at this point. In practice, it quickly 
became clear that the description “easy” was 
not applicable.

Data souRces
For a navigation system to work properly on 
a sport boat, the system has to receive mea-
surements from various instruments. The 
most important of these instruments have 
already been mentioned. The navigational 
system retrieves information on location, 
speed over ground (SOG), and the current 
course via GPS. The speedometer answers 
questions about speed over the water 
(SOW) and makes it possible to determine 
the difference between perceived and actual 
speed. Thanks to the echo sounder, the nav-
igational system knows where the water is 
too shallow for the safe transit of the boat in 
question.

Out on the high seas, a radio becomes the 
best way to request assistance in the case of 
an emergency, so the lack of a functioning 
radio is problematic. Most higher end ra-
dios have an integrated Automatic Identifi-
cation System (AIS) receiver. Both small 

and large boats transmit data via FM radio 
about their boat, the route traveled, and the 
current position. A navigational system 
uses this information to identify other 
boats, their distance, and whether the dan-
ger of a collision exists. If so, the system 
will typically give off both a visual and 
audio warning.

Therefore, an FM radio is an essential 
piece of equipment, serving as an AIS tran-
sponder and an emergency contact system 
for an additional measure of safety. Ulti-
mately, I selected a B&G V50 for the “Ein-
stein.” This radio works on inland water-
ways with the Automatic Transmitter Identi-
fication System (ATIS), which is used to 
identify signals emitted on inland water-
ways using a 10-digit ATIS code assigned to 
each boat.

ATIS is not permitted on the ocean, but the 
new radio also works at sea with Digital Se-
lective Calling (DSC) and an integrated AIS 
receiver. The manual for the device indicates 
that it can output data via the NMEA 0183 
standard, which is an important feature I ad-
dress later (Figure 2).

Although it was clear which devices 
would output met-
rics data, it was not 
clear how the data 
would end up on the 
Rasp Pi. The Rasp Pi 
has four USB con-
nections, one Ether-
net port, an HDMI 
connection, and a 
micro-USB jack for 
providing power.

None of the de-
vices on board, not 
even the radio that 
had yet to be pur-
chased, would be 
able to communicate 
directly with the 
Rasp Pi, because 
nautical devices do 
not output data via 
USB connections. In-
stead this is done pri-
marily via serial in-
terfaces. To get a bet-
ter understanding of 
the situation, I 
started the process of 
studying the two pro-
tocol standards for 
nautical electronics 
on a boat.Figure 1: The boat, christened “Einstein,” is a 1981 Dehler Duetta 86AS.
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communications easier. For example, the 
newer standard has its own type of con-
nector, by which all existing devices on a 
boat can be daisy-chained together. The 
result is a large contiguous network that 
can be tapped into at any point to access 
all available data. The catch, however, is 
that the protocol is proprietary and there-
fore cannot be used with open source ap-
plications.

Additionally, all of the larger manufac-
turers of nautical electronics have devel-
oped their products on the basis of either 
NMEA 0183 or NMEA 2000. This is a prob-
lem with respect to the “Einstein” echo 
sounder, which speaks “Seatalk,” a propri-
etary version of NMEA 0183. Therefore, the 
data cannot be captured over the RS232 

pRotocols
By 1980 it had become clear that electrical 
devices on board a boat had to be able to 
communicate with each other in some way. 
The NMEA 0183 standard was developed as 
the first protocol of its kind, describing fun-
damental standards for the process by which 
existing devices exchange information with 
one another. However, NMEA 0183 has major 
weaknesses. For example, the specifications 
do not prescribe how the devices make the 
information available. The RS232 serial pro-
tocol is the preferred choice, wherein wire 
pairs from each device are connected to 
D-Sub nine-pin connectors, from which data 
can flow unimpeded.

NMEA 2000 is the successor standard to 
NMEA 0183, with improvements to make 

Figure 2: The manual for the radio clearly states that the device outputs data via the NMEA 0183 standard 

(source: B&G V50 manual).
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protocol, requiring an adapter for devices 
compatible with either standard.

avNav as a Data ceNteR
So how can it be that this menagerie of de-
vices works properly in combination with a 
Raspberry Pi and avNav? The good news 

comes first. The NMEA 0183 protocol is still 
used for data output on many of the devices. 
The integrated GPS likewise offers a wire 
pair for NMEA 0183. The radio that was se-
lected does the same. The speedometer also 
communicates data via NMEA 0183. There-
fore, the data can be rerouted to a Rasp Pi 

Figure 3: The setup for the first on-board test.

Figure 4: avNav comes from the manufacturer ready to use as a boat navigational system thanks to a web application. Here it is shown on the Dahme 

River in Berlin.
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This is a clever arrangement. If the captain 
sends out an SOS via DSC, the radio will 
then recognize the current location of the 
boat and simultaneously send this informa-
tion with the alarm. The sea rescuers will 
then know where they need to go. The data 
from the GPS is also supposed to go to the 
Rasp Pi. In the end, a Wago clamp solved 
the problem. By means of a Y-type assem-
bly, a cable supplies a wire pair from the 
GPS to the radio and another cable goes to 
the Rasp Pi.

Theoretically, it is sufficient to solder the 
wires for the on-board metrics devices di-
rectly to a D-Sub nine-pin connector bar. For 
everyday use, however, a housing for the 
connectors should be used in addition to the 
connector bar. This creates integrated cable 
strain relief. Technically speaking, this is not 
a major factor. However the housing does 
protect the solder on the D-Sub connections 
from breaking if boating conditions become 
rough.

To determine whether the connection was 
successful, I issued the terminal multiplexer 
screen command,

$ screen ‑L /dev/ttyUSB0 38400

with a D-Sub connector and a USB adapter 
for serial interfaces.

A costly NMEA 0183 bridge would other-
wise be necessary for connecting multiple 
compatible devices. Ordinarily such a 
bridge comes with an integrated serial USB 
adapter for sending data to a computer, but 
it would cost at least 10 times as much as 
the present solution. In the end, it was nec-
essary to purchase a Seatalk-to-NMEA 0183 
bridge for the echo sounder because the 
Rasp Pi with avNav simply does not under-
stand Seatalk.

The radio also has special needs. It out-
puts AIS data but speaks RS422, another 
serial protocol, rather than RS232, which 
also can be connected to the Rasp Pi by 
means of a D-Sub nine-pin and serial-to-
USB adapter. However, the wire assign-
ment is different from the RS232. As a re-
sult, it is a good idea to be careful when 
soldering; otherwise, the Rasp Pi could re-
ceive mixed signals or no signal at all on 
the serial interface.

An additional consideration unique to the 
radio has to do with GPS. The NMEA 0183 
wires leading from the GPS are supposed to 
connect the GPS directly with the radio. 

Figure 5: Mobile Atlas Creator converts maps into a format that avNav can understand.
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exist; therefore, opening it involves a rather 
clumsy hack in the form of a captured DNS re-
quest. This approach works well, with practi-
cally no need for any further configuration.

Once the on-board devices have been con-
nected via serial USB converters to the Rasp 
Pi, avNav immediately displays relevant in-
formation in the web interface, such as the 
current GPS location and available AIS data. 
By the way, it is noteworthy that a series of 
configurable parameters for serial communi-
cation is conducted via RS232 or RS422 for 
things like the port speed. Vogel has taught 
avNav to figure out port parameters through 
trial and error. Therefore, from the captain’s 
point of view, plugging in the corresponding 
devices is usually sufficient; avNav automati-
cally takes care of the rest.

Map coNteNt
The quality of a self-built navigation system 
depends entirely on the quality of the maps 
used. Various governmental agencies offer 
maps for inland waterways, and the situation 
is even better for coastlines along the Atlan-
tic Ocean and the Baltic Sea, where I would 
be sailing. In addition to OpenSeaMap maps 
[7], the Federal Maritime and Hydrographic 
Ministry of Germany (BSH) also offers mate-
rial in the form of vector maps that can be 
downloaded from the BSH server.

However, avNav expects maps with a spe-
cific format, namely the Osmdroid GEMF for-
mat. In a show of generous good will, Vogel 
has posted a description of preparing maps for 
avNav on his website [8]. (Although his web-
site is in German, the README file is written 
in English.) He suggests using the program 
Mobile Atlas Creator [9] (Figure 5), which can 
export suitable map packages for avNav. He 
has even made data with prepared map 
sources available for this program, making it 

which lets screen eavesdrop on the first port 
of the serial-to-USB converter at a speed of 
38,400bps.

shoRt auDitioN
The results of the first test were very posi-
tive; avNav received AIS data, and the radio 
knew the position of the boat. Therefore, 
data transmission via RS232 and the USB-to-
serial adapter worked well (Figure 3).

After installing cables on board, four 
D-Sub connectors hung from a swallow’s 
nest, including GPS from a Furuno GP32, 
AIS from the radio, speed information from 
the speedometer, and depth indicators from 
the echo sounder. To avoid taking over all of 
the USB connectors on the Rasp Pi with on-
board electronics, I decided to use an 
adapter to lead four serial connectors to one 
USB port [4]. Afterward, it was time to con-
figure the Rasp Pi, which turned out to be 
easy because of the preparatory work per-
formed by Vogel.

ReaDyiNg the Rasp pi
As mentioned earlier, Vogel has put some 
ready-to-use images of avNav on his website 
[5]. All I needed was a computer with an SD 
card reader and a Rasp Pi with an SD card of 
at least 32GB. The navigational charts go on 
this card later, so it has to have enough 
space. Install the avNav image on the SD 
card as usual [6]; then, insert the card into 
the Rasp Pi.

The system is preconfigured. Once con-
nected, a Raspberry Pi 3 (RPi3) immediately 
makes its own WiFi capability available via 
the integrated WiFi interface to display de-
vices, such as a tablet or smartphone. When 
the devices are connected, the user can imme-
diately open the address https:// avnav.avnav.
de (Figure 4). This address does not actually 

Figure 6: Given a slow server, it may take quite a while to set up the avNav maps.
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appear in avNav with the new label. A click 
on Atlas | Create Atlas ends the process.

If the map servers are not the fastest, creat-
ing an atlas can take several hours depending 
on the amount of material involved (Figure 6). 
Once the process is complete, a file appears 
in the atlases/ folder in the main folder with 
a name that ends in .geml. You should copy 
the file to the /data/avnav/charts/ folder on 
the Rasp Pi.

Restarting avNav ends configuration. 
When the web interface is reopened, you will 
see that the maps just prepared are available 
for selection. If the boat is located in an area 
covered by the map, you immediately see 
your correct location.

Difficulties
After I had demonstrated that the map navi-
gation worked on a tablet with a Rasp Pi web 
application, unforeseen problems arose. I 
had to find a way to tie down a smartphone 
or tablet on board in the event of rough seas. 
Also, whatever device was used had to be 
protected from water damage caused by 
splashing and waves.

I used an iPad Air 2 as the navigational de-
vice. A short search using the keywords 
“iPad” and “boat” quickly brought a solution 
to light. Armor-X [10] offers water repellent 
iPad covers and suitable brackets. One of the 
brackets was even originally designed for 
mounting on the handrails of a boat.

The end result of the search efforts was an 
iPad Air 2 that had been packed into a water-
repellent cover and mounted on the control 
column, making it impervious to rough seas 
and wind (Figure 7).

outlook
One positive indicator for the future is that 
Vogel does not consider avNav complete. 
When asked about the feature wish list in a 
sailing forum, he regularly requests addi-
tional input from users. A good example of 
his approach is found on the topic of wind 
measurement. Modern plotters can use wind 
information for navigation when it is cap-
tured by a wind measuring device.

Wind data indicates current wind direc-
tion, which is of course important for ma-
neuvers such as turning and jibing. It can 
also indicate how a captain should navi-
gate to reach a target location in the most 
efficient manner possible. When sailing, 
the issue is to find the route currently per-
mitted by prevailing winds instead of 
choosing a route simply because it is the 
one desired.

possible for Mobile Atlas Creator to download 
the BHS vector maps.

Mobile Atlas Creator is a Java application 
that runs without problem on the usual oper-
ation systems. Before starting the program 
for the first time, you should also download 
the directory with map sources from Vogel’s 
website and copy them to the mapsources/ 
folder. This folder is created when you install 
Mobile Atlas Creator.

Once started, the program asks for the tar-
get format for exporting maps, and you 
should select the format from the Osmdroid 
GEMF list. The list of map sources is found at 
the upper left of the main application win-
dow. BSH OpenSeaMap 2014 Extended com-
bines maps from BSH with those from Open-
SeaMap and is well suited for the German 
coastline.

Using Mobile Atlas Creator can be some-
what tricky. The program distinguishes be-
tween zoom and scroll mode. The arrow keys 
on the keyboard are suitable for operating in 
both modes, but other functions are available 
depending on the mode. Zoom mode lets you 
enlarge or reduce the size of the section of a 
map currently displayed in the map window. 
However, you have to scroll before finding the 
area for display. A simple click on the map is 
all that is needed to switch between modes.

The program is tricky primarily because 
the mouse cursor cannot be used for scroll-
ing. Instead, the cursor is only used in the 
map window to define the area that Mobile 
Atlas Creator is to export as a map.

settiNg up  
a Map
As soon as you have se-
lected the correct area 
from a map, it is time to 
click to the left on Zoom 
Levels to choose the level 
of detail at which the map 
is displayed on the boat. 
Zoom levels 10 to 16 repre-
sent a good compromise 
between map content and 
an exact display.

Once a suitable area of 
the map has been selected 
and the zoom level is 
specified, you only need 
to left-click on Add selec-
tion to save. At this point, 
you should also change 
the name of the map with 
a right click on Unnamed 
atlas. The map will then 

Figure 7: A bracket secures the iPad in place while it carries 

out its duties.
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The topic of wind measurement and dis-
play is still not part of avNav. However, 
Vogel has explained that the feature has 
been placed on the wish list and he needs 
help from users who have a wind measur-
ing device on board. Therefore, as soon as 
he finds a good test candidate, he will ad-
dress the topic more thoroughly. Further 
development of avNav is ongoing in other 

areas, too. As I submitted this article for 
print, Vogel had announced to the sailing 
forum that he had recently reworked the 
visual interface for avNav and was looking 
for feedback.

In closing, avNav offers a perfect example of 
the possibilities that open source software has 
created. Hopefully, Vogel will want to work on 
his program for a long time to come.  ● ● ●
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