
Maritime navigation with a Rasp Pi and OpenCPN

 On Course
The Raspberry Pi is ideally suited to serve as the basis for a low-cost 

navigation system. OpenCPN software and a GPS receiver are all you 

need to add. By Martin Loschwitz

also available for purchase for smaller boats. 
The hitch is that a GPS device costs a lot of 
money and map updates add to the financial 
outlay. These costs often scare boaters away. 
Other commercially available navigation de-
vices typically are well outfitted with street 
and highway mappings, but waterways ap-
pear to have been added as an afterthought. 
As a result, the more economical choice of 
using printed nautical maps is still the pre-
ferred method.

This is where the Rasp Pi offers itself as a 
solid foundation for a DIY navigation de-
vice. All you need to do is add a GPS re-
ceiver, the navigation software OpenCPN, 
and corresponding inland waterway maps. 
In this article, I describe how to outfit the 
Rasp Pi with the necessary software and a 
suitable choice of hardware, and I talk 
about where maps may be procured. As a 
bonus, I provide an overview of how the 
setup can be used for other instruments on 
board a boat.

Hardware
The aforementioned multimedia Rasp Pi 
runs OpenELEC with a single remote con-
trol, which is ideal for media tasks, but 
not for navigation; therefore, I decided to 
add a second Rasp Pi for this project. The 
navigation software requires a genuine 
Linux distribution that will permit installa-

tion of additional packages. 
A keyboard and mouse are mandatory; 

however, the space available on board a 
small boat is not big enough for these to be 
practical, especially not a normal-sized 
mouse. Logitech offers an alternative in the 
form of the K400 Plus [2]. Originally de-
signed for use in the living room, this is a 

The previous article in this series [1] 
described using the Raspberry Pi as 
a multimedia center for a boat. In 
this article, I discuss turning the 

nanocomputer into a low-cost maritime navi-
gation system. It is also possible to expand 
this project and deliver GPS data to all parts 
of the boat. Because the Rasp Pi consumes 
minimal amounts of power, it is ideally 
suited for use on private boats and in RVs.

Maritime navigation with electronics 
is not a new idea. Large ships have 

been using GPS devices for a 
long time to determine lo-

cation and plan 
routes. These 

devices 
are 
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combined keyboard and touchpad. It does 
not take up much space, has no loose pieces, 
and is relatively inexpensive.

The Rasp Pi needs a GPS receiver and ac-
cessories to function as a navigational de-
vice. Specialty boating stores carry many dif-
ferent types of GPS antennae that can be as-
sembled for use outside of the boat cabin. 
However, a Linux-compatible indoor GPS an-
tenna suits my purposes just fine. This an-
tenna can be fastened to a cabin window 
with two sided tape or with Velcro. Ulti-
mately, the GPS antenna only needs an un-
obstructed line of sight with an adequate 
number of satellites.

The Navilock NL-402U [3] USB receiver 
(Figure 1) works with Linux without any 
problems. If this is not available in your area, 
a reading of the specs will give you an idea 
of what you should look for. This unit was 
less expensive than the cheapest of the out-
door antenna models.

a raspbian Foundation
I have worked for 12 years on Debian devel-
opment efforts; consequently, Raspbian was 
the only distribution I was willing to con-
sider. A welcome side benefit of this bias is 
that OpenCPN packages are already available 
online for this distribution.

Prepared operating system images are 
available on the Raspbian project website 
[4]. They can be installed easily on a new SD 
card under Linux, Mac OS X, and Windows. 
Because Rasp Pi hardware is identical for all 
versions of the Pi, you don’t have to worry 
about time-consuming hardware configura-
tion. Once Raspbian is installed, the hard-
ware configuration is practically perfect and 
the system is ready for use.

As described in the first part of this series, 
Raspbian has an overlay warning, so it is en-
tirely possible that it produces an image sig-
nal with a blurry picture on the monitor. In 
this case, it is a good idea to avoid using the 
overlay display on the television. The remote 
control for the Grundig model used on my 
boat has a button for turning it off.

The image display should be set for 720p 
instead of 1080p when using OpenCPN (even 
though it is theoretically possible to use the 
1080p), which means you can use OpenCPN 
maps without massive zoom-ins. The setting 
also protects the Rasp Pi GPU, which is not 
very powerful.

setting up tHe gps
After installing Raspbian, it is time to config-
ure the services needed for the DIY naviga-

tional device. The GPS daemon gpsd can be 
used to control the external GPS mouse. It 
connects directly with the serial interface, 
which provides access to the system, and al-
lows incoming connections by OpenCPN. 

The program acts as a connector between 
the two components. To set up the program 
on the computer, you should first install the 
necessary packages:

$ sudo apt‑get install gpsd gpsd‑clients U
                       python‑gps

Then, enter the path for the interface in the 
DEVICES line of the /etc/default/gpsd file. In 
this case, the path for the Navilock NL-402U 
would be /dev/ttyACM0. You should also add 
a ‑b in the GPSD_OPTIONS line. Finally, restart 
with

service gpsd restart

The service now waits for incoming connec-
tions. You can tell whether everything is 
functioning by calling cgps in the command 
line. After connecting the GPS mouse, you 
should wait a few minutes to get a GPS fix. 
The length of the wait will depend on your 
location.

setting up openCpn
OpenCPN stands for Open Source Chart Plot-
ter/ Navigator. The program is released under 
GPLv2 and can be downloaded directly from 
the project homepage [5]. However, Rasp-
bian itself does not offer a package in its re-

Figure 1: The Navilock NL-402U “mouse-type” GPS receiver works with Raspbian. (Picture: 

Navilock.de)
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edit the /boot/config.txt file, find the follow-
ing line, and assign the settings shown:

framebuffer_depth=32
framebuffer_ignore_alpha=1

Because these modifications apply to the 
hardware, it is necessary to reboot before 
they take effect.

After a reboot, you should start OpenCPN 
via the corresponding entry in the Raspbian 
desktop menu. The main configuration dia-
log will appear when the program is started 
for the first time (Figure 2). 

The dialog displays options for various 
parameters for the boat, connections to the 
GPSD, and the maps being used. The User 
Interface entry lets you specify the language 
for OpenCPN. 

The software implements modifications to 
the language setting after a restart, at which 
point the configuration dialog will reappear. 
Once the language is appropriately set, you 

positories for immediate installation. The 
community has jumped in to offer an up-
dated OpenCPN package in version 4. After 
downloading [6], you should use the follow-
ing invocation for installation:

$ sudo dpkg U
  ‑i opencpn_4.0.0‑1_armhf_tides_map.deb

The first attempt at installation of this pack-
age will fail because of unfulfilled dependen-
cies, which you can take care of with:

sudo apt‑get ‑f install

Then OpenCPN will be completely installed 
and theoretically ready to start.

The Raspberry Pi works fast enough for the 
task at hand. Even so, a few simple tricks 
allow better use of OpenCPN, including set-
ting the frame buffer depth to 32 and deacti-
vation of the alpha channels in the frame buf-
fer. To put these settings in place, you should 

Figure 2: When configuring OpenCPN, activate the connection to the GPS daemon (GPSD) and enter the path 

to the waterway maps.
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should click on Connections and then on Add 
Connection. You should select the GPSD pro-
tocol with address 127.0.0.1. One mouse 
click on Apply activates the modifications.

When finished, you should specify where 
the maps are located. The “Waterways” box 
explains sources for suitable maps. You 
should load these maps onto the Rasp Pi and 
note their storage location; then, you should 
go to the configuration menu, click on Add 
Directory under the Chart Files tab, and select 
the folder in which the maps have been 
placed. Now, set a checkmark at Scan Charts 
and Update Database and click on Apply 
then OK. Within a few minutes OpenCPN 
will build an internal data base of maps.

Cast oFF
After starting OpenCPN, you need to keep an 
eye out for a few issues. The first is that the 
current GPS position should appear at the 
bottom edge of the OpenCPN window. This 
means that the communication between 
OpenCPN and the GPS daemon is function-
ing properly. As soon as OpenCPN receives a 
GPS bearing, it will display a small boat icon 
at the corresponding coordinates on the map 
section of the window. The appearance of 
the boat signifies that the navigation system 
is now ready for operation.

Your DIY navigation device offers one ad-
ditional advantage that is not always imme-
diately apparent. Next to the location indica-
tor at the bottom of the window, you will see 
a speed indicator to the right (Figure 3). The 
software calculates the current location of 
the boat by means of the changing GPS coor-
dinates as the boat is underway. These are 
important pieces of information for small 
boats. In Germany, for instance, inland wa-
terways have speed limits.

Captains of small boats often find it diffi-
cult to determine actual speed. Many boats 
have impeller logs at the bow, but these tend 
not to work in the summer. Mussels attach 
themselves and obstruct the wheels when 
boats stand stationary for long periods of 
time on the water. This problem is one of the 
reasons that having a GPS-based speedome-
ter on board is a very good idea.

expanded
A Rasp Pi used to build a maritime naviga-
tion system proves itself to be an extremely 
practical helper. The setup described here 
lends itself well to expansion. Thanks to 
OpenCPN, the Rasp Pi is also suitable for use 
as a source of NMEA 0183 signals [15], 
which make it possible for additional elec-

tronic equipment that might be on board to 
use the GPS data supplied by the Raspberry 
Pi. Boating enthusiasts in the OpenCPN 
forum [16] report successful trial runs in 
using the nanocomputer as a basis for auto-
matic steering systems.

Using an NMEA 2000 gateway, it is possi-
ble to use NMEA 0183 devices on the net-
work, giving all NMEA-capable devices (e.g., 
radios) access to the GPS data generated 
with OpenCPN. All radios currently available 

A navigation solution will only be as good as 
the maps used for support. It can be very frus-
trating for a driver of a car who is traveling for 
the first time in a brand new road suddenly to 
find that Off-road is the only thing the naviga-
tion system has to offer in the way of informa-
tion about your current location. This type of 
problem can also arise out on the water, so it is 
important to have good-quality maps to navi-
gate properly. Consequently, the price of a DIY 
solution can be significantly affected by the 
quality of maps used. Fortunately, waterway 
maps are available outside of standard com-
mercial channels in some countries.

Where I live, the federal government of Ger-
many offers maps of many inland waterways 
throughout Europe in the form of so-called in-
land electronic navigation charts (IENCs). The 
IENCs can be downloaded free of charge [7] 
from government websites in a format that 
OpenCPN understands. However, the German 
government has not yet succeeded in mapping 
all of the waterways inside Germany itself. A 
classification system determines the ranking of 
a particular waterway in the hierarchy of ship-
ping routes. The greater the importance of a 
particular waterway, the higher the probability 
that it has been mapped in detail by the gov-
ernment. You may find a similar situation in 
your country.

In the US, you can get both raster navigational 
charts (RNCs) and ENCs of coastal waterways 
(including the Great Lakes and surrounding is-
lands) from the National Oceanographic and 
Atmospheric Administration (NOAA) [8]; in-
land waterway IENCs are available from the 
US Army Corp of Engineers (USACE) for the 
Mississippi and Ohio rivers and their tributar-
ies [9]. However, US riverbeds can change 
drastically over time, so you cannot rely on 
IENCs; in fact, the US Code of Federal Regula-
tions requires the use of official chart books.

RNCs and ENCs are only available for licensing 
or sale by the Canadian [10], Australian [11], 
and UK [12] governments. For a source of free 
marine navigation charts elsewhere, you can 
find a list at the OpenCPN website [13] and at 
OpenSeaMap [14].

WATERWAYS
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Raspberry Pi shows that it is well suited for 
expanding technology systems on a boat. It 
cost me EUR350 (~$400) to purchase a 
television, a GPS module, a Raspberry Pi, 
and a keyboard. 

Taking all of these items together and 
adding some luck, the user can put together 
a chart plotter. This Raspberry Pi-based so-
lution could potentially also act as a central 
control component for the boat and feed 
data directly to NMEA 2000 devices.  ● ● ●

have a distress button, so the crew can send 
an alarm report to other ships located in the 
area in the event of an accident. The location 
of the ship is part of the report that is sent. 
Only a few radios also offer their own GPS 
receiver, so the GPS data from OpenCPN can 
solve this problem.

ConClusion
Once again, as demonstrated in the naviga-
tion system described here, the diminutive 

Figure 3: Live and in color: The combined GPS and OpenCPN system displays the current location and speed of the boat in the status bar at the bottom.
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