
Processing remote weather data with a Raspberry Pi

Whither the 
Weather
A Raspberry Pi directs data collection from a network of 

weather stations in the Caribbean, processes the data, 

and makes it available on a web page. By Marvin Forde

and regional climate change. These data are 
also important for designing national and 
community-based climate adaptation strate-
gies, so easy access to the data is critical.

Apart from training technical personnel for 
their respective National Meteorological and 
Hydrological Services (NMHSs) positions 
across the Caribbean region, I am frequently 
requested to assist with the installation of 
meteorological and hydrological equipment 
throughout the region. These requests can 
come directly from an NMHS, but most re-
quests come directly from projects funded by 
regional and international development 
agencies. Regardless of the source of the re-
quest, a common question asked is, “Can I 
access the data?”

Early WindoWs solution
Under the Enhancing Resilience to Reduce 
Vulnerability in the Caribbean (ERC) Project 
[2] funded by the Government of Italy from 
2009 to 2013 and executed by the United Na-
tions Development Programme Office for 
Barbados and the Organization for Eastern 
Caribbean States, 14 full Sutron automatic 
weather stations (AWSs) [3] were installed at 
locations in the Eastern Caribbean, including 
the CIMH campus. A Windows machine was 
purchased for the Sutron software, XConnect 
[4], for each AWS system. This Windows-
based software downloads and archives data 
onto local machines on each island.

One of the objectives of the ERC project 
was to establish an AWS network to assist in 
disaster risk reduction and to support the re-
gion’s climate and hydrometeorological early 
warning activities. This was done through 
the implementation of a Linux-based online 

Climate, weather, and hydrological 
data collection and archiving is an 
integral part of the services pro-
vided by the Caribbean Institute 

for Meteorology and Hydrology (CIMH) [1], 
located in Barbados. Data collected in these 
archives is integrated into global databases 
that are used to assess and monitor global 
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database. Because I needed to interact with 
this Linux-based database platform, I in-
stalled Cygwin [5] on the test machine to 
create a Linux environment in Windows; 
therefore, native Linux commands could be 
used to transfer the formatted dataset (dis-
cussed later). XConnect was configured to 
store the data every 10 minutes in ASCII text 
files.

A Python 2.7 script read the data and ex-
tracted the readings. Through the use of cron 
jobs, this script was also run at 10-minute in-
tervals, with a 1-minute offset (see the flow 
diagram in Figure 1). Once collected, the 
script also formatted the dataset and sent it 
to the disaster risk reduction database plat-
form by SFTP. Initial tests of the Cygwin/ 

Windows interactions were done on a Win-
dows XP machine, which proved not only 
successful but, most importantly, stable.

Once again I was asked about data access. 
Although the data could be downloaded lo-
cally from the XLite 9210B datalogger [6] and 
the local collection machine, this dataset was 
not immediately user friendly without some 
level of processing, so I decided to find a 
cost-effective yet robust way to make the 
data easily accessible.

At the time of the project procurement, 
which was some months after the testing 
phase, only Windows 7 machines were avail-
able for purchase. However, the XConnect 
software was not fully compatible with Win-
dows 7; as a result, the collection systems 

Figure 1: An overview of the data flow and products.
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was requested every two minutes and stored 
on the local collection machine on each is-
land, which yielded running average values 
within that given 10-minute period:

06Aug2016   15:00:02     AT  31.1 G
06Aug2016   15:02:02     AT  31.1 G
06Aug2016   15:04:02     AT  31.0 G
06Aug2016   15:06:02     AT  31.0 G
06Aug2016   15:08:02     AT  30.6 G

These parameters were then stored in hourly 
text files (Figure 4), with a <ddmmmyyyy_hh>.txt 
naming format (e.g., 06Aug2016_15.txt). Each 
variable or measurement parameter of the sta-
tion was assigned its own folder; for example, 
the folder for the air temperature variable is 
stored in the AT folder (Figure 1, far left).

Only the 10-minute intervals are formatted 
separately and sent to the central database at 
CIMH via SFTP. Using this Linux-based ap-
proach, the system proved to be very reliable 
and stable, and, more importantly, it avoided 
many of the challenges associated with the 
Cygwin/ Windows 7 setup.

EntEr raspbErry pi
During the software development period, I 
started to explore the capabilities of the 
Raspberry Pi Model B. I quickly realized that 
for this application, a Raspberry Pi (version 
1) running “wheezy” with a 16GB SD card 
was more than capable of replacing a Linux 
desktop PC. Using a Raspberry Pi (Rasp Pi) 
meant reduced hardware costs and gains in 
energy efficiency, not only making the collec-
tion system sustainable but reducing its car-
bon footprint.

were no longer stable: The software con-
stantly had to be restarted and, in some 
cases, the system needed a complete reboot. 
Given the importance of the collected data, a 
more reliable approach had to be devised. At 
this time, I began to develop a Linux-based 
system to collect the data directly from the 
network of AWSs.

linux approach
Initially, I tried to emulate in software the 
signals that needed to be sent to the AWS 
datalogger to request data, but that proved to 
be difficult because a proprietary protocol 
was used between XConnect and the 9210B 
datalogger. With further research, I discov-
ered that the datalogger implemented a ter-
minal console within its firmware with a 
built-in command set. Through this feature, I 
was able to communicate directly and down-
load the current dataset.

Communication with the AWS is through a 
radio frequency (RF) link [7] at 900MHz im-
plemented over an RS-232 serial line. In the 
initial tests, I used the minicom serial commu-
nication program [8] on a Linux Mint 15 
desktop computer to test the connection with 
the datalogger (Figure 2). Once the structure 
of the dataset was determined, a Python 
script [9], making use of the Python serial 
module, established the serial connection 
with the datalogger. The show /tag /c com-
mand, when issued to the 9210B datalogger, 
stored the returned dataset (Figure 3) in a 
buffer. The script then parsed the data and 
stored it in ASCII files.

Although the datalogger was configured to 
collect averaged data every 10 minutes, data 

Figure 2: The Linux minicom ‑s command lets you set up serial communications with the datalogger.
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Because both Linux Mint and wheezy are 
Debian distributions, it was simply a matter 
of copying the Python script over to the 
Rasp Pi and changing the file paths. The pri-
mary difference was that the serial connec-
tion was implemented using a USB-to-serial 
cable connected to one of the USB ports on 
the Rasp Pi, compared with the hardware 
serial port on the desktop.

data Visualization
The initial purpose of this project was to pro-
duce a system that allows a user to view the 
collected data, and because the Rasp Pi was 
physically located far from the primary users 
of the dataset, thereby limiting direct access, 
I decided to make the data available on the 
network. To achieve this, I opted to go with 
HTML tables, because the dataset composi-
tion was going to remain fixed.

The HTML code to produce the web ta-
bles was written into the Python script. 
Every time the script ran, a text file re-
ceived the raw HTML code, with updated 
data values inserted at their relevant posi-
tions (Figure 5). The key thing when creat-
ing the file was to save it with a .html ex-
tension. Once the HTML file was complete, 
it was stored to the web hosting folder to 
make the latest data available on the web 
page.

Initially, lighttpd [10] was the web server 
on the Rasp Pi, but I subsequently installed 
Apache [11] to push the envelope. Although 
Apache requires more resources than light-
tpd, I found that the additional resource re-
quirements did not degrade the perfor-
mance of the software on the Rasp Pi. In 
fact, the project saw a net benefit from the 

use of Apache, with better 
security and wider com-
munity support, so I have 
continued to use it.

To enhance the capabil-
ity of the software and the 
user experience, time-de-
pendent graphs of some of 
the datasets supplemented 
the tabular data presenta-
tion. Gnuplot [12], a com-
mand-line graphing utility 
requiring limited comput-
ing resources, facilitated 
the visualization. With a 
Gnuplot Python plugin 
(gnuplot-py) [13], I added 
code to the main script to 
save the data in files for 
plotting, and the plotting 

code was also added to the main script.
Although the existing text files could be 

used for plotting, each file only held one 
hour’s worth of data, which would have re-
quired reading across several files to plot 
ranges greater than one hour. Therefore, I 
created a separate set of daily files just for 
graphing. These files carried the same format 

Figure 3: An example of data from the datalogger.

Figure 4: ASCII files for the hourly air temperature (AT-tagged) files.

Figure 5: Tabular data with updated values from the locally stored data.
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I could create a file that would be used to 
generate the Gnuplot graphs.

Initially the HTML table and the graphs 
were implemented on separate web pages, 
then the HTML code in the Python 2.7 
script was updated with some simple Cas-
cading Style Sheet (CSS) files, and the 
pages were combined into one. Moreover, 
the thumbnails were now linked to the full 
image (Figure 6).

crEating a databasE
At this point, the data for each variable 
was still stored in its own folder, so sup-
port for data retrieval was tedious, because 
a separate Python script had to be written 
and placed in the corresponding folder(s) 
when more than one variable was re-
quested. A database would be the most 
logical and efficient solution, and to sim-
plify the implementation, I looked for a 
standalone system that could be housed on 
the Rasp Pi.

An SQLite database was the best option, 
because it is a self-contained serverless sys-
tem. The idea of going back through all of 
the archived text files to populate the data-
base was daunting, until I remembered that 
I had already created 10-minute datasets 
that included all of the variables with their 
corresponding timestamps. Using that for-
mat as a template for the database structure, 
I then wrote a Python script to read these 
data files, some of which went as far back 
as 2012 for some stations. Once the data 
was ingested, I experimented with data-re-
trieval commands using SQL and wondered 
why I did not do this from the beginning. 
The script used to ingest the data was then 
modified to update the database with the 
latest 10-minute formatted dataset. You can 
find examples of my scripts on the Linux 
Magazine FTP site [9].

With the data now in a database, the pos-
sibilities were endless. With some HTML 
knowledge and far less CSS knowledge, I 
made use of Common Gateway Interface 
(CGI) scripting and some help from PHP to 
execute a Python script on the basis of user 
selections from an HTML form (Figure 7). 
Because Python is my preferred scripting lan-
guage, I enabled Python in CGI [14]. This 
method reads the variables using the POST 
method from the HTML form to retrieve the 
requested data.

From the start_date, end_date, and se-
lected variables, the Python program gen-
erates a SQL query and processes it on the 
database to retrieve the data. If any data is 

as the hourly text files; however, they were 
stored in a separate location, and the new 
data values were appended to their corre-
sponding file. With one file holding the raw 
data, a temporary file was created to plot 
the graphs from that file (Listing 1). By issu-
ing tail ‑n <number_of_lines> > <temp_
file>.dat for both the 24-hour and seven-
day graphs – for example,

tail ‑n 5040 > AT_temp.dat

import Gnuplot

g = Gnuplot.Gnuplot(debug=0)

g('cd "/home/pi/Sutron_Linux/Daily/"')

g('set xdata time')

g('set terminal png size 800,400')

g('set timefmt "%d%b%Y   %H:%M:%S"')

g('set output "/home/pi/Sutron_Linux/Daily/Daily_Images/temperature.png"')

g('set format x "%H:%M\\n%d%b"')

g('set title " Daily Temperature and Dew Point Graph"')

g('set key noautotitles')

g('set grid')

g('set xlabel "Time\\nDate"')

g('set yrange [10.0:40.0]')

g('set ylabel " Temperature ‑ C"')

g('set datafile missing "NaN"')

g(' plot "AT_daily.dat" using 1:($4) with lines title  
"Temperature","DP_daily.dat" using 1:($4) with lines title "Dew Point"')

//c ode used to generate the graph for the AT (Air Temperature) and  
DP (Dew Point) graph.

os. system('tail ‑n 5040 /home/pi/Sutron_Linux/Weekly/AT_weekly.dat >  
/home/pi/Sutron_Linux/Weekly/AT_temp.dat')

os. system('tail ‑n 5040 /home/pi/Sutron_Linux/Weekly/DP_weekly.dat >  
/home/pi/Sutron_Linux/Weekly/DP_temp.dat')

g('cd "/home/pi/Sutron_Linux/Weekly/"')

g('set xdata time')

g('set terminal png size 800,400')

g('set timefmt "%d%b%Y   %H:%M:%S"')

g('set output "/home/pi/Sutron_Linux/Weekly/Weekly_Images/AT_weekly2.png"')

g('set format x "%H:%M\\n%d%b"')

g('set title " Weekly Temperature and Dew Point Graph"')

g('set key noautotitles')

g('set key top right')

g('set grid')

g('set xlabel "Time\\nDate"')

g('set yrange [10.0:40.0]')

g('set ylabel " Temperature ‑ C"')

g('set datafile missing "NaN"')

g(' plot "AT_temp.dat" using 1:($4) with lines title "Temperature",  
"DP_temp.dat" using 1:($4) with lines title "Dew Point"')

print "06  of  10 completed"

LISTING 1: Gnuplot Code
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returned, it is then displayed on the screen, 
where the user can download the data in 
CSV format. If the user enters a file name 
other than the generated default name, the 
download file is downloaded to their sys-
tem with that name. With this query form 
now available on the network, any user 
can request and retrieve data directly to 
their system quickly and easily.

Another web page, primarily designed for 
those interested in the data from a climato-
logical perspective, displays maximum and 
minimum values for the year, month, and 
day of data access (Figure 8). Once again 
HTML tables were the choice to structure 
this data for display – however, with a differ-
ent approach to its implementation.

Instead of writing the HTML code within 
the Python script and updating the data on 
the fly, I stored an HTML template with key-
words. Using the sed command, these key-
words were then replaced with the respective 
values (Listing 2). This approach was taken 
because the idea was to have several display 
templates available to the end user from 
which they could choose. However, to date, 
other templates have not been designed, al-
though this approach does make the code 
more manageable.

Finishing touchEs
The Rasp Pi, sprouting cables 
and connectors, is not exactly of-
fice friendly, especially to curi-
ous onlookers, so I decided to 
house it in an easy-to-obtain 
electrical housing box. For 
power, I used a 2.1A mobile 
phone charger with a standard USB-to-micro-
USB cable to connect to the Raspberry Pi 
(Figure 9). By making use of the standard 
input from an old computer power supply, I 

Figure 6: Web page for combined HTML table and Gnuplot graphs.

Figure 7: The database query form for variables over 

a specified time interval.

Figure 8: Current conditions, minimums, and maximums.

os.system("cp /home/pi/Basher/Analysis/template.html /home/pi/Basher/Analysis/index.html")

os.system(""" sed ‑i 's/current_time/""" + current_time+ """/g' /home/pi/Basher/Analysis/index.html""")

os.system(""" sed ‑i 's/current_AT/""" + current_AT+ """/g' /home/pi/Basher/Analysis/index.html""")

os.system(""" sed ‑i 's/current_RH/""" + current_RH+ """/g' /home/pi/Basher/Analysis/index.html""")

os.system(""" sed ‑i 's/current_QFF/""" + current_QFF+ """/g' /home/pi/Basher/Analysis/index.html""")

os.system(""" sed ‑i 's/current_winds/""" + current_winds+ """/g' /home/pi/Basher/Analysis/index.html""")

LISTING 2: Substituting Values in a Template
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Write to USB. Before the web form to down-
load data was created, an option was avail-
able to save data to a USB drive. Any generic 
USB drive can be inserted into the system, 
and, once detected, the current file structure 
is duplicated onto it. Once write access is en-
abled on the USB device, the data is saved to 
the USB drive as well. This process was de-
veloped to allow non-technical personnel to 
download data manually.

FTP Server. All that is needed to upload the 
data to a local FTP server is an IP address, 
password, and the path of the folder in 
which the file is to be placed. Through the 
use of the Python MySQLdb module [16], 
linking to the FTP server was pretty straight-
forward.

Future Projects. Like the battery indicator, 
an alert for wind gusts and average winds 
greater than 10 knots would be desirable. 
This addition would place an alert indicator 
on the main HTML display screen. Because 
of the implications of this alert, the inclusion 
of an audio alarm would be useful, as well. 
Another project is to complete the program-
ming for the rainfall analysis and insert it on 
the web page.

conclusion
All in all, the Rasp Pi has proven to be a 
suitable replacement for a full desktop sys-
tem, doing as much as, and in some cases 
outdoing, the Windows and Linux desktop 
PC implementations. However, the soft-
ware provided by the datalogger manufac-
turer provides a more aesthetically appeal-
ing display. Also, the software manufac-
turer has been in some of the NMHS instal-
lations for some time, and there was some 
hesitancy to accept the new look and feel 
of the data display. The idea was not to 
copy the original software, but some work 
can be done in making the display more 
user friendly and, maybe more importantly, 
aesthetically appealing. It should also be 
pointed out that the manufacturer’s soft-
ware has a price tag attached to it outside 
of the purchase of the datalogger, so using 
the Rasp Pi system has some cost saving 
benefits.

The greatest feedback of the system was 
related to the download page, which lets the 
user download the data they want when they 
want it. A planned added feature here would 
be to graph the selected dataset and make 
that graph available for download along with 
the raw data.  ● ● ●

was then able to power the charger and a 
standard 110VAC plug that powered the RF 
radio. I picked up a power switch with an in-
ternal light to turn on the power going to the 
mobile phone.

For Ethernet connectivity, I used a surface-
mount adapter to connect the Ethernet cable 
to the Rasp Pi internally. A USB-to-serial 
cable connected to the makeshift serial 
adapter was used to accept the serial input 
from the RF radio.

Configuration Files. As you can imagine, the 
Python script to execute all of these tasks 
was beginning to get rather extensive. With 
the idea to distribute this system to CIMH 
member countries, I needed to make the sys-
tem as easily configurable as possible. Using 
the built-in Python 2.7 ConfigParser module 
[15], some of the parameters of the script 
were read from a configuration file, which 
would allow a user to make minor adjust-
ments to the script without having to go into 
the actual script itself.

Low Battery Indicator. After the installa-
tion of an AWS on St. Vincent island, com-
munication ceased, although from all re-
cords, the system appeared to be working 
as it should. On closer inspection of the 
data, the battery was last recorded to be 
just above the operational level allowed by 
the XLite 9210B datalogger. As a result, a 
simple check of the battery level and a 
low-level indicator were implemented. This 
indicator shows up on the main HTML 
page and is only displayed if the battery 
level goes below 10V.

Figure 9: The enclosure for the Raspberry Pi and the 

Ethernet and power connections.
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