USB stick weather station
Stickstation

Overview

The Blue Astro USB stick weather station
is a complete sensor package specifically
designed for the serious astro imager. It
delivers barometric pressure,
temperature, relative humidity and dew
point with high precision, and comes in a
very compact package in the form of a
USB stick.

Today’s modern mounts require access to
meteorological data in the form of
temperature and barometric pressure in
order to properly compensate for atmospheric
refraction. The information needs to be local and affects both pointing and tracking. It is
important to have good sensor data both when operating in an observatory and when
going portable. For fixed observatories a number of options are available in the form of
various weather station packages, but none of these lend themselves to portable use.
Naturally, the Blue Astro USB stick weather station can be used in a permanent setup as
well.

Housed in a small package similar to a USB memory stick, the Stickstation draws very little
power and does not require any exotic device drivers on your system, be it Microsoft
Windows, Linux or OSX. For Microsoft Windows users, the Stickstation application stores
your data in a SAQL database and can also generate data files for various astro imaging
software packages such as CCD Autopilot, ACP* and Sequence Generator Pro*.

* Coming feature

1 What Stickstation delivers

Stickstation contains an accurate and reliable sensor package from one of the world’s
leading manufacturer of embedded sensors, Bosch Sensortek. The sensor delivers
ambient barometric pressure, temperature and relative humidity to the Stickstation
processor, which in turn calibrates the readings and calculates the dew point.

2 Using the Stickstation

Just plug the Stickstation device into a free USB port of your computer. If all is well it
should be detected as a USB to Serial port and be assigned a COM-port number
(Microsoft Windows).

The Stickstation Windows application automatically finds your device and you can unplug
and re-plug it while the application is running. If you want to use Stickstation from any
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other software package you will need to find out which COM-port number your system has
assigned to it. This is done in device manager.

If you use a Mac you may have to disable Apple’s own driver for the type of USB to Serial
converter that is in the Stickstation, and then install FTDI’s driver.

On Linux, the Stickstation is usually detected correctly and works like a serial device.

Please note that there are, as of yet, no specific application for the Stickstation on Mac or
Linux, but the device is nonetheless usable for users with scripting knowledge.

3 The Stickstation Windows Application

For Microsoft Windows users, we have developed a weather station application that
handles the device, stores the data and makes it available in a user interface.

The Stickstation software is “fire and forget” with no configuration necessary. It will search
your computer for a device and hook up to it if it is available. During the search the
application may be slow to respond to clicks but this is normal as it is searching through
com ports and tries to reset a Stickstation should it be connected.

3.1 User interface

You may note that the Stickstation application does not exactly follow the normal look-and-
feel of Microsoft Windows. This is on purpose, and instead of using standard design
elements, the application has been written to a certain look-and-feel that Blue Astro finds
appealing. We hope you like it too. There is a close button at the top right — the one with
an X in it. If you double-click the hatched top bar the application will minimize itself.

The top bar can also be used to move the window, just like a normal Windows application.
Window position is retained by the application and restored at each start, even on multi-
monitor systems.
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3.2 Graph window

The graph portion of the application shows the temperature and dew point from now (right
side) to either 1, 3, 6, 12, 24 or 48 hours back in time. The data in the graph is read
from the database every time you change the time length of the graph with the + and -
buttons, and new data is added to the graph as it comes in without the need to consult
the database.

The Y-axis of the graph automatically scales so that all data requested to be shown fits.

Ambient pressure is plotted in the same graph window (in yellow) with scaling to match the
temperature lines.

3.3 Calibration

Stickstation is a very accurate device in relative terms, and has good linearity. Should you
find that some other device that you trust is more correct than your Stickstation, a linear
offset can be added or subtracted to the pressure, temperature and humidity readings

(dew point is calculated from temperature and humidity, so calibration follows those two).

To enter an offset, click the calibrate button. This
will turn red whilst the existing values are read from
the stick and when this turns green, number entry
boxes will appear, allowing you to change these
offset values. Simply press the calibrate button
again to store these values in the stick. It is also
fine to read the existing values without storing new values.

3.4 Data storage
The Stickstation application stores data in a SQLite database. SQLite is a freeware SQAL
database engine that is included with the Stickstation application, so there is no need to
install anything, and SQLite is not installed on your system per se, only included as a DLL
for the Stickstation application.

When the application is started the first time on your system it will create the database in
your My Documents folder. The name of the database file is “Stickstation.db3”.

There are many tools with which to access the data, and you may be interested in
installing the SALite Browser (http: //sglitebrowser.org/]. This lets you browse the
database and perform operations on it. Make sure you do not modify the structure of the
database!
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3.5 10Micron mount support

If you own a 10Micron mount and use Frejvall’'s
ASCOM driver, you can have your mount’'s refraction
parameters updated automatically and continuously.
Note that in order for this to work, the Stickstation
application needs to be running, the driver must be
version 6.6.5.0 or better, and you need to check the
“Update refraction continuously” checkbox. The driver
will update refraction parameters at the onset of
each slew, and every two minutes when the mount is
not tracking. That way, no tracking disturbances will
occur and your imaging is safe.

3.6 Boltwood file support
The Stickstation Windows application automatically creates a Boltwood || compatible single
line file in your My Documents folder. The file can be used by CCD Autopilot and other
packages, but should not be consulted if a Boltwood or compatible sensor is in use, or you
will lose your Boltwood data. The file created by the Stickstation Windows application is
called “Stick_boltwood.txt” and is only valid for timestamps, ambient temperature, dew
point temperature and relative humidity. All other field that are present in the file, such as
sky sensor, wind, roof status and more, are faked at good or absent data.

3.7 Auto search for Stickstation

In order to find your Stickstation, the application will have to first obtain a list of all available
COM-ports in your system, then query them simultaneously in separate threads. This
procedure relies on letting the COM-ports time out upon each request, and the timeout is
2 seconds. Alas, it takes two seconds to query all serial ports for the Stickstation, and up
to four seconds before data is detected.

As soon as your Stickstation is found, the application starts storing data and displays it in
the user interface. Should you unplug your device while the application is running, it will
simply enter the search mode again until you re-plug your Stickstation.

For your night vision preservation, the rather bright logotype in the user interface will dim
as soon as a valid stick is found, and brighten again if the stick is lost. The logotype
brightness can thus be seen as an indicator of stick health.

NOTE!

Each test of a COM-port involves trying to open the port and asserting DTR. If you have an
Arduino product connected physically to your PC and no application has that port open, the
Arduino will reset. If this is a problem, either disconnect the Arduino or make sure an
application has the port open.
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4 Other operating systems or your own software

If Stickstation is to be used on Mac OSX, Linux or another operating system, all which is
required is support for FTDI's FT231XS USB to Serial chip. Stickstation can be used with
just a terminal, or you can write scripts in any scripting language that supports
communication with a serial port.

Please consult section 5.4 for a full description of the command protocol used.
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5 Technical description

This section describes the Stickstation from a very technical standpoint. It is not necessary
to read it in order to use the device.

5.1 Hardware
The Stickstation is based on an Atmega 328P processor that handles all the sensor
readings and data processing required to deliver accurate results. On the USB side,
Stickstation uses and FTDI FT231XS USB to Serial chip that is widely supported out of the
box on most operating systems.

The sensor itself is a Bosch Sensortek BME280 device that delivers absolute barometric
pressure, temperature and relative humidity. The BME280 stores 18 different calibration
parameters in read-only memory, parameters that are used by the stick firmware to adjust
the raw sensor readings. Although capable of delivering readings hundreds of times per
second, the Stickstation firmware reads the sensor with over-sampling so that the highest
accuracy can be obtained.

A small LED at the outer end of the Stickstation blinks briefly whenever a sensor reading is
made and delivered to the host computer.

The circuit board of the Stickstation has been designed to minimize thermal transfer from
the USB connector. The major part of this reduction comes from using a thin PCB and
from having a large cut-out between the inner and the outer parts of the board. Also, the
sensor has been placed as far away from the connector as possible.

The clear see-through case of the Stickstation has ventilation holes over and under the
sensor part of the PCB in order to stimulate airflow over the sensor.

5.2 Firmware
The firmware inside the Stickstation is written in C++ using Microsoft Visual Studio,
VisualMlicro plugin for Arduino in Visual Studio, and the Arduino 1.5.5 development
environment. As such, it is actually Arduino code that is targeted at hardware compatible
with an Arduino Nano. The boot loader used is, however, special as the Stickstation
processor uses the internal 8MHz oscillator in order to reduce power consumption and
component count.

Stickstation firmware reads the sensor upon start-up, delivers the results and then goes
to sleep for four seconds. During sleep, the current consumption of the processor is in
the order of 4 pA, while the USB to Serial converter still uses some 2-4 mA. Active, the
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