











2 ACTIVITY 3 - WHICH WAY IS DOWN?

Everything on Earth is subject to gravity. This is the force that, when you jump, pulls you down
continuously. And because of that, it’s very easy on Earth to know which way is down. ‘Down’ is the
direction gravity is pulling you to, and ‘up’ is the opposite direction.

In the International Space Station, there is no up or down. There is no difference between a floor and
a ceiling. This disorientation can make astronauts feel sick (‘space sickness’) until they get used to
this strange arrangement.

In this activity you are going to learn how to use the accelerometer sensor to detect orientation.

Exercise

1. The International Space Station orbits the Earth at an altitude of 400km. As gravity become
weaker with distance, the gravity at that altitude is about 90% of what it is on the Earth’s
surface. But if you look at the astronauts on the International Space Station, they seem to be
floating around with no sense of up or down. Can you explain why this happens?

M In the ISS there is no up or down (ESA/NASA)
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2. The Sense HAT has a movement sensor called an IMU (Inertial Measurement Unit) which is
actually three sensors in one:

- A gyroscope (measures rotation and :

momentum); SIS

« An accelerometer can be used to find the s NN '

direction of gravity when an object is at rest;

« A magnetometer (measures the Earth's own

magnetic field, a bit like a compass) -~ _.."u.- ]
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Accelerometers measure in metres per second ggoasgan ...
squared (m/s?) or in g-forces (g). g is the symbol ToETuoow -
for the average acceleration (9,8 m/s?) produced gogoggge
by gravity at the Earth's surface (sea level). One coooooag’

g-force on planet Earth is equivalent to 9.8 m/s2. - -Sooousuad
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Open a new Python window and type the code i) censor in the sense HAT
below:

.Eile Edit Fgrmat PBun Options Windows Help

‘from sense_hat import SenseHat

sense = SenseHat()
acceleration = sense.get_accelerometer_raw()

print{acceleration)

3. Run your code and write down the measurements from the accelerometer.

4.The Sense HAT accelerometer collects data from 3 axes (or in 3 dimensions). It is not very helpful
to read the data in the format that you have just printed. To print the data in a more friendly
format, copy and run the following code.

File Edit Format Run Options Windows Help

from sense_hat import SenseHat

sense = SenseHat()

acceleration = sense.get_accelerometer_raw()
x acceleration['x"]
y acceleration["y"]
z acceleration[ z"]

®x=round{x, 0)
y=round(y, 0)
z=round{z, 0)

print("x {0} y {1} z {2}".format(x.y.z))
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5. Write down the results. In which direction do you think the force of gravity is pointing? Discuss
your answer with your peers and with your teacher.
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6.Rotate your Astro Pi by 9o degrees. Write down the results and explain the differences from the
previous results.

7. Complete the scheme bellow to indicate the directions of the X,Y, and Z axes from your Astro
Pi. If you think it’s necessary, you can rotate your Astro Pi once more.

Figure A7

8. Table A2 shows the X,Y, and Z axes accelerometer readings from Astro Pi on the ISS for one work
day. Why do you think the accelerometer is reading close to zero? Do you think it can be an
anomaly? Try to answer this question by comparing the data collected on the ISS with the data
that you have already collected. See your answer to Question 1 from this activity as well. Discuss
your answer with your peers and with your teacher.
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Table A2 - Accelerometer readings from the Astro Pi on the ISS (in g)

accel x accel z time_stamp

-0,00057 0,019359 | 0,014357 10:45:00 AM
-0,00044 0,019405 | 0,014425 11:45:00 AM

-0,00056 0,019531 | 0,014597 12:45:00 AM
-0,00056 0,019506 | 0,014432 01:45:00 PM
-0,00058 0,019464 | 0,014569 02:45:01 PM

-0,00056 0,01939 | 0,014578 03:45:00 PM
-0,00053 0,019384 | 0,014389 04:45:00 PM
-0,00046 0,01926 | 0,01444 05:45:00 PM
-0,00053 0,019266 | 0,014568 06:45:01 PM
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Extension

1. The ISS loses 50 to 100 metres of altitude per day. Left unchecked, this would cause the orbit to
decay, losing height and putting the ISS in great danger. This happens because even at the altitude
of 400 km there is still a tiny amount of atmosphere present. That air creates drag on the ISS, which
causes its orbit to slowly decay over time. To avoid this, orbital boosts are provided by rocket engines.
Boosts might be staged 3- 4 times each month. What data can be collected by Astro Pi to record
these events?

2. Download here the data collected in the Columbus module from 16/02/2016 to 29/02/2016. Can
you guess if any ISS reboots occurred during that period and how long they lasted? Go here for the
latest altitude graph; you may be able to correlate this with the data in the file. Write down your
conclusions.



http://esamultimedia.esa.int/docs/edu/data_file_columbus.csv
http://www.heavens-above.com/IssHeight.aspx
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