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1.0  Introduction

Space has always mystified and interested people.  The concept of being in a location where nothing else exists, just emptiness, and the fact that it is so different compared to our normal life, creates a sense of wonder.  For decades, those who have had the ability and means, have sent up various forms of spacecraft to experience that wonder associated with space.  One of the cool things about our planet is the atmospheric layers that surround it.  We have been able to classify the changes in altitude based on specific characteristics and separate them into their own unique layers.  The outermost layers of the atmosphere gradually begin to represent outer-space more and more, transitioning over many miles.  These outer layers have been categorized as near-space.  

In near-space many environmental factors resemble outer-space, such as temperature and pressure.  Seeing as how many people don’t own the resources, specifically money and facilities, that it takes to visit outer-space, amateurs are able to experience a portion of the properties that define outer-space by visiting near-space.  In our class this is our goal: to create an object that will be able to travel into the area we know as near-space.  We will be able to compare and contrast the differing properties of near-space and surface level.  We will get to witness the changes in temperature and humidity, along with other scientific tests of our choosing, and observe the change from the crushing pressure we experience daily as it decreases towards zero.  The conditions we are to record data in are too dangerous for any human to be exposed to without the proper equipment, and we even need to plan for the effects on our electronics.  As a child, almost everyone has wanted to feel like an astronaut, everyone at one point dreams of riding up in a spaceship sometime in their life.  We are lucky enough to experience the second best, which is nearly as extraordinary.

2.0  Mission Overview

Our team plans to launch a payload, to reach near space, to collect data in the extreme conditions there, and finally recover the payload intact for post-flight analysis.  In order to do this we will need to create a payload that can overcome the harsh circumstances it will experience near the peak of its flight.  We will use a heater inside the box to counteract the extreme cold, and in turn keep the electronics functioning.  The Styrofoam box will also work as an insulator, along with providing the stability.  We will brace the box and make it very sturdy in order to protect the components when the box hits the ground with some speed.Our team also has specific goals to go along with the experiments we are sending up.  We want to 1) diagnose the spectrum of sun light as we gain altitude by taking a picture every 30 seconds through a tube to direct a strip of light onto a diffraction grating, 2) characterize the magnetic field of the earth with varying altitude, 3) document the internal conditions of the box using a HOBO, and 4) characterize external conditions using an onboard weather station.  We expect certain results with each of these experiments and will use data we collect to compare them to our predictions in post-flight analysis.  Our team believes we will see a greater, and more distinct, range of colors as altitude increases.  Also we expect to see a decrease in magnetic field strength as altitudes increase to above 100,000 feet.   We hope that the insulated box and heater will maintain a relatively stable internal temperature.  Based on previous knowledge, we believe outside the payload we will see a decrease in pressure, decrease followed by slight increase for temperature, and a reduction in humidity at altitude.

3.0  Payload Design

We have a few limitations with our payload.  Its mass cannot exceed 1 kg.  We have limits on the budget we are allowed.  We can only deal with electronics and other equipment that can function under the extreme stresses of near space (i.e. temperature, lack of oxygen, etc.).  We are required to use small enough equipment to fit within the size and mass limits.  We collect data in a number of areas, including visual and physical changes in the conditions.

We have a weather probe located on the outside of the box that will relay temperature, pressure, and humidity conditions to the BSE Flight computer inside.  The HOBO will gather and record similar data from inside the box.  A heater connected to batteries will attempt to maintain a stable temperature inside the box.  Our still shot camera will use the diffraction grating to gather information about the spectrum of light.  We will also include an accelerometer to measure the motion of the payload throughout the flight.

	Payload Components

	1"-thick Pink Styrofoam

	Heater circuit

	3-pack 9-volt battery for heater

	Weather station

	BalloonSat Easy flight computer and 9v battery

	Control panel for BSE flight computer

	Programmable Still Camera and Diffraction Grating

	HOBO data logger

	HOBO Temperature Logger

	HOBO 3-axis accelerometer

	Open Log and Arduino Computer

	MicroMag 3-Axis Magnetometer

	Zigbee Radio
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4.0  Project Management

Organizational Chart

[image: image37.png]External Temperature vs. Time -

a0

60

0

20

o
-0
a0

Temperature (F)

-60

-80

Time, GNT-05.009:44:22 112846 131310 14:57:3¢
Time




	Schedule
	

	September 27
	CDR Slides Due

	October 4
	Finish Soldering, Meet TA

	October 14
	Project Documentation: Rev A

	October 25
	Flight Readiness Review

	October 27
	Final Weigh-in/Turn-in

	October 28
	GPS Hunt, Flight Predictions

	October 29
	Launch Day

	November 4
	Project Documentation: Rev B

	November 22
	Final Presentation Due

	December 2
	Project Documentation: Rev C

	December 13
	Public Reception


5.0  Project Budgets
	Material
	Cost
	Weight (KG)

	1"-thick Pink Styrofoam
	$8.00
	0.150

	Heater circuit
	$5.00
	0.027

	3-pack 9-volt battery for heater
	$6.00
	0.150

	Weather station
	$50.00
	0.015

	BalloonSat Easy flight computer
	$50.00
	0.033

	9-volt battery for flight computer
	$2.00
	0.046

	Control panel for BSE flight computer
	$10.00
	0.025

	HOBO data logger
	$130.00
	0.048

	HOBO Temperature Logger
	$29.00
	0.010

	HOBO 3-axis accelerometer
	$75.00
	0.017

	Diffraction Grating
	$1.00
	0.001

	Miscellaneous Pieces
	-
	0.107

	+Zigbee Radio
	$300
	0.115

	+Breadboard and Open Log for Arduino
	$85
	0.134

	+Tape and Cardboard Tube for Spectrum
	-
	0.020

	+Still Camera
	$166
	0.204

	Actual Final
	$932
	.995
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6.0  Payload Photographs
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7.0  Test Plan and Results
Before we fly our payload box, we have to be sure that the components will work within the box as it ascends and endures extreme conditions.  The components that need testing are: the camera and diffraction grating, the heater, the flight computer, the weather station, the HOBO data logger, the accelerometer, and the magnetometer.  

To test the optical experiment, we plan to find out what the optimal angle and position is of both the camera and the grating.  We will use a tube with a very thin slit on the end to direct light at the diffraction grating.  We want to be able to see the light of the spectrum as often as possible and as clearly as possible.  For the heater, we will put the heater in a very low temperature environment, a test known as a cold soak, and see if it is able to keep itself and another object from freezing.  The more complicated components will be fairly easy to test.  The flight computer can be tested by running program at surface level and seeing if we get the known results for the conditions.  We will test the weather station by checking that it will read the weather conditions when hooked up and provide reliable data.  The HOBO will be tested in much the same way.  The accelerometer can be tested by putting it in certain situations and seeing if the data matches the tests.  The magnetometer will be tested simply by seeing if it can maintain a reading on the magnetic field while moving around a given area and switching directions.  After making sure that these important components will be able to function, we also want to make sure that our box will withstand the landing and external punishment.  We will put it through tests such as throwing it down a flight of stairs with a similar weight as our components in order to determine if it is the correct strength for our project.  If our box and apparatuses can withstand these tests, then we our box will be ready perform the desired tasks on the flight.

In the cold soak test we saw that our internal heater was strong enough to keep our payload insides at or above room temperature for most of the experiment even when the outer temperature reached -15.  During our drop test our payload was successfully dropped the first time.  It did not take any serious damage, and we determined it should be able to survive the flight.  With the diffraction grating we figured out what the best angle for the camera to be pointing at the grating is, so we repositioned it to get the best picture.  Instead of sitting flat on the bottom, it is angled against the side.  After one piece of the weather station malfunctioned, so did another so all we had left was temperature. We will have to use another weather station.  We successfully uploaded code to the arduino and were able to then download relevant data for our flight.
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8.0 Expected Science Results

· Light

· We are using the idea from the philosopher Seneca that claims rainbows are made up of different wavelengths of light refracting differently from raindrops.  We assume that after we get into the stratosphere, where water won’t be, that less light will have been refracted, and our images will be more pure and full.

· Magnetic

· According to the authors Merrill, McElhinny & McFadden, the magnet won’t always be pointing straight to the North Pole in three dimensions.  This is because the third dimension is affected by the attraction of the southern tip of a magnet to the South Pole. Our thoughts is that this might weaken enough to the point that our north tip will be pointing more towards the north pole than predicted by these writers
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· External Conditions
· Temperature

· Paul Verhage has performed near-space experiments, and he has found that temperature will decrease until it reaches the tropopause, a layer separating the troposphere and the stratosphere, then it reaches the stratosphere which contains the Ozone layer that blocks a lot of the heat, at which point the temperature will begin to rise again.
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· Pressure

· It is known that as one gets closer to outer space, the pressure will decrease because there is less air above oneself.  Paul Verhage has shown this in many graphs from his near-space experiments
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· Humidity

· The Forest Encyclopedia Network claims that absolute humidity will decrease as we rise in altitude because the colder air will not be able to hold as much water.  However it claims that the relative humidity will increase.

· Internal Temperature
· Although the external temperature is dropping, based on our cold soak, we expect internal temperature to remain generally consistent, possibly drop a little bit.

9.0  Launch and Recovery

Our class went on a trip on October 29th, 2011 in order to launch our balloons and our payloads that we had worked so vigorously on.  We drove in University of Minnesota minivans down to Gustavus Adolphus College in Saint Peter, Minnesota.  Along with the class’ students, Doctor Flaten and our Teaching Assistants Alex and Joey, were the additions of Seth and ****.  We were also joined by a couple of Ham Radio operators that tagged along to help us in the tracking of our balloon.  

We woke up rather early in order to meet outside of Shepherd Labs at 6:00 AM.  It was quite chilly and dark because of the early morning.  Most everyone was there when we were met by Dr. Flaten and others to allow us into the building.  We had all packed various items for comfort or other uses.  Some packed food, blankets, pillows, water or other drinks; while others packed little at all.  Many people slept on the way there because of the early hour.  We arrived at Gustavus Adolfus after a drive of around and hour and a half.  The drive was filled with much countryside and farmland the closer we got to our destination.  When we finally disembarked, everyone filed out of their respective transportation and made their way out into the cold of the outdoors.  

After acclimating to the climate, we unloaded our payload boxes and prepared to launch.  Each team had people attending to different tasks and making sure that everything was looked after.  Zach and Nate dealt with many of the internal components of the box.  The people who performed this task made sure that all of the pieces of the payload were properly and sufficiently strapped down so as to survive the flight.  They also had to plug in the batteries, turn on the heater and pull the pin to start data logging.  This made sure that our box and internal components would be working in a correct manner throughout the flight.  They also had to secure the box and close it so that it would remain sealed for the duration of the flight and landing.  Travis and Zach were recording the events of the morning with their video camera and camera respectively.  This was to gain records of the day that could be used in the then upcoming team presentations.  These people that recorded saw the work of the others and were also free to pitch in when their help was necessary.  All of us also helped in attaching the riggings.  The strings were attached to the boxes through tubes that had rings on the end to hold the separate riggings together.  We attached these together and then to what was directly attached to the balloon that we had begun filling.  Tanks of helium were in the back of Dr. Flaten’s truck.  These were attached to a tube which was fed into the balloon in order to inflate it for the launch.  Dan was able to help with the filling of the balloon by holding on to the tube that pumped the helium in.  

As the balloon grew larger, the anticipation and excitement grew for the launch.  It swelled in size just as our collective pride eventually would during that day.  Once all of these pieces: the rigging, the balloon, the boxes, and the individual components were in place, we were almost ready to send our balloon off.  We disengaged the balloon and the helium tanks and sealed the balloon off.  We fed the balloon upwards, with the teams each handling their box that was attached to it in the order they were in the payload stack so that we could send it up hassle-free.  We fed this chain to Dr. Flaten who let the balloon climb ever higher until we only had a hold on the last box.  As we witnessed this, we counted down the launch backwards from ten.  This was an exhilarating moment that made the work worth it.  As we got closer to the end of the countdown, anticipation mounted as Dr. Flaten’s fingers lessened their grasp and allowed the beautiful stack of payload boxes to be carried upward towards the heavens.  When it was floating freely, we stared in awe at the sight of our accomplishment.  

After some moments of admiration, some of us started to pack up to embark on the tracking of the quickly rising balloon.  The others that stayed back had to also send off the second balloon, albeit with much less fanfare and wanting.  After this balloon had also been set up and launched, the rest of the minivans prepared to chase.  Once in the vans, there was a setup to track the balloons.  A radio antenna was placed on the roof of the vehicle and was connected to a computer that was able to take the readings to track and coordinate the flight.  We attained a good amount of readings and the data seemed fine. After a bit though, the readings ended and we were unable to get anything out of our balloon.  This was not a good sign.  We alerted Dr. Flaten and coordinated with the other teams to see what we could do.  As we were driving around, the other balloon that was still trackable was spotted and recovered.  When those that weren’t there were told this news, they came to the landing sight.  We eventually were all able to catch up in order to figure out what had happened to the other balloon.  We continued to try for the other balloon and use the reading to position it.  We made a general search area and drove around in order to find it.  We weren’t able to spot much but got a faint signal from a tracker.  This gave us a slightly smaller area to sweep.  Some vans would stop and get out scouring fields and woods alike.  After quite a lengthy search, we had no luck and decided to meet up once again.  We all met and were told we could go or stay.  Sean hung back with Dr. Flaten while the rest left for home and food. Surprisingly, shortly after we left they were able to successfully find the payloads.  The boxes were in good shape save for a few sticks in the Styrofoam.  The day had ended up being a good one, albeit a bit of a struggle.  When the rest of us heard the joyous news, it was a relief and we could finally say that our balloon launch was a success.
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10.0  Results and Analysis

Accelerometer

In our payload, a HOBO accelerometer was used to record three-dimensional acceleration throughout the flight. This data is useful because it reveals information about flight events, payload orientation, and any turbulence the payload might have experienced. The accelerometer was turned on before the payload was sealed, and it recorded data once every second in its onboard computer until running out of memory or being turned off.

Data

Set 1: Directional Raw Acceleration
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Set 2: Total Composited Acceleration
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The first set of data is the raw acceleration split into the X, Y, and Z directions. This data set is useful to determine the direction of any forces acting on the payload, particularly the direction of gravity. The second set of data is a composite of the directional accelerations using the distance formula. The total composite acceleration is more useful for determining the magnitude of any changes in acceleration.

Every balloon flight has several flight events that are readily observable through composite accelerometer data: launch, burst, and landing. The launch is preceded by consistent composite acceleration hovering around 1g. Occasional outliers due to movement or preparing the payload scatter around the tightly packed data. Several minutes before launch, the acceleration plateaus at a slightly higher peak, to be discussed shortly. Launch occurs right afterward when the acceleration re-centers around 1g, but with a wider range of values. Two large spikes can be distinguished, the first around 43 minutes and the second around 59 minutes. The first is caused by turbulence, to be discussed soon, and the second is a result of burst and the chaos afterward. Landing occurs when the data again levels out from the wider band of calm flight. It centers slightly higher than 1g in a narrow, strictly consistent stripe until data stops recording.

Some specifics of this flight can be observed based on the raw, directional acceleration components. In the few minutes before launch, the payloads were carried, tipped sideways, in preparation for launch. Here the Y acceleration (shown in red) approaches -1g, indicating that it was tipped in the -Y direction. During flight, the orientation is slightly tilted, indicated by the consistently nonzero Y and Z values throughout the flight. A strictly vertical flight would have these values centered primarily at 0g. This slight tipping is likely due to rigging strings being crossed or due to the accelerometer not being perfectly centered. When the payload lands, its landing angle can also be observed, which is consistent with video footage of the flight.

The most significant feature of these data is the first and largest spike. The violent turbulence which caused the spike actually ripped off the antenna from our GPS tracker, and the swinging and twisting can even be seen in the flight videos. The oddest aspect of the spike is that the acceleration jumps to greater magnitudes than it does at burst, which is usually the most turbulent part of the flight. These data peaks also lines up with Micromag data which spikes several times due to the swinging.

HOBO
The HOBO we included in our payload measured the internal temperature of the box, the relative humidity, the outside temperature via a connected temperature probe placed outside the box.  Through these sets of data we were able to compare conditions from throughout the flight to the time.  We also compared them to the altitude associated with the part of the flight from data gathered from altitude sensors that accompanied the flight.
[image: image21.png]Alitude (Feet)

50000

67500

45000

22500

2:00:00

Altitude vs. Time

10:00:00

11:00:00
Time

12:00:00

13:00:00




Internal Temperature

Internal temperature initially increased at the beginning of the flight as a result of the heater working well and the higher temperatures closer to the ground.  Once it reached about 23,000 feet it started to decrease until around 70,000 feet when we see a slight rise in internal temperature because of the slight rise in temperature in the stratosphere.  After burst and a part of the fall that stayed relatively constant we see a continued decrease until about 22,000 feet.  After this the temperature rises until landing and continues to rise as the heater maintained power, nearing 100 degrees at its peak temperature on the ground before retrieval.
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Relative Humidity

We saw relative humidity start at the highest point it would be at for the duration of the flight.  The graphs show a steep decline in relative humidity throughout the first 60,000 feet, where it then changes and humidity rises until burst.  The same pattern is followed on the descent, but at a slightly lower percent of relative humidity.  This is a result of change in location and a later time in the day.
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External Temperature

In external temperature we see a very steep decline after the flight begins until about 45,000 feet in which it drops from near 40 to -70 degrees Fahrenheit.  From 45,000 feet until burst temperature rises, approaching -20 degrees at the peak.  Like relative humidity, it follows the same path as before on its descent, with temperatures slightly higher because of the later time in the day, ending in the mid 40’s.

Weather Station
The weather station we attached to our payload didn’t work accurately in flight so we were unable to use data from it.  However we analyzed data from a flight done for Battle Creek school, which was flown on the same day at very close to the same time, making data relatively similar to that which we would have obtained had our weather station worked.  It took data from the external temperature, pressure, and relative humidity.
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With external temperature we see results that are almost equivalent to the temperature taken by our HOBO.  This represents the typical temperature conditions seen with a flight.  The temperature decreases until a certain point, then warms back up until burst.  The same pattern is followed in reverse on the descent.
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With pressure we see a very steady decrease in pressure from the beginning of the flight until burst, and a slightly faster descent.  Notice that the flight starts near 1000 millibars or 1 bar, the standard gravity on the surface of earth, and approaches zero by its peak.
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With relative humidity we see similar results as from the HOBO, however the results from the weather station seem very jumpy.  We see the typical steady decrease, however the second half of the flight is relatively scattered.  If you notice the bar on the bottom, those represent dropped signals that were unreadable.

Arduino
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This is a graph of the Data collected from the z axis.  It is plotted against altitude.  Around 70,000 feet, we see the graph expand on the top and bottom.  We believe this is due to the turbulence experienced during the ascent.  We assume this because if we hide the data from the ascent and only show the descent, we don’t see the extended parts.  Another reason we expect it to be because of the turbulence because, if you look at the upper left, that clump of data is from the box laying on its side.  This leads us to assume that the higher and low values are when the box was swinging from one side to the other, making it almost completely sideways.
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This is a graph acquired from the y axis.  It is shown here plotted against time.  We can see that, on top, it is generally a straight line.  This is because the y axis was used to judge whether the box was vertical.  We do see at points though, that the value would drop significantly.  This occurs at two points, along with at the beginning.  The beginning is when the box was on its side, so we are using the same theory as before, that the first time we see it dip is when we experienced the turbulence that would swing the box so it was almost completely on its side, or more.  The second drop we see is from the burst event.  We can see that this was not as violent as the turbulence experienced on the rise up seeing as how the values remained higher with less points differing from the main line.
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This is the data from all three axis put into an equation that will decide its position from the original point.  This is an interesting graph.  Seeing as how we moved not only up in the atmosphere, but changed longitude, we can expect some change in the magnetic orientation.  We can see in this graph the consistent parts of the others, the spikes and dips from our turbulence and burst.  However, we also see some change in the early parts of the flight.  On the upper part of the data, we can see what looks like a positive slope all the way to the point where turbulence was reached.  Also, on the bottom part of the data it appears that it has a negative slope continuing until the turbulence was reached.  This leads us to one of two conclusions.  First, it may be a hint that the magnetic field was weakening in strength as we rose, seeing as how the bottom and top do not have both either a positive or bot a negative slope.  This caused the readings to become more inaccurate, and possible cover a larger range to make up for error.  This would prove our hypothesis.  Or the second conclusion this may give us is the data similar to the accelerometer.  The swinging of the box got crazier and crazier all the way until the turbulence.  This may show that our payloads were very uneven, causing the turbulence from our flight.  As a result however, because accelerometer data is similar in sorts the our Micromag, we do not have enough information to prove the magnetic field is lessening in strength.
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This is the Y axis data again, except this time, it is against altitude.  This graph again shows what appears to be a more random gathering of data at higher altitudes.  At the earlier parts of the flight, it seems like the data is covering about half of the distance between the 50 line and 100 line, whereas towards the top, it appears to have covered almost the entire distance from the 50 line to the 100 line.   This is more evidence to the idea that the turbulence was caused by increasing swinging and movement by the payloads.
Spectrum
With our spectrum project we were looking to see whether we could obtain a wider range of colors from the spectrum as we got higher in the atmosphere.    In the first picture, taken at ground level, we see a very scattered spectrum.  The second picture was taken shortly after taking off.  The spectrum is already fuller.  The third picture was taken high in flight and shows a wider range of colors.  This experiment could be done again, with a more controlled light source, such as a smaller opening and black insides for the tube, to possibly obtain better results.
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11.0  Conclusions and Lessons Learned
We have many conclusions based on our data.  The first conclusions formed are from our Accelerometer and Micromag.  We observe that there appears to be more and more total acceleration as we reach higher levels in elevation.  This implies that the ascent wasn’t as calm as many other flights.  Next, we used the information from the Accelerometer when examining the Arduino.  The Arduino appeared to give us data pointing us to the idea that appeared to say that the magnetic field was weakening.  However, our data that was reached appears to be because of the changes in acceleration throughout the flight.  This caused our payload to swing to and fro, and this explains our apparent larger assortment of values at higher altitudes.  Our conclusion then from our Micromag is that the magnetic field did not weaken by a measurable amount when we reached the highest point in our flight.

We have reached other conclusions based on atmospheric conditions.  The temperature gradually decreases as we rise in the troposphere.  However, entering the stratosphere where the ozone layer exists creates conditions that force the temperature to rise as we increase in altitude.  The relative humidity also decreases as rise in the troposphere, then increases as we enter the stratosphere and the temperature rises again.  We were then able to conclude that as the temperature rises or lowers, that our relative humidity will follow in the same direction.  We are interested as a team to see if this pattern would be consistent  throughout the rest of the atmosphere.  Our last conclusion is that the pressure decreases exponentially as we get higher in the atmosphere.
12.0 Appendix: Program Listings

Include printouts of the the programs used in your flight computer(s) and your still camera (if you used one).  With each program include a brief (no more than 1 paragraph) description of what the program actually does.  The program(s) should have internal documentation (comments) as well.  (Rev C)
Camera Code

This camera code was used to program a Canon PowerShot A570 IS still camera to take pictures through our diffraction grating rig. It programs the camera to take a picture approximately every thirty seconds, although a slight error makes the interval minutely inconsistent. The camera was turned on, initiating the code, soon before the payload box was sealed for flight.

rem Interval shooting

rem For Canon A570IS

rem CAMERA MUST BE IN AV (aperture priority mode)

rem For 3 hour MNSGC flight photo every 30 seconds

@title MNSGC Intervals

@param a Shoot count

@default a 360

@param b Interval (Minutes)

@default b 0

@param c Interval (Seconds)

@default c 30

d=1000

rem reset camera

sleep d

click "menu"

sleep d

click "right"

sleep d

click "up"

sleep d

click "set"

sleep d

click "right"

sleep d

click "set"

sleep 3000

rem set menu values

sleep d

click "menu"

sleep d

click "down"

sleep d

click "down"

sleep d

rem Digital Zoom off

click "right"

sleep d

click "down"

sleep d

click "down"

sleep d

rem Red-Eye off

click "right"

sleep d

click "down"

sleep d

rem Safety FE off

click "right"

sleep d

click "down"

sleep d

rem set MF-Point Zoom off

click "right"

sleep d

click "down"

sleep d

rem Safety MF off

click "right"

sleep d

click "down"

sleep d

rem AF-assist Beam Off

click "right"

sleep d

click "down"

sleep d

rem Review off

click "left"

sleep d

click "down"

sleep d

click "down"

sleep d

rem IS Mode = Shoot Only

click "right"

sleep d

click "menu"

sleep d

rem set apeture to 2.5 by overkill

for n=1 to 10

   sleep d

   click "left"

next n

rem select manual focus

sleep d

click "down"

sleep d

click "down"

sleep d

click "down"

rem set focus to infinity

for n=1 to 10

   sleep d

   click "right"

next n

t=b*60000+c*1000

if a<2 then let a=10

if t<1000 then let t=1000

print "Total time:", t*a/60000; "min", t*a%60000/1000; "sec"

sleep 3000

click "display"

click "display"

shoot

for n=2 to a

    sleep t

    shoot

next n

end

BSE

The Balloon SAT Easy flight computer was programmed to collect and store data from several sensors: an external temperature probe, a relative humidity sensor, and a pressure sensor. The data was both logged in the flight computer and sent to the ground through a Zigbee radio. The BSE was turned on before the payload was sealed for flight.

symbol record=w0

symbol index=w1

symbol value=b4

BalloonSat:

  symbol Max_ADC = 2                     

  symbol Mission_Delay = 15000         

Mission_Prep:

  i2cslave %10100000,i2cfast,i2cword     

  if pin7 = 1 then Download_Data 
     

  sertxd ("Pull pin to take data.",Cr,lf)

flashed:




 

high  3






pause 1000




 

low 3








pause 1000

if pin7=0 then flashed

Mission:


  

  gosub Analog                              

  write 0,record                           

  gosub On_Flash                        

  goto Mission                              

Analog:

  for index = 0 to Max_ADC             

    readadc index,value                

    gosub Record_Data                  

  next                                 

  sertxd (Cr,lf)                         

  return                               

Record_Data:

  if record = 3000 then End_Mission  

  record = record + 1                 

  low 0                               

  writei2c record,(value)               

  sertxd (#value,",")                           

  pause 10                            

  high 0                             

  return                             

On_Flash:


high 3 


pause 1000






low 3 


pause 500


high 3


pause 1000


low 3 


pause 12500

return 

Download_Data:

 sertxd (Cr,lf)  

sertxd ("Download Data",Cr,lf)  

  for record = 1 to 1000  

  
  readi2c record,(value)                       

  
  sertxd (#value,",")                         

  
  record = record + 1

  
  readi2c record,(value)                       

  
  sertxd (#value,",")                         

  
  record = record +1

   
  readi2c record,(value)

    
  sertxd (#value,Cr,lf) 

   next


gosub flasher

sertxd (Cr,lf)  

sertxd ("Download Data",Cr,lf) 

 for record = 1000 to 2000  

  
  readi2c record,(value)                       

  
  sertxd (#value,",")                         

  
  record = record + 1

  
  readi2c record,(value)                       

  
  sertxd (#value,",")                         

  
  record = record +1

   
  readi2c record,(value)                       

    
  sertxd (#value,Cr,lf)                         

      next


    gosub flasher






 

sertxd (Cr,lf)  

sertxd ("Download Data",Cr,lf) 

    for record = 1999 to 3000  

  
  readi2c record,(value)                       

  
  sertxd (#value,",")                         

  
  record = record + 1

  
  readi2c record,(value)                       

  
  sertxd (#value,",")                         

  
  record = record +1

   
  readi2c record,(value)                       

    
  sertxd (#value,Cr,lf)                         

   next


 gosub flasher


sertxd (Cr,lf)  

sertxd ("Download Data",Cr,lf)                  

gosub LT_down

LT_down:


high 3




 


Pause 1000




 


low 3 







pause 500


high 3


pause 1000


low 3


pause 500 


high 3


pause 1000


low 3 


pause 10000

   Goto LT_down 

    flasher:                   

 
pause 1000               

    
if pin7=1 then flasher




    
return 

End_Mission:
 


low 3 





pause 10000




high 3


pause 1000

   goto End_Mission  

  end     
Arduino Code

int SCLKpin = 8;     // magnetometer pin 1

int MISOpin = 9;     // magnetometer pin 2

int MOSIpin = 10;    // magnetometer pin 3

int SSNOTpin = 11;   // magnetometer pin 4

int DRDYpin = 12;    // magnetometer pin 5

int RESETpin = 13;   // magnetometer pin 6

int x = 0;        // magnetic field x axis

int y = 0;        // magnetic field y axis

int z = 0;        // magnetic field z axis

int heading = 0;  // magnetic field heading

void setup()

{

  Serial.begin(9600);

  pinMode(WLED, OUTPUT);  // turn ON the board LED for diagnostics only

  digitalWrite(WLED, HIGH);

  pinMode(SSNOTpin, OUTPUT);

  pinMode(RESETpin, OUTPUT);

  pinMode(MOSIpin, OUTPUT);

  pinMode(SCLKpin, OUTPUT);

  pinMode(MISOpin, INPUT);

  pinMode(DRDYpin, INPUT);

  digitalWrite(SSNOTpin, LOW);

}

void loop()

{

  x = readAxis(0);  // read the x-axis magnetic field value

  y = readAxis(1);  // read the y-axis magnetic field value

  z = readAxis(2);  // read the z-axis magnetic field value

  heading = getHeading(x, y, z);  // calculates the magnetic field heading

  Serial.print("x: ");

  Serial.print(x, DEC);

  Serial.print("y: ");

  Serial.print(y, DEC);

  Serial.print("z: ");

  Serial.print(z, DEC);

  Serial.print("heading: ");

  Serial.print(heading, DEC);

  delay(20000);  // next reading in 20 seconds

}

// specific commands for the sensor

void sendBit(int bit)

{

  // send the bit on the RISING edge of the clock

  digitalWrite(MOSIpin, bit);

  delay(2);

  digitalWrite(SCLKpin, HIGH);

  delay(2);

  digitalWrite(SCLKpin, LOW);

  delay(2);

}

int receiveBit()

{

  // receive the data on the FALLING edge of the clock

  digitalWrite(SCLKpin, HIGH);

  delay(2);

  int bit = digitalRead(MISOpin);

  delay(2);

  digitalWrite(SCLKpin, LOW);

  delay(2);

  return bit;

}

float readAxis(int axis)

{

  // send eight bits, wait until the data is ready then receive 16 bits

  // pulse the reset

  digitalWrite(RESETpin, LOW);

  delay(2);

  digitalWrite(RESETpin, HIGH);

  delay(2);

  digitalWrite(RESETpin, LOW);

  delay(2);

  // send the command byte

  // set the time to read the magnetic sensors (ASIC period) as /2048

  sendBit(LOW);

  sendBit(HIGH);

  sendBit(HIGH);

  sendBit(LOW);

  sendBit(LOW);

  sendBit(LOW);

  // the last two bits select the axis

  if (axis == 0)  // x axis

  {

    sendBit(LOW);

    sendBit(HIGH);

  }

  else if (axis == 1)  // y axis

  {

    sendBit(HIGH);

    sendBit(LOW);

  }

  else  // z axis

  {

    sendBit(HIGH);

    sendBit(HIGH);

  }

  // wait until the DRDY line is high

  while (digitalRead(DRDYpin) == LOW)

  {

  }

  long total = 0;

  // receive result

  // the leftmost bit mark the number as positive or negative

  long sign = receiveBit();

  // the remaining bits are converted to an integer

  for (int i = 14; i >= 0; i = i - 1)

  {

    long thisbit = receiveBit();

    thisbit = thisbit << i;

    total = total | thisbit;

  }

  if (sign == 1)

  {

    total = total - 32768;

  }

  // set and return the appropriate variable

  if (axis == 0)

  {

    x = total;

  }

  else if (axis == 1)

  {

    y = total;

  }

  else

  {

    z = total;

  }

  return total;

}

int getHeading(float x, float y, float z)

{

  float heading = 0;

  if ((x == 0) && (y < 0))

    heading = PI / 2.0;

  if ((x == 0) && (y > 0))

    heading = 3.0 * PI / 2.0;

  if (x < 0)

    heading = PI - atan(y / x);

  if ((x > 0) && (y < 0))

    heading = -atan(y / x);

  if ((x > 0) && (y > 0))

    heading = 2.0 * PI - atan(y / x);

  return  int(degrees(heading));

}                                      
Payload Layout





Styrofoam Shell reinforced with strapping tape





Our BSE Flight Computer





The weather station we created, but were unable to use during flight





Here is the breadboard with the Arduino, Micromag, and memory card attached to it, with the breadboard in place in our payload





Here is our BSE attached to our payload





Our zigbee, hobo, and accelerometer are in place in our payload





The breadboard holding the memory slot, Micromag, and Arduino.
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