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1.0  Introduction
Traditional space flight has, since its inception, been the dominion of governments.  The rockets used by governments to launch their spacecraft into orbit cost millions of dollars and have too many regulations for ordinary citizens to use.  Amateurs with great ideas couldn’t test them out for reasons beyond their control.  
Enter near-space, the amateur’s realm of extra-terrestrial research; the closest many people will ever get to launching something beyond the world they live in.  Near-Space is a region of Earth’s atmosphere, the stratosphere and above, that exhibits similar qualities of outer space.  These qualities include close to zero atmosphere, extreme cold, increased radiation, and very low pressure.  Some experiments that have been sent up already include research on radiation affecting seedlings and insects, research on the effect of atmosphere on the sky’s color, and many other interesting projects. 
For those with low budgets, or the lack of authority, near-space is the next best thing from outer space.  With a simple helium balloon and a fraction of a rocket’s funding, a researcher, amateur, or maybe just an everyday space enthusiast, can send up a small payload filled with sensory equipment to study the effects of space like conditions.   We plan on introducing our own experiments to near-space and explain them in greater detail below.
2.0  Mission Overview

Team BBBBC created a fully functional near-space payload box with five different sensors that recorded the various effects of near-space.  The date of launch was November 1st, 2008.  We attempted to recover data to draw conclusions on the effect of near-space conditions on our equipment and sensors.  

Sending a payload box into near-space ensures that your payload box will go under severe duress.  The extreme cold of near-space is only one of the problems that our payload will encounter.  Since our payload only transmitted its location, we needed a way to safely bring our payload back down to Earth. An important factor that we needed to consider was the heavy turbulence our payload encountered during descent.   

By using a homebuilt heater, we were able to negate the effects of the cold on our payload box and the sensitive equipment inside.  To safely bring our box down, we used a parachute that deployed when the helium flight balloon pops.  For the first part of descent the low atmosphere conditions made the parachute useless, so to lessen the effect of turbulence on our equipment, we strapped everything down inside the payload to reduce the amount of movement that occurs inside of our payload box.

As to the sensors on-board our payload box, they include a temperature sensor, a pressure sensor, seven solar arrays, an audio recording device, and a video camera.  With the temperature sensor, we gathered data about the change in temperature as the payload rises in altitude.  The pressure sensor will helped us discover the effects of altitude on pressure. The solar arrays were used to discover the effectiveness of solar arrays at different altitudes and to relate the voltage input vs. altitude.  The audio recording device was used in conjunction with a siren to see whether or not sound wavelength and frequency changed with an increase in altitude.  The video camera was used to study the rate at which the balloon shredded. Our video of the balloon was also used by team Rockettes to verify the Ideal Gas Law.
3  Payload Design

Our payload needed to be lightweight lest the balloon and all the other payloads weigh more than the allowed amount.  The payload box itself had interior dimensions of 6in.X6in.X6in.  To make our payload box lightweight, yet still able to do an exceptional job of insulating our experiments to the cold, we made our payload box out of a hard, lightweight styrofoam.  

As discussed in our mission plan, we will still needed more than insulation to protect our equipment from the cold.  For that reason, we built a heater pack to warm the interior of the payload box.  For our video camera experiment, we used a DXG DXG-569V 5MPixel HD video camera with a 2 gigabyte SD memory card.  To conduct our solar array experiment, we used seven miniature solar panels connected in series to a HOBO data logger.  We also built a weather station that includes a pressure sensor and a temperature sensor.  For our audio wavelength experiment we used an audio recorder with a separate microphone.  To run the weather station, we built a BASIC Stamp 1 flight computer connected to a switch plate.  This switch plate had an LED to indicate whether the computer is on, and a pull plug to start the recording of the weather station data.  Also included in our payload are two battery packs.  One battery pack powered the heater pack, and the other powered the flight computer.  All other components come with their own power source.
Most of the components in our payload box were separate from each other.  The weather station was connected with the flight computer, and the flight computer in turn was connected to a battery pack and the switch plate.  Data received on the HOBO, video camera, and audio recorder recorded data on their own separate memory storage devices.
	Parts/Equipment List

	HOBO Data Logger

	BASIC Stamp I Flight Computer

	Switch plate

	Battery Pack-3-9 Volt Batteries

	Battery Pack-4-AA Batteries

	6x6x6in Foam Core Payload Box

	7-Miniature solar panels

	Audio Recorder

	Microphone

	Heater Pack

	Weather Station

	Camcorder


Figure 1:
Functional Block Diagram
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Figure 2
Interior Design
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These figures show how the interior of the payload was designed to have looked after construction of the payload.
4  Project Management

Schedule

	Date
	Objective

	11-Sept
	Start Designing payload experiments

	18-Sept
	Build Heating Circuit

	9-Oct
	CDR Presentation and Payload Construction

	23-Oct
	Complete Construction of Payload Experiments

	24-Oct
	Thermal Testing, Finish Revision I of Project Docs.

	26-Oct
	Team Meeting (Continually on Sundays)

	31-Oct
	Complete Building Payload Box and Experiements

	1-Nov
	Flight Day

	6-Nov
	Analyze Flight Data

	7-Nov
	Finish Revision II of Project Docs.

	9-Nov
	Team Meeting

	2-Dec
	Finish Revision III of Project Docs.
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Figure 3
5 Project Budgets
Figure 4
	Group BBBBC Final Cost and Mass Budget Assessment
	
	
	
	

	
	cost
	mass (kg)
	Total Cost
	Total Mass (kg)

	DXG DXG-569V 5MPixel HD video camera with SD memory card
	 $  210.00 
	0.176
	$210 
	0.0176

	External (lithium) battery pack for video camera
	 $    10.00 
	0.080
	 $           10.00 
	0.080

	BASIC Stamp I flight computer and switch plate
	 $    56.00 
	0.063
	 $           56.00 
	0.063

	Battery pack for flight computer
	 $       5.00 
	0.110
	 $             5.00 
	0.110

	Weather station sensor pack
	 $    29.00 
	0.012
	 $           29.00 
	0.012

	6" x 6" x 6" payload box built out of styrofoam
	 $       8.00 
	0.205
	 $             8.00 
	0.205

	Miniature solar panels (A set of 4 in series and a set of 3 in series)
	 $       8.00 
	0.008
	 $           56.00 
	0.056

	HOBO data logger (thermometer and relative humidity sensor built in)
	 $  105.00 
	0.027
	 $        105.00 
	0.027

	HOBO temperature sensor probe
	 $    28.00 
	0.010
	 $           28.00 
	0.010

	Heater circuit and switch
	 $       5.00 
	0.027
	 $             5.00 
	0.027

	Battery pack for heater
	 $       6.00 
	0.150
	 $             6.00 
	0.150

	Microphone Recorder
	 $    45.00 
	0.160
	 $           45.00 
	0.016

	Microphone Attachment
	 $    25.00 
	0.007
	 $           25.00 
	0.007

	Extra Wires
	$ 13.00
	0.400
	$ 13.00
	0.400

	
	
	
	 $        571.00 
	1.397


6 Payload Photographs 
Photoset 1
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Heating Circuit with HOBO



Flight Computer
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Payload Container with Faceplate


Better Shot of HOBO with External Sensor
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7 Solar Panels hooked into Bread Board

Weather Station
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Digital Camera




Digital Audio Recorder with Microphone
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Interior Payload Assembled before Flight

External Payload after flight. Solar Panels 


Includes audio recorder, flight computer

covered with Mylar and a working Faceplate.

switch plate, side view of solar panel (1 of 4),
and the bread board with wires
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External Payload top view with three Solar Panels         External Payload side view with duct tape straps

                                                                              and zip ties
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Interior Payload after flight. Visible are

     Entire Interior Payload after flight. Includes
(from left to right) the flight computer, the 

     heating circuit, HOBO, bread board with wires,
heating circuit, and the strapped down microphone.
     and is missing the camera due to analysis work.
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        Exterior Faceplate after flight with LED

Exterior Solar Panel covered in Mylar

switch, and pull pin
7  Test Plan and Results

Test Plan

In order to ensure a successful flight, we needed to first perform tests on the individual components to ensure correct circuits. This entailed checking circuits against a standard example. After checking the circuits on the circuit boards, and checking for correct connectivity with the wire connections. Once all the circuits had been checked we began testing all of the components individually to see if they performed the functions they will be required to do. With the heating circuit this meant checking that it had a positive heat output. 
We placed a thermometer close to the heating circuit and turned on the switch when it is connected to the batteries. Then we placed the component in a cold environment, by means of liquid nitrogen, and determined it can stand up to the cold of near space conditions. The computer processors needed to be checked for programming errors, and determined it maintains all of the information it is required to and the processes which it is to perform. For other components such as the Hobo we checked that it stores data as we wanted it to. 
With the solar panels we tested, but did not record, for varying voltage output as sunlight intensity changes. We did this by varying the amount of fluorescent light that hit the solar panel. With the microphone it was tested to see if it records the sounds necessary to test for frequency change by putting it next to a siren and seeing if it accurately recorded the frequency digitally to be analyzed by a computer program at a later time. The final test was done on the video camera to ensure optimal quality during flight by testing to see if the batteries will hold up in extreme cold. 

Test Results
Our testing of the payload components did not go entirely as planned.  For our thermal testing of the heater, we were not able to test it fully, because the original plan for the thermal testing with dry ice and the liquid nitrogen did not work for us.  For testing the payload temperature, we used a cold night, and took temp readings from the payload.  This probably was not as accurate as we ever wanted, because it was only able to get to about 20 degrees that night, and so it was not fully tested for the negative temperatures that it would face in near space.  
For the rest of the computers and components, we were able to test them with Professor Flaten.  Our flight computer worked fine when we tested it, and was programmed by Professor Flaten with no problem.  On the other hand, our weather station at first seemed to have a problem taking down the pressure readings when we tested it.  But by sucking on the pressure sensor, we were able to get some data, stating that it was actually working.  When we had to test our pull pin and switch for the flight computer, we realized that the pin was not grounded.  To fix this we had to solder the pin, and connect the two metal pieces.  
One thing that we were not able to test was our solar panels, to see what kind of reading we actually get from them, or to see if they would actually work. For the sound recorder, and the video recorder, we went through both devices and made sure that we knew how they worked and how we were going to turn them both on right before the flight.

Figure 5
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(Temperature reading for the payload box)

This test was conducted to show how hot our heating circuit got over the course of it’s battery life. As can be seen the temperature goes up, and stays there for a couple of hours and then as the battery dies the termperature starts to decrease. We measured the temperature by placing a themometer hooked up to our Hobo next to the circuit.
8  Expected Science Results
In our payload, we were attempting to test several things at the same time.  We aimed at discovering how temperature is affected by altitude up to about 90,000ft, how pressure is affected at the same height and how sound is changed.  Also we had a video camera pointed upwards to see how large the balloon gets as the balloon reaches higher altitudes and to see how the blackness of spaces changes from an upward angle.  Our last goal was to see if a solar panel generates more energy when higher up as opposed to at the ground.  What we expected from these experiments were based mostly on previous science experience and researched based on previous missions similar to ours.  What we initially expected in the temperature and altitude relationships were that temperature falls as altitude increases.  What we discovered after research was that temperature does indeed decrease as altitude increases, but only up to a certain point, roughly 50,000ft and then temperature actually increases with altitude because we have passed beyond the wind patterns and are being warmed by the sun. So it was expected by the group that this would occur in our mission as well.  We also expected that it would be very cold about -50 degreesFahrenheit.  We also expected pressure to fall as altitude increased.  These expectations were based off of Paul Verhage’s Nuts and Volts column in February of 2004 where he included these graphs.

Figure 6
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(Air temperature as a function of altitude)

Figure 7
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(Air pressure as a function of altitude)

These depict exactly what we expected from our flight temperature and pressure-wise.  We also needed to find out how sound was affected by altitude.  The group was unsure exactly how the pitch would change as altitude increased, some of us thought it would increase and some thought it would decrease.  We were sure however, that it would grow increasingly more quiet since there would be less molecules in the air, which is necessary for sound since it is a vibration, something we all learned in our previous science classes.  Aerospaceweb.org answered a similar question about the speed of sound on Mars, but also on Earth.  They came up with interesting data showing the speed of sound being cyclic like temperature, but over a greater range of altitude.

Figure 8
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www.aerospaceweb.org (The speed of sound as a function of altitude)

For our purposes 100,000ft was the extent of the launch so we fully expected the siren to become quieter the higher we got.  It is interesting to note though the cyclic nature of sound in the atmosphere up to 400,000ft.  With our camera pointed upwards we predicted that as we rose in altitude the balloon would become increasingly larger.  We came to this conclusion simply because of the decrease in pressure pushing in on the balloon, leading to its eventual burst. Our last experiment consisted of trying to figure out as we reached higher altitudes if solar panels would be able to absorb more sunlight and therefore produce more energy.  We expected that they would produce more energy, because the panels would be exposed to more sunlight. The reason for this is that less light gets absorbed by the atmosphere at higher altitudes because there is less atmosphere to absorb it. However we were unsure if the solar panels would work in the high altitudes because we did not test for temperature and varying levels of solar radiation. Both of which impact our results.  Our basis of this hypothesis was once again our previous science experience, with less molecules in the atmosphere, there would be less of the atmosphere in the way allowing for the solar panels to absorb more sunlight.  Once we had generated these hypotheses, we were ready to test them.

9  Launch and Recovery

Our flight day began early November 1st, as our course schedule predicted. It was the only day that week that was expected to have decent weather. We all gathered at Akerman Hall of the University of Minnesota at about 6 a.m. and drove out to Wisconsin.


The whole launch procedure went surprisingly well, though it was a little rocky at the start. First of all, we had a couple of repairs to do. Just about all of our Mylar filters on the solar panels had ripped apart, and we had to replace them. That time we actually taped them down with some NASA grade tape. Our next feat was to finish strapping down some of our equipment. Unfortunately, our box was not made of the best material for this. The dense Styrofoam did not allow us to simply tape anything down, nor could we use zip ties, because that would merely tear through the material. What we ended up doing was basically creating MacGyver-style straps using multiple layers of duct tape, running them around the audio and video recorders, and through small slits we had cut in the walls of the box. It was the best that we could do, and it seemed to hold quite well.


Right away we turned on our recording devices. We were under the impression that they could each take ours and ours of recordings, so we didn’t think there was any problem with this, and quite frankly it was our only option because now we needed to seal our box. As I stated before, our chosen material did not give us much help in this matter. Simply using duct tape on the sides of the lid would not work. What we ended up doing is wrapping a long piece of duct tape all the way around the box, along the crack. Then we wrapped another long perpendicular to the first one to provide some extra downward force. This did not exactly seal the box very well, so the next thing that we did was we took the NASA grade tape (which proved to be very effective even on our Styrofoam) and lined the edges of the duct tape. Aside from our little strap slits and the holes for our recording devices, the combination of tapes managed to keep the duct tape on and seal the box completely. (A picture of the sealed box is provided following this summary).


And thus we were ready. As we linked our payload box to the others, the inflation of the weather balloon began. Within minutes, we were all ready to go, and we released the “near-space craft” into the air.


Next was the chase portion of our day. We piled into a van and did our best to follow the craft by tracking it via GPS signals. The craft began moving west for a short time before looping around and heading straight southeast. After about 20-30 minutes of driving, we managed to find it. We arrived at the landing place within 10 minutes of touchdown. The location couldn’t have been more perfect: it happened to land right in the middle of an open field belonging to a farm. While driving down dirt roads, the entire chain of payloads was easily visible as it lay in perfect alignment.


Thus came the long anticipated part of the whole launch: an initial analysis of whether or not things worked. The first and most obvious thing to check for was the effectiveness of our heater circuit and how well the box was sealed. In a less than perfect world, our equipment might have failed under the harsh temperatures that befall the atmosphere at 80,000 feet. Had our heater not worked, or had the box not been properly sealed, the cold temperatures could have frozen our circuits and recording devices. This, however, was not the case. Upon opening the box, the temperature seemed at about equilibrium with its current environment. Nothing was frosted over, and things felt relatively warm to the touch.


The next step was to check whether the equipment was damaged at all. In this regard, some things held up, and some things didn’t. Though there was some damage, the extent of it was not too great. For example, the Mylar filters had all but completely shredded apart. Also, some of our wires were coming apart. This mostly happened to the wires for the solar panels. They ran into a bread board, so it is no surprise that they might have been popping out at some point.


As far as the recording devices go, it was difficult to make an initial assessment. The audio recorder was right where we had put it. However, the batteries were already dead by the time we could collect the payload. As stated earlier, we had been under the impression that we had enough power to record hours of data. The audio recorder itself was supposed to have been able to stay active for almost 24 hours. The fact that the batteries had died lead us to ponder the possibility that the temperature may have affected the equipment after all. It is possible the cold temperatures may have significantly decreased the battery life. At this point, all we could do was hope that it stayed active long enough to get enough of a recording.


The camera had a bit more unique problem. When it was found, it was hanging out of its place (most likely due to the shock from landing). When we tried to observe its records, the entire device was unresponsive. The screen was frozen with a strange white blotch, and none of the buttons seemed to do anything. At first glance, it appeared to simply be broken. But by simply pulling the batteries out and putting them back in, the camera was back to normal operation (in hind sight, it seems a bit strange that these batteries were still operational while the ones in the audio recorder were not). At this point, a new problem presented itself. When we tried to replay the video of the flight, the screen displayed the message “No File Recorded”. Naturally this created a little bit of worry, because the camera was supposed to provide multiple uses, one of which was in connection with the Rockettes’ project. Later, however, Professor Flaten managed to find the video and transfer it to a computer.


From what we could tell, the payload itself managed to hold up very well throughout the flight. There were some minor technical difficulties before and after the flight, most of which were able to be sorted out. The flight went smoothly and landed perfectly. All in all, it was a very good flight.
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We used duct tape to create straps for our audio and 
We only had a small extension for the audio recorder,

video recorders.





and we cut out a small hole for it to poke through so 







thatwe could get a clearer sound.
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We used Mylar filters to cover the solar panels so 
The complete interior of team BBBBC’s payload box.

that they wouldn’t saturate so quickly.
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The completely finished BBBBC Payload.

Inflating the weather balloon.
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Tracking the GPS signal transmitted from the launch 
It landed in an open field without any visible damage.

vehicle.

10  Results and Analysis

This will be the longest section.  After the recovery, analyze your data.  Provide samples of your data and describe what it tells you.  Provide plots when appropriate.  Several all-class charts will be provided for you, such as (a) predicted flight path, (b) actual flight path, and (c) altitude versus time (from which you will be able to extract altitude to correlate with your data, most of which will be time-stamped).  If we end up sharing pressure and temperature data as a class (i.e. if we don’t fly all the weather stations), that data will be provided as well.  Include pictures taken by your camera.  Include representative samples of your data plus thorough analysis of all the data.  Submit a CD with all your data on it, along with the final version of this report (which will only have some of your data in it).  (Rev C)
Pressure Analysis
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Figure 1

As you can see in figure 1, over time, as expected, the external pressure of the payload box decreased.  The actual flight started about 22 minutes after the flight computer was turned on which explains the flat line seen in the beginning of the graph.  At about 105 minutes the balloon reaches its peak and pops.  As the balloon descends the pressure decreases.
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Figure 2

In Figure 2 you can see two lines.  The bottom line shows the ascent of the balloon while the top line shows the descent.  The balloon rose slower than it descended so that explains the increase in data points on the ascent compared to the descent.  As you can see from this graph, the change in pressure has an inverse relationship to altitude.

Temperature Analysis
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Figure 3


Figure 3 describes the relationship between the internal temperatures of the payload box versus time.  As you can see, the expected drop in temperature is recorded.  During the ascent the payload reached a minimum temperature of -37 degrees Celsius.  After that time, about one hour after our flight computer was turned on; the temperature began to rise again.  This shows that after that point, the external temperature started to warm up.  At about 110 minutes, the thermometer dips to -60 degrees Celsius.  We believe that after the balloon popped, the payload quickly fell back into the colder part of the atmosphere which explains the -60 degree mark, and also the steep increase in temperature thereafter.  
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Figure 4


From Figure 4, you can see how temperature dips to -40 degrees Celsius and rises again slowly as the external temperature rises.  Once the payload hits its peak however, temperature again dips down low though much more rapidly.  This is due to the fast and violent descent of the payload box.

Flight Path

On the day of the launch, the weather was very nice and hardly had a cloud in the sky.  This was ideal for tracking our balloon and payloads.  One program that we used is a tracking prediction program.  This works by using wind speeds, altitude change, location, and flight time.  This was already figured out in class by Professor Flaten, before the flight.  By doing this we were able to pick our launch position so that we could get a great landing zone.  The way that our actual tracking worked on the actual launch day was with GPS.  Every so many minutes the balloon package sent down GPS coordinates giving us the exact spot of the balloon.  In the end, we were able to recover the balloon and all of the payloads.  The payloads ended up in a farmer’s front lawn in plain view from the road.
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Solar Panels
One part of our experiment that we tested in flight was to see if the voltage input increased as altitude increased.  To do this we used 6 of the same solar panels attached to our payload.  To see if there was a difference in location on our payload to input we had the solar panels in two different series.  Three panels were in series together on the top of the payload, and the others were on the sides of the payload in series.  Both series of panels seemed to be working and taking in data, however, when we went to look at our data the voltage max out right away at 2.845 v.  This was not an expect result because the panels were supposed to have a max of around 5 v.  After testing the panels in the lab under light, we concluded that it was not the panels that maxed out, but was the hobo that was set to max out around 2.845 v.

Video
The video camera we had pointing upwards gave us a good look on how the balloon explodes when it has reached its peak.  Just before popping the balloon reaches a diameter of about 30ft.  Based off this we were able to calculate the speed of the pop.  The pop occurs in a little under a frame, about 1/30th of a second.  This results in a popping velocity of about 900ft/sec.  It appears to rip at a possible weak spot in the balloon and rip outwards from that point as seen in the following screen shots.
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The parachute frees itself from the mess after it comes down and enough air is in the atmosphere to allow it to perform its job.

Audio
Since the file recovered from the camera seems to be incompatible with almost every movie player in existence, it made it extremely difficult to measure the sound difference over time.  We were able to get a rough picture of it by watching the clip though.  Taking the sound at 36:45 as the baseline.  We found that at 45:17 there is some hardly noticeable sound loss.  At about 1 hour there is a noticeable amount of sound loss.  Ten short minutes later the sound is very faded.  At 1:14 the siren is so quiet that the nearby objects hitting our boxes was louder.  At 1:19 it was barely audible.  Once it reaches 1:26 a person has to press his ear into the speaker to here the siren.  At 1:36 it is almost impossible to hear even doing that.  Finally at 1:47 you can no longer hear the siren.  We also wanted to note that at 1:50:16, when the balloon pops, it is very quiet, when, if it were on the ground would have been very loud.

11  Conclusions and Lessons Learned
From the data that we gathered we concluded that for our solar panel experiment that
We had inconclusive data as to the meaning of our data 
because the voltage maxed out at slightly over 2.5v when the panels were rated for 5v output when saturated. After further testing we conclude that it was due to the fact that the HOBO could not accept any voltage higher than 2.485. For the audio experiment we disproved our hypothesis that frequency would 
change as altitude increased. Instead we proved that volume is what decreases as altitude increases. This is because there is less air for the sound waves to travel through. For our video experiment we showed that the burst rate of the balloon was significantly fast reaching velocities greater than 1500 ft/sec as can be best guessed from frame-shots. In our temperature and pressure experiment we showed that temperature primarily decreases as altitude increases up to ~50,000 ft and then begins to increase because less energy is being absorbed by the atmosphere. We also proved showed that pressure is continually decreasing as altitude increases. 
Some things our group learned that were not connected to the experiments were organization, diligence, and communication. We realized the importance of knowing what we were going to do for each step before we began it not only to make it easy to follow, but to relieve stress and last minute work. Diligence also would have helped by us getting work done not at the last minute but a week a head of time, so that if an error were to occur we have time to react. Finally we learned that communication is essential to any group. We needed to stay in constant communication in order for us to know what everyone else was doing, and what each individual was assigned to do. All of these are important lessons learned and are useful in any situation.
Some things that we would have conducted differently would be to do some preliminary testing to see if the hypothesis we are trying to prove or disprove can be extrapolated from the data we collect. Another is to conduct testing on experiments and payload to determine the limits of our experiment before we conduct the experiment. This way we know what we can test for and how accurate our data would be when it was collected. 
Some words of wisdom: Always ask for what exactly is expected of you before you decide to do it. Taking on less is always better than taking on more than you can handle or expected. Always set an alarm for important meetings. No matter how important they may seem you still might forget about them. It takes less work to get something done early, than do get something done late. 

12 Appendix
Appendix – Flight Computer and HOBO summary

BASIC Stamp 1 Flight Computer (Verhage design) code used during GopherLaunch 12
' {$STAMP BS1}

SYMBOL ADC_CS = 5

SYMBOL Clocks = B4

SYMBOL CLK = 1

SYMBOL DATA = PIN2

SYMBOL VALUE = B2

SYMBOL Channel = B5

SYMBOL X = B3

SYMBOL I = B6

SYMBOL ShiftReg = W0

SYMBOL GetMSB = $800

Main:

  'BalloonSat loop will infitiely wait for the balloon pin pull

    BalloonSat:

    DEBUG "  pintest "

  IF PIN3 = 0 THEN BalloonSat

 Mission:

  DEBUG "Mission loop (re)started:"

  X = 0

  GOSUB Analog_IO

  IF PIN3 = 0 THEN End_Mission

  PAUSE 300

  GOTO Mission

  Analog_IO:

  'Start Reading Loop

  FOR I = 0 TO 100

    READ  I, VALUE

    DEBUG VALUE, CR

  NEXT

  'End Reading Loop

  'Being Writing

  FOR X = 0 TO 50 'Each analog probe will store 36 data points

    DEBUG "X = ",X, CR

    FOR I = 1 TO 5

      PAUSE 60000 'wait 1 minute each time through loop above

      'PAUSE 1000 'Pause 1 second only, for testing purposes

    NEXT I

  FOR Channel = 1 TO 2 'Channel dictates which of the three Analog-to-Digital pins is read. The converter itself is connected to pin2 of BS1.

    DEBUG "channel: ",Channel, CR

    'Send_Channel. Clears Analog-to-Digital converter and prepares it for reading

    LOOKUP Channel, ($C,$E,$D,$F),ShiftReg  'Sets which A-t-D Converter pin is being dealt with

    ShiftReg = ShiftReg *256

    LOW ADC_CS

    DIR2 = 1

    Clocks = 4

    'ShiftOut. Continues to prepare Analog-to-Digital converter for reading (via pin 2)

    DIR2 = 1 'Sets pin2 as output

    FOR I = 1 TO Clocks

      PIN2 = ShiftReg/GetMSB

      PULSOUT CLK,10

      ShiftReg = ShiftReg * 2

    NEXT I

    'Read Channel

    'This loop reads a binary number from the analog to digital converter, one clock tick at a time onto pin 2.

    'Value will hold the decimal value which is the voltage at the analog pin

    DIR2 = 0 'Sets pin2 as input

    PULSOUT CLK,1

    Value = 0

    FOR I = 1 TO 8 'Binary to decimal conversion

      Value = Value * 2

      HIGH CLK

      Value = Value + PIN2

      LOW CLK

     ' DEBUG Value, CR

    NEXT I

    HIGH ADC_CS

    I = Channel - 1

    I = I*50+X

    WRITE I,Value

    DEBUG "X= ", X, "I= ", I, "Value= ", Value, CR

  NEXT Channel

NEXT X

End_Mission:

DEBUG "end mission"

END


Once the pin was pulled from the flight computer’s circuit, it became active and began taking its readings. The program above triggered it to take in voltage readings for the temperature and pressure every 5 minutes.


The HOBO, which was programmed by a separate computer, was activated prior to the launch, and did not deactivate until long after the flight was over. Starting at 8:11 am, it began taking reading voltages for temperature and pressure every 7 seconds, until about 12:02 pm.
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