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1.0  Introduction

In the April 2004 issue of Nuts and Volts, L. Paul Verhage writes of how on August 15, 1987, Bill Brown (WB8ELK) launched the first helium weather balloon that had a radio attached to it. The program that Brown operated was an innovative near-space program. Near-space programs operate in the area between Earth and outer space. Near-space programs increase the accessibility of experimentation similar to that conducted by NASA, but they also have limits on how far they can send objects as well as the amount of materials they can send into near-space. Near-space programs help get younger people involved with science and engineering projects, and they also allow experimentation in conditions similar to space without the same cost and safety conditions. 
Experiments that near-space enthusiasts perform include testing and recording atmospheric conditions as well as creating custom apparatuses. Off-the-shelf equipment that near-spacecraft use includes cameras, flight computers, weather balloons, radios, and Geiger counters. Most of these materials will be put into a payload that protects them from harsh conditions as well as difficult landings.  Since near-space projects are simpler than those of other space exploration efforts, they provide an entertaining and educational experience with lower entry requirements. 

AEM 1905: Spacecraft with Ballooning is a freshman seminar at the University of Minnesota organized around the design and execution of an original near-space project. The class will be launching helium weather balloons, and each team will create a payload to perform a variety of experiments. In preparation for this, each team must also design and build their payload.  In the process, the class will encounter a variety of engineering constraints such as weight management and structural integrity.  In addition to technical limitations, the class must also respect legal requirements.  Federal Aviation Regulation Chapter 101 dictates a set of laws for launching projects into near-space. For instance, FAR 101 states that the total weight must be twelve pounds or less and each payload must be six pounds or less. Previous projects have included attempts at verifying gas laws as well as testing the characteristics of building materials for spacecraft.  While the core of the class relates to the development of the payload, skills related to the scientific method and data analysis are also refined.
2.0  Mission Overview
The mission of Team Up, Up, and Away is to conduct experiments regarding the effects of radiation in near-space on bacteria, radiation levels throughout near-space, and the plausibility of using a camera angled at a known degree to judge the distance of an object using a reference position and the altitude of the payload.  In order to carry out these tests, we must create a payload box capable of sustaining bacterial life in near-space conditions; this requires heating elements in the payload box, as well as good insulation for the payload insides.  To test the effectiveness of shielding, we will also need an unshielded control sample of bacteria and several shielded samples.  Other necessary equipment includes Geiger counters to measure cosmic radiation, a camera, and various flight computers to carry out all of our experiments, but due to the mass constraint of one kilogram per payload box, our payload weight must be reduced as much as possible.  To this point, as discussed with Professor Flaten, our payload box is not carrying a camera for our experiment.  This component is being flown as part of another payload.  By not having this instrument in our own payload, we will be able to avoid having too much weight while still being able to gather the necessary data for our experiments to be performed.  

Notably, we will require some commitment outside of the flight window before our results can be termed data.  Soon after the flight, we must isolate and preserve our bacterial samples.  We must also correlate visual data with the approximate position of the balloon.  These are not things that can be directly measured during the flight.  These are likely the most unique parts of our mission.
Overall, our payload will carry our bacteria samples, two Geiger counters, and the required experiments involving the HOBO, flight computer, and weather station, which together will measure temperature both inside and outside the payload box, relative humidity, and air pressure.  From these experiments, we will learn about which types of radiation in near-space are capable of causing mutations in bacteria, we will discover radiation levels at various altitudes, and we will prove the validity of using a video camera angled at a known to judge the distance of an object.
3.0  Payload Design


In order to effectively carry out our desired experiments, there are a number of design requirements.  Our box must have the structural integrity to survive the flight.  In order to achieve this goal, it is built out of sturdy but lightweight Styrofoam.  It must maintain a sufficient internal temperature, both to keep the electrical components operational and also to help keep the bacteria culture within their viable temperature range.  Sealing the sides of the box and including a heater will help us reach this goal. 

With our general payload structure in mind, we have selected electronic and electrical components that will be required.  A HOBO data logger will measure internal and external temperature as well as relative humidity.  This is self-powered.  It will also take in data from two supplementary temperature probes.  Shielded and unshielded Geiger counters will report data using a Zigbee radio.  A weather station feeds external temperature, pressure, and relative humidity data to a powered BalloonSat Easy.  


The flight materials necessary to conduct our bacteria experiment are minimal.  They consist of four petri dishes approximately three inches in diameter.  Two of these dishes will be shielded using varying amounts of aluminum foil.  The remaining petri dish will be unshielded.  These must be on the top of the structure in order to keep the agar from shifting position and also to expose them to the heating elements.  They will be inset into the top panel.  The cultures will be a strain of Serratia that turns white upon mutation.

Our design has several limitations that have significantly impacted our final decisions.  One is the mass constraint of a one-kilogram payload.  To stay under this limit, it was necessary to use solely aluminum shielding rather than heavier but more effective lead shielding.  Fortunately, aluminum shielding should still block ultraviolet, alpha, and beta radiation.  It will be unable to block gamma rays, which constitute a significant portion of cosmic radiation.  
Equipment List

· HOBO Data Logger

· Two HOBO Temperature Probes for Environmental Data

· Powered Heater (resistors in series)

· BalloonSat Easy
· Shielded Geiger Counter

· Unshielded Geiger Counter

· Zigbee Radio

· Petri Dishes with a strain of Serratia
· Securing Materials (Epoxy, Strapping Tape)

· Styrofoam Payload Box

Functional Block Diagram
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Payload Layout
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4.0  Project Management

Organizational Chart
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Schedule
Week of Tuesday, September 27, 2011
· Finish heater circuit
· Make contact with biology department
Week of Tuesday, October 4, 2011
· Weather station and BalloonSat Easy built
· Main payload box constructed
Week of Tuesday, October 11, 2011
· Obtain shielding for petri dishes
· Make definite contact with an advisor within the biology department
Friday, October 14, 2011
· Turn in Revision A of documentation
Week of Tuesday, October 18, 2011
· Structural integrity of payload box tested
· All soldering projects finished
· Complete programming of flight computers
Week of Tuesday, October 25, 2011
· All electronics and bacterial testing completed
· Payload/rigging fully integrated
Friday, October 28, 2011
· Prepare petri dishes with bacteria samples for flight day
Saturday, October 29, 2011
· Attend launch
· Isolate and preserve bacteria samples as soon as possible after flight
Week of Tuesday, November 1, 2011
· Retrieve data from payload
· Begin data analysis
Friday, November 4, 2011
· Turn in Revision B of documentation
Week of Tuesday, November 8, 2011
· Continue work on data analysis
· Create visualizations of data
Week of Tuesday, November 15, 2011
· Prepare final team presentation
· Revise data visualizations
Week of Tuesday, November 22, 2011
· Give Final Team Presentation
· Continue data analysis
Week of Tuesday, November 29, 2011 
· Finish final data analysis
Friday, December 2, 2011
· Turn in Revision C of documentation
Week of Tuesday, December 6, 2011
· Prepare display for public viewing
Tuesday, December 13, 2011
· Give final poster presentation to public
5.0  Project Budgets

	Material/Instrument
	Cost 
	Mass (kg)

	HOBO Data Logger
	$130.00
	0.048

	HOBO Temperature Probe
	$29.00
	0.010

	HOBO Temperature Probe
	$29.00
	0.010

	Heater Circuit
	$5.00
	0.027

	Battery Pack for Heater
	$6.00
	0.150

	Weather Station
	$50.00
	0.015

	BSE Flight Computer
	$50.00
	0.033

	Battery for BSE Computer
	$2.00
	0.046

	1”-Thick Pink Styrofoam
	$8.00
	0.150

	Rigging/Tubing/etc.
	$5.00
	0.050

	Geiger Counter
	$150.00
	0.185

	Shielded Geiger Counter
	$150.00
	0.185

	Petri Dishes w/ Agar
	$9.50
	0.081

	Aluminum Foil Shielding
	$0.34
	0.002

	Total
	623.84
	0.992


After our final weigh-in, our actual payload mass was 0.984 kilograms.  The slight discrepancy could be from calibration of the balance or simply a slight mistake in the estimation of the mass of a component.
6.0  Payload Photographs
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Figure 1:  Assembled Weather Station with Sensors for Pressure, Relative Humidity, and Temperature.
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Figure 2:  Connector Board for Weather Station to Interface with BalloonSat Easy.
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Figure 3:  BalloonSat Easy with Battery Pack, Flight Pin, External Switch, and LED Indicator Light.
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Figure 4:  HOBO Flight Computer with an Additional Temperature Sensor Attached (Two Used in Flight).
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Figure 5:  Finalized Payload.  Visible components include shielded and unshielded Geiger counters, Zigbee radio, heater, heater battery pack, two additional HOBO temperature sensors, and an outward facing still camera.
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Figure 6:  Top View of Finalized Payload.  Visible are four petri dishes.  Two are shielded using aluminum foil and two are unshielded.

7.0  Test Plan and Results

A number of considerations must be taken in designing a test plan for a near-space flight.  In particular, we want to test the functionality of individual parts, the integration of several systems, and the ability of the payload to survive the flight.  In testing flight conditions, we must effectively emulate in-flight turbulence, changes in temperature, and the impact of landing.


Generally, our tests fall into three areas.  The first category of tests assesses the structural integrity of the payload and its components.  The second category evaluates the basic functionality of each component. The third category will test the suitability of our payload and shielding in conducting our central experiment.  Division of the tests into these three categories keeps their desired results clear and simple.

Our first round of tests deals with structural integrity.  The first test is a basic drop test, showing that the shell can survive a fall.  Once this has been verified, the test will be repeated with secured internal components to confirm that they also handle falls as expected.  Finally, after the attachment of rigging, the rigging will be strength-tested to ensure that it will not separate from the payload body.

The second round of tests is intended to verify the functionality and integration of various electronic subsystems.  The weather station and flight computer should be tested for basic functionality through visual inspection and circuit testing using a voltmeter.  Following programming, the various electronic subsystems should be put through a trial run on the ground to verify that data is correctly measured and recorded in a cold environment.

The final category of tests establishes baseline behavior for the bacteria used in the experiment.  Using a directional source of known radiation levels, one can see how effective the shielding should be in preventing mutation.  Lastly, once the box is fully assembled, it should be placed into a near vacuum to test its performance in temperature extremes.  While this is useful for ensuring the functionality of electronics, it is even more important to prove that the bacteria samples remain within the range of acceptable temperatures.
A. Structural Integrity
a. Drop tests
b. Yank tests

B. Functionality Testing

a. Weather Station/BalloonSat Easy correctness

b. Cold soak

c. Geiger counter operation

d. Zigbee operation

C. Biological Testing
a. Bacteria reaction to radiation

b. Bacteria cold survival

















Overall, our tests were quite successful.  The tests we were able to perform yielded favorable results that necessitated minimal modification to our payload.  Unfortunately, the tests we were unable to perform all pertained to the mutative and survival characteristics of the strain of Serratia used in our experimentation.

The first test we performed was a drop test. To perform this test, we weighted our empty payload shell with sand and threw it down a flight of stairs several times.  From this, it sustained damage only in the form of a small cosmetic crack.  Since this crack did not compromise the integrity of the Styrofoam, we did not find it necessary to make any modifications to our payload shell.  We were unable to perform a second drop test with internal components, but we are confident that the combination of zip ties and Velcro could secure them adequately.  We base this belief on the knowledge that these methods of securing internal components have held up in numerous prior flights.

After attaching rigging and finalizing our payload, we performed a yank test.  The payload was dropped from an elevated height and caught by the rigging several times.  The rigging itself was not damaged, and none of the internal components became displaced.  We made no changes to the payload following this test.


The first functionality test we performed verified several aspects of the weather and BalloonSat Easy.  First, it tested whether the sensors on the weather station could be manipulated to produce a change of results.  In the case of the pressure sensor, this was accomplished by sucking on the sensor.  In the case of the relative humidity sensor, this was accomplished by breathing into the surrounding area.  In the case of the temperature sensor, one can simply touch the sensor.  In all three cases, we saw responses that matched our expectations.  Next, we tested the BalloonSat Easy operation by shutting down the flight computer and attempting to download the data.  Again, this was successful.
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Figure 7:  Weather Station Data Obtained from Interfacing with the BalloonSat Easy.

Our next task was to test both our HOBO and the thermal retention of our payload box.  In order to do so, we turned on the HOBO and heater inside our box and left it in a room temperature environment for a period of time.  Then, we placed the entire sealed payload inside a special designed box.  This box was chilled using dry ice and several fans.  We then retrieved the box and read in data.  We found that our HOBO was operational and that the box was effective at maintaining an elevated internal temperature.  We did not change our design significantly.  We did elect to line the top our payload in tin foil in an attempt to conduct heat away from the heater to the bottom of the petri dishes.
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Figure 8:  HOBO Data Obtained from Payload Following Cold Soak.

Outside of our time commitment, Professor Flaten verified the functionality of the two Geiger counters as well as their ability to report data using the Zigbee radio.  In particular, the success of the Zigbee was critical to the retention of data.  In both cases, the equipment functioned as intended.

Unfortunately, the two tests we were unable to perform were to establish the baseline reaction to various types of radiation of the bacteria and the bacteria’s cold survivability.  Ideally, we would have not had to omit these tests.  However, there are a number of reasons why we are still comfortable in going forward with our experiment.


We did not perform any test regarding the bacteria’s reaction to certain types of radiation.  The only directional radiation source that would potentially be available on campus uses only alpha radiation and was not available for our usage.  Even if it was, this still would not account for beta or gamma radiation, and it does not even address light radiation like ultraviolet.  This does not concern us to a great degree because we are dealing with mutation on a more qualitative level.  We are only visually inspecting the bacteria after flight for changes in pigmentation.  We also know from our faculty advisor that the bacteria will mutate when exposed to cosmic and ultraviolet radiation.  At a minimum, because we are flying both shielded and unshielded Geiger counters, we will at least see whether the tin foil will block a noticeable amount of ionizing radiation.

We were also unable to test the resilience of our bacteria to extreme temperatures.  This was due to our inability to obtain early bacteria samples from our faculty contact.  This does not invalidate our plans for several reasons.  First, according to our faculty contact, we know that the bacteria prefer temperatures from 5 to 40 degrees Celsius.  We can aim for this as the temperature range of our payload.  We also know others have flown this type of bacteria before now.  Even if the bacteria die due to temperature extremes, we will be able to advance future engineering efforts because of our inclusion of numerous temperature sensors.  This will give us a better sense of the thermal characteristics of our payload and guide us in the design of future heating systems.
8.0  Expected Science Results

Our first category of results has to do with atmospheric conditions.  These are measured by the weather station connected to the BalloonSat Easy.  In the case of temperature, we expect to see it decrease until it reaches approximately -70 degrees Fahrenheit at thirty-five thousand feet.  Then, we predict a slight increase in temperature at altitudes above seventy thousand feet.  For air pressure, we expect a curve that looks to be a function of exponential decay approaching zero.  Generally, we expect relative humidity to decrease with altitude.  This is more unpredictable because of cloud layers and daily weather fluctuations.  For this reason, a clearer assertion cannot be made. 
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Figure 9:  Graph of Temperature Data from http://www2.avs.org/chapters/nccavs/pdf/AtmPres_at_Diff_Altitudes.pdf
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Figure 10:  Graph of Pressure Data from http://www2.avs.org/chapters/nccavs/pdf/AtmPres_at_Diff_Altitudes.pdf

Our next category of data is going to be HOBO reports of three temperature sensors and a relative humidity sensor.  One of the temperature sensors is within the HOBO itself, one is affixed under a petri dish, and one is affixed on top of the petri dish.  In this case, our expectations come from our cold soak.  We noted that the box retained an elevated temperature compared to the external environment.  Consequently, we expect to see a temperature gradient where the internal temperature is highest, the sensor on the inside of the lid is slightly colder, and the temperature on top of the lid is even colder.  All three readings should increase and decrease as the temperature of the external environment increases and decreases.

The final form of quantitative data we will be receiving is readings from the Geiger counters.  We expect to see an increase in radiation levels during the ascent.  The rate of increase should be greatest from 30,000 to 60,000 feet and will start to level off soon after.  We do not expect to see a substantive difference between the readings from the shielded and unshielded Geiger counters because the tin foil will not block the high levels of gamma radiation.  
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Figure 11:  Graph of Radiation Levels at North 70 Degrees Latitude during the Solar Minimum from http://www.swpc.noaa.gov/info/RadHaz.html

It is difficult to make predictions about the quality of data for our camera experiment.  We are attempting to establish and verify relationships between the angle of the camera, distance to known landmarks, and altitude of the payload.  As long as there are records of altitude during the flight and operational cameras taking pictures in high enough resolution to identify landmarks, we should be able to complete these experiments.  We believe we will have to review significant amounts of camera data to complete this analysis.


Because it is generally difficult to expose biological samples to extreme environments, we are unsure whether our bacteria will survive.  Since our faculty advisor informed us that Serratia will mutate when exposed to either cosmic or ultraviolet radiation, we will likely see approximately equal amounts of mutation in the shielded and unshielded samples.  This will be visible through a shift from red to white pigmentation.  Unfortunately, there are also additional unknowns.  Serratia cultures could also fail to take, meaning that the bacteria were never alive to be exposed to extremes.  We will not know whether this happened until we compare the growth of ground controls to the growth of samples flown on our payload.
9.0  Launch and Recovery

On the morning of October 29, 2011, we finalized our payload and loaded several vans with the class’s payloads and launch supplies.  This fleet of vans left the campus of University of Minnesota-Twin Cities and drove to the campus of Gustavus Adolphus College in St. Peter, Minnesota.  This college campus was used as the launch area.  

Upon arriving, we first placed the bacteria samples within the top of the payload shell.  While doing so, the bacteria sample controls were kept nearby in order to expose them to the same environmental conditions.  Unfortunately, the temperature that day was very low. The process consisted of placing the petri dishes within the shell, labeling both them and the shell according to their orientation and position, and securing them using strapping tape.  Once these bacteria samples were placed, we moved our payload to the staging area in order to prepare it for connection to the stack.

Meanwhile, other students and volunteers inflated the flight’s balloon.  The specific type of balloon had never been used before by AEM 1905 and was intended to last up to heights of 100,000 feet.  The balloon inflation went smoothly, and the payload stack was fully assembled and rigged together.  The rigging process involved tying the key rings of each individual payload to the strings of the next payload, giving them four areas of support during flight.  We activated the weather station and camera, and our HOBO had already activated as programmed and begun collecting data.  At this point, the class slowly and incrementally released the payload stack and allowed it to ascend.  The launch occurred at 9:31 am.

Following the release of the class’s balloon, some members immediately left to track it.  The remaining members prepared and released a balloon and payload stack for a middle school.  Once this was completed, all members left to begin tracking both balloons.  The staggered departure of the vans meant that some members would likely reach the stack first, but frequent communication is necessary to correctly locate and retrieve a payload stack.  
Initially, the tracking of both balloons went very smoothly.  A strong signal was maintained for much of the ascent.  At approximately 70000 feet, however, contact was lost with both balloons.  We were able to reestablish contact with one of the two systems on the second balloon, but our class’s balloon lost its tracking.  Later, when viewing the data after the flight, it became apparent that this interruption was due to an unusually violent spot in the ascent.  An unknown atmospheric phenomenon caused the payload stack to swing violently.  This motion was enough to rip the antenna off one of the transmitters.  This made retrieving our balloon very difficult.
Once we reached the expected landing area based upon path calculations, we attempted to reestablish contact with the transmitter.  At a few points, it seemed as if transmissions received, but these were of questionable quality and unknown value.  In order to retrieve the payload stack, the class split up and closely surveyed the predicted landing area.  This involved both driving and walking while attempting to make visual or auditory contact with the buzzer on the payload.

These attempts were ongoing for many hours, yet we failed to retrieve the payload within that time frame.  In order to return home on time, the bulk of the class left while Professor Flaten and one student stayed to continue searching for the payload.  

Shortly thereafter, the payload was retrieved slightly south of the town of Hollandale, Minnesota.  It landed in the middle of a field and was barely visible from the road.  At this point, the payload stack was collected and returned to the University of Minnesota-Twin Cities campus.  There was no obvious structural damage to the entire stack; each payload stayed connected and all components were retrieved.  One of the transmitters had lost its antenna, explaining why it stopped transmitting during the flight.

Team Up, Up, and Away’s payload was collected in satisfactory condition.  Each of the petri dishes stayed onboard and was immediately removed and stored for observation of bacterial growth.  The HOBO and Geiger counters appeared intact.  A small stick punctured the payload shell, but it missed all of the vital internal components.  Unfortunately, the connector for the weather station detached from the BalloonSat Easy during the flight.  As a result, no data could be collected.
In summary, the launch proved to be successful.  With the exception of the communication problems, the flight proceeded as desired.  Its total length was approximately one and a half hours, with the balloon reaching a maximum altitude of approximately ninety thousand feet.  This is lower than we anticipated, but on par with the performance of other balloons used in the past.
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Figure 12:  A Top View of the Payload Before Flight
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Figure 13:  The Internals of the Payload Before Flight
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Figure 14:  Inflation of the Balloon
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Figure 15:  Assembly of the Payload Stack
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Figure 16:  Ascension of the Payload Stack upon Release
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Figure 17:  The State of the Payload Stack upon Recovery
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Figure 18:  Team Up, Up, and Away's Payload upon Recovery

10.0  Results and Analysis

Analysis of the Flight


We first considered our flight path.  As presented in the picture below, the blue line is the flight path for which we have recorded latitude and longitude.  The green line is an extrapolation with a green x located at the landing area.  This estimated portion is necessary because of the failure of the tracking system at approximately seventy thousand feet. Our landing site is approximately where we estimated it to be.  There were no major deviations or irregularities for the flight path, and it is as expected for the weather conditions on launch day.
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Figure 19:  Mapped Flight Path
Next, we can look at the altitude throughout the flight.  We expect to see an approximately linear ascent phase followed by a curved descent phase as a result of the parachute’s increasing effectiveness during descent.  This shape is indeed shown in the graphs.  Due to the failure of the tracking systems into the flight, we lose altitude data at approximately 70000 feet and must fit a curve to the data.  As can be seen, however, the entirely estimated altitude over time and the combination of real and estimated data appear quite similar.  Our altitude fit is good.  If we had data for the entire ascent, we might have been able to see two distinct, approximately linear phases.  Given our limited set of data, however, this is not possible.  
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Figure 20:  Estimated Altitude throughout the Flight

[image: image25.png]Altitude (ft)

100000

GL45A: Altitude vs Time
(real and estimated data)

90000

80000

70000

60000
50000

40000
30000

20000
10000

0

8:52 AM

9:21 AM

9:50AM  10:19AM 10:48 AM 11:16 AM
Time

@ Measured
Data

BEstimated
Data





Figure 21:  Measured Altitude Data Combined with Estimated Data

Bacteria Experiment

Following the balloon flight, we observed both our flight and control petri dishes for a period of five days.  The success of this experiment was uncertain from the start.  Given that we prepared the samples the afternoon before the flight, there was the possibility that we might detect small bacteria colonies as soon as the morning of the flight.  We did not see any that morning; this raised early concerns about the viability of the bacteria.

We saw no growth of bacteria in the flight or control petri dishes.  Surprisingly, the petri dishes left in the lab as further controls showed successful growth.  From this, we must conclude that the temperature during preparation of the flight was low enough to kill the bacteria inside the petri dishes.  This is quite unexpected; while there was a strong possibility that the temperatures during the flight would kill bacteria colonies and prevent them from displaying mutation, we did not expect this to happen to the controls.  


A comparative analysis of the visual appearance of the three sets of petri dishes is possible.  The unshielded and shielded petri dishes from the flight showed mold growth after five days but no colonies of bacteria.  The ground controls similarly showed bacteria, but there was no mold growth.  This suggests that the flight petri dishes may have been exposed to moisture and the environment during the flight or landing.  Lastly, the lab samples showed uniform red growth, as expected for the non-mutated Serratia strain in use.  No conclusions can be reached about whether shielding would effectively reduce mutation rate from these petri dishes.  We can make no assertion of the truth or falsehood of our expectation that mutation would not be significantly reduced.
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Figure 22:  Unshielded Petri Dishes Five Days After Flight
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Figure 23:  Shielded Petri Dishes Five Days After Flight
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Figure 24:  Unshielded Control Petri Dishes Five Days After Flight
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Figure 25:  Shielded Control Petri Dishes Five Days After Flight

HOBO Experiment


The first important HOBO experiment was the temperature of the box over time.  As can be seen, the temperature decreased until launch because the box was outside and unheated.  After launch, it continued to decrease until burst.  It decreased further, and then it began to increase again about halfway through descent.  This is the approximate shape we expected to see.  It will continue to decrease during the entire ascent because even when the external temperature rises, the environment is still colder than the box internals.  The main unexpected feature of this graph is that the temperature reached as low as almost 0 degrees Fahrenheit.  This is lower than what we expected from the cold soak, but it may have been because the heater was located at the top of the payload, further away from the HOBO’s internal temperature sensor.
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Figure 26:  Internal Temperature of the Payload Box Throughout the Flight

We also included several auxiliary temperature sensors.  The first of these was placed directly below one of the petri dishes.  As can be seen, it holds approximately the same shape as the internal box temperature for comparable reasons.  We did not expect, however, the temperature below the petri dish to drop so significantly (approximately 20 degrees Fahrenheit) below that of the internal HOBO sensor.  We believed that since it was still inside the box and close to the heater, it would have the same thermal performance.  It appears that its proximity to the cold external environment in a non-airtight payload resulted in a significant temperature drop.  With temperatures far below freezing, it makes sense that our bacteria did not survive.
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Figure 27:  Temperature Below the Petri Dish Throughout the Flight as Measured by Temperature Probe


Lastly, we flew a temperature sensor above a petri dish wrapped inside the tin foil shielding.  We expected the readings of the external sensor to exactly parallel that of the actual atmospheric temperature, as tin foil should provide no significant insulation.  This expectation was met.  The temperature decreases after launch until about halfway through the ascent, rises until burst, and then repeats the pattern in reverse.  Again, the top of the petri dishes was too cold to sustain Serratia, reaching temperatures as low as 40 degrees Fahrenheit.
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Figure 28:  External Temperature as Measured Throughout the Flight by External Temperature Probe


The final HOBO measurement is relative humidity.  It confirms our expectation that relative humidity will generally decrease until burst and then increase during descent.  It provides some more definitive information as well.  Relative humidity decreases sharply during the initial ascent, approaches zero toward burst, and increases sharply during descent.
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Figure 29:  Relative Humidity Throughout the Flight as Measured by HOBO
Table 1:  A Representative Sample (every 10 minutes) of HOBO Data
	Time
	Box Temperature (Degrees F)
	Relative Humidity (%)
	External Temperature (Degrees F)
	Temperature under Dish (Degrees F)

	9:30:00 AM
	40.392
	49.242
	36.554
	40.764

	9:40:00 AM
	42.708
	21.274
	21.295
	32.841

	9:50:00 AM
	39.173
	11.63
	-6.201
	13.082

	10:00:00 AM
	31.743
	5.392
	-28.937
	2.838

	10:10:00 AM
	24.012
	2.368
	-19.127
	4.957

	10:20:00 AM
	20.217
	2.593
	-11.781
	1.252

	10:30:00 AM
	20.044
	2.524
	-2.63
	6.586

	10:40:00 AM
	14.949
	1
	-39.53
	-24.008

	10:50:00 AM
	2.39
	5.883
	-3.458
	-1.012

	11:00:00 AM
	13.082
	74.309
	38.179
	31.087


StratoStar Experiment

For our analysis of atmospheric conditions, we used the StratoStar data due to the failure of our weather station and BalloonSat Easy pair.  This does not alter any of our expectations for our science results.

The first major component of StratoStar data is the external temperature against time.  It displays the characteristic curve expected when moving up through the atmosphere.  It decreases for approximately the first half of ascent, rises slightly until burst, and repeats the pattern in reverse during descent.  The StratoStar shows no deviations or unexpected readings in the data, and it is exactly what we expected to see.  As was noted earlier, the shape is quite similar to that of the temperature sensor on the top of a shielded petri dish.  The temperature drops only a few degrees lower than this tin foil-wrapped sensor.
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Figure 30:  External Temperature Against Time as Measured by StratoStar

The next piece of data is the internal temperature of the StratoStar unit against time.  Since we did not expect StratoStar data, we had no predictions about the results of this sensor.  It indicates that the temperature decreased until about halfway to descent, leveling out for a short period before burst.  It is clear that the unit has effective insulation and perhaps a small heater, as there is a small rise in temperature immediately after launch.  This bump suggests the presence of some form of active heating.
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Figure 31:  Internal Temperature of the StratoStar against Time

The final set of data obtained from the StratoStar data is relative humidity against time.  This serves as a confirmation of the relative humidity curve obtained from the HOBO unit, with the same general shape and similar readings.  Unlike the HOBO unit, it confirms some of our expectations about the unpredictable nature of relative humidity.  About halfway through descent, there’s a period of rapid rise in relative humidity.  This quick spike probably indicates the presence of a cloud layer.
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Figure 32:  Relative Humidity of the StratoStar against Time
Table 2:  A Representative Sample (every 10 minutes) of StratoStar Data 

	Time
	Relative Humidity (%)
	Pressure (PSI)
	External Temperature (Degrees C)
	Internal Temperature (Degrees C)

	9:30
	50.28125
	14.31194405
	3.70546875
	15.42421875

	9:40
	15.38541667
	9.612008427
	-1.665625
	16.40078125

	9:50
	14.34375
	5.460703418
	-13.87265625
	13.959375

	10:00
	10.56770833
	2.680974953
	-29.49765625
	6.63515625

	10:10
	8.744791667
	1.071658474
	-32.915625
	-0.20078125

	10:20
	6.791666667
	0.413301732
	-23.63828125
	-1.665625

	10:30
	5.619791667
	0.285287921
	-29.49765625
	-2.15390625

	10:40
	5.229166667
	3.247893258
	-50.49375
	-3.13046875

	10:50
	21.50520833
	8.313582631
	-22.1734375
	-8.98984375

	10:58
	66.6875
	13.85475187
	-2.6421875
	-4.5953125


Geiger Counter Experiment

As a check or verification for bacteria mutation, we flew shielded and unshielded Geiger counters.  We expected no measurable difference between the data from these two Geiger counters, as the tin foil would not provide shielding against cosmic radiation.  This expectation was confirmed.  The unshielded and shielded Geiger counter readings are intertwined throughout the entire flight.  Both Geiger counters show the expected shape, with the sharpest rise in radiation occurring in between 40 and 60 thousand feet.
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Figure 33:  Geiger Counter Readings from Two Counters Flown
Table 3:  A Representative Sample (every 10 minutes) of Geiger Counter Data
	Time (min)
	Altitude (ft)
	Unshielded Reading
	Shielded Reading

	0
	884
	2
	2

	10
	16244
	2
	0

	20
	31604
	14
	11

	30
	46964
	33
	43

	40
	62324
	56
	73

	50
	77684
	73
	77

	60
	70811
	64
	62

	70
	33461
	23
	22

	80
	11911
	4
	9


Camera Experiment


The camera picture data is definitely of potential value.  If there is enough data amassed, valuable relationships can be devised between altitude, the latitude and longitude of two positions, and the horizontal angle.  The horizontal angle could be found with some sort of astrolabe apparatus and correlated to camera tilt.  The method is most effective when the reference point is in the center of the camera image.  During this flight, our known values were altitude and the latitude and longitude of the balloon and a reference position.  Then, using the tangent function and the haversine formula, we were able to calculate the angle below the horizontal at which the camera was pointing.  We initially planned on having a known angle to check with our calculations, but we were not able to fly a camera at a known angle and carried out the work as a proof of concept.

Generally, as the altitude of the balloon increases, we see an increase in the angle at which the camera is pointing for our reference pictures.  This makes sense, as a closer, clearer landmark will be visible when the camera is pointed at a greater angle below the horizontal.  Although the methodology we used is not incredibly precise, it could be used to establish some of this information in the event of specific but catastrophic instrument failure.
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Figure 34:  A Pictorial Representation of Calculation Methods Used
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Figure 35:  Image 1351, taken at 9:34
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Figure 36:  Image 1354, taken at 9:36
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Figure 37:  Image 1358, taken at 9:38
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Figure 38:  Image 1369, taken at 9:44
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Figure 39:  Image 1390, taken at 9:56

Table 4:  Camera Experiment Calculations
	Time

(hours)
	Lat, Lon
	Reference Lat, Lon
	Distance to Ref (m)
	Altitude (m)
	Angle Below Horizontal (degrees)

	9:34
	44 19.4109 ,-93 58.0819
	44.327102,-93.863754
	8.305
	1.275
	8.73

	9:36
	44 19.3397, -93 57.7605
	44.327041,-93.863612
	7.898
	1.924
	13.7

	9:38
	44 19.0533, -93 57.2774
	44.230441,-93.900833
	10.59
	2.693
	14.3

	9:44
	44 16.0845, -93 54.7781
	44.308741,-93.725395
	15.6
	5.258
	18.6

	9:56
	44 04.9372, -93 44.8757
	44.317216,-93.802986
	26.49
	10.42
	21.47


11.0  Conclusions and Lessons Learned

As a result of our experimentation and process, we learned several valuable lessons in science and engineering, some of them truly innovative and some not.  We verified our expectations about atmospheric conditions based on known research.  We showed that tin foil does not provided any protection against cosmic radiation, leading us to believe much heavier and thicker shielding higher up in the atmosphere.  From our picture experiment, we showed that in a crisis situation one could reconstruct certain details from the flight with known altitudes, visual landmarks, and camera angle.  Lastly, our group truly gained a sense of how difficult it is to preserve living specimens throughout a near-space flight.  Temperature and radiation pose significant hazards for the prolonged survival of species in near-space.
On an engineering level, the importance of careful consideration of thermal behavior became clear.  A simple Styrofoam shell and haphazard heater placement might do for electronics, but it does not provide the consistent and survivable conditions necessary for our form of bacterial life.  Another lesson learned was how much stress can be placed on electrical connectors during an occasionally rough flight.  This resulted from our disconnected weather station, and we now see why a connector would be just as important to protect as the electronics themselves.

Given the opportunity to perform similar research or conduct the experiment again, several changes would be made.  The first and most major would be the choice to not actually fly the bacteria.  Although research about the survival and mutative behavior of bacteria in near-space is important, it must be built upon a stronger foundation.  For example, one could fly a potential bacterial containment module loaded with a wider variety of sensors.  From this, one could get a sense of the thermal characteristics and survival suitability of the given module.  Adjustments could be made until the conditions were met for a given strain of bacteria.  Using this technique, one gains the same engineering insights without the additional task of actually preparing and flying bacteria that will likely not survive.

We might also attempt to build an alternative heating grid to contribute to the development of the desired thermal characteristics.  The current resistive heater used limits the heating elements to essentially a single-point source.  In its place, we would substitute a nichrome heating grid or a similar design to apply heat evenly to all of the petri dishes.  This reduces the problem of exposing the bacteria to environmental extremes.
From our experience, several recommendations can be made to people attempting similar projects.  We strongly believe one should choose experiments that are ambitious enough to keep your interest but still achievable.  This is a difficult medium to find, but it is worthwhile.  We also suggest exposing all elements of one’s payload to as rigorous testing as possible.  Although it seems like one wouldn’t want to break one’s own work, it leaves time to fix parts of the payload before it is flown.  The flight is not easy on payloads.
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13.0  Appendix: Program Listings

BalloonSat Easy Flight Computer Programming


This code is used for the operation of the BalloonSat Easy in flight.  It reads in temperature, relative humidity, and pressure data from a weather station.  This data is recorded to memory every fifteen seconds.  It starts upon pulling a pin, and it flashes an LED to indicate operation.  It was used with no modification.
'Code called "Teacher Seminar Flight Code live.bas"

'also used for AEM 1905

'"live" means data is written to window as well as being saved, for testing

symbol record=w0  'This is the section where the variables are declared

symbol index=w1

symbol value=b4

BalloonSat:

  symbol Max_ADC = 2                     ' maximum adc channel usedstarting with 0

  symbol Mission_Delay = 15000           ' length of pause in mission loop 15 seconds

Mission_Prep:

  i2cslave %10100000,i2cfast,i2cword     ' set memory speed to 400 kHz

  if pin7 = 1 then Download_Data 
     'and one word records

  sertxd ("Pull pin to take data.",Cr,lf)                         ' serial out the data record

flashed:




'this section is the section that waits   

high  3




'for commit pin to be pulled

pause 1000




'the flahser is also in this section  

low 3





' it flashes at a specific rate

pause 1000

if pin7=0 then flashed

Mission:


' will change pattern of flashing when data is being taken

  gosub Analog                              ' collect analog voltages

  write 0,record                            ' store the number of records collected

  gosub On_Flash                      ' pause.....

  goto Mission                              ' ....before starting all over

Analog:

  for index = 0 to Max_ADC             ' loop for number of analog voltages to record

    readadc index,value                ' get next adc value

    gosub Record_Data                  ' go store the value

  next                                 ' until last voltage is recorded

  sertxd (Cr,lf)                         ' serial out the data record

  return                               ' return to main mission loop

Record_Data:

  if record = 3000 then End_Mission  ' check that aren't writing too many records to memory

  record = record + 1                 ' increment record number

  low 0                               ' unwrite protect memory

  writei2c record,(value)             ' write the next record to memory

  sertxd (#value,",")                         ' serial out the data record

  pause 10                            ' wait 10 ms for write

  high 0                             ' write protect memory

  return                             ' return to the calling calling subroutine

On_Flash:


high 3 


pause 1000



'flash twice than a long pause


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)                       ' read the recorded record

  
  sertxd (#value,",")                         ' serial out the data record

  
  record = record + 1

  
  readi2c record,(value)                       ' read the recorded record

  
  sertxd (#value,",")                         ' serial out the data record

  
  record = record +1

   
  readi2c record,(value)                       ' read the recorded record

    
  sertxd (#value,Cr,lf)                         ' serial out the data record

   next


gosub flasher

sertxd (Cr,lf)  

sertxd ("Download Data",Cr,lf) 

 for record = 1000 to 2000  

  
  readi2c record,(value)                       ' read the recorded record

  
  sertxd (#value,",")                         ' serial out the data record

  
  record = record + 1

  
  readi2c record,(value)                       ' read the recorded record

  
  sertxd (#value,",")                         ' serial out the data record

  
  record = record +1

   
  readi2c record,(value)                       ' read the recorded record

    
  sertxd (#value,Cr,lf)                         ' serial out the data record

      next


    gosub flasher






' waits to replace the commit pin 

    








' than remove commit pin

sertxd (Cr,lf)  

sertxd ("Download Data",Cr,lf) 

    for record = 1999 to 3000  

  
  readi2c record,(value)                       ' read the recorded record

  
  sertxd (#value,",")                         ' serial out the data record

  
  record = record + 1

  
  readi2c record,(value)                       ' read the recorded record

  
  sertxd (#value,",")                         ' serial out the data record

  
  record = record +1

   
  readi2c record,(value)                       ' read the recorded record

    
  sertxd (#value,Cr,lf)                         ' serial out the data record

   next


 gosub flasher


sertxd (Cr,lf)  

sertxd ("Download Data",Cr,lf)                  ' until last data record read out

gosub LT_down

LT_down:


high 3




'flash 3 times than pause 


Pause 1000




'signifies completed  


low 3 




' download data


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


'waits the for commit pin

    
return 

End_Mission:
'this is if data was recorded during the whole flight  


low 3 

' this shows that the memory is full 



pause 10000

' and that the flight computer functioned properly for the flight


high 3


pause 1000

   goto End_Mission

'this program has a problem 

' it writes the record location to internal memory not to the 

' 16 bit 1 word memory chip on the balloonsat easy 2.0 flight computer board 

'there forethe data should exist for any 

  end                                           ' end of mission

Canon Powershot Still Camera Flight Programming


This program dictates the operation of the still camera upon flight.  It configures the camera correctly and then takes a picture every thirty seconds.  It takes pictures for a three hour flight.  It was used with no modification.

“30 sec code” for Canon PowerShot A570 IS still cameras.

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

HOBO Flight Computer Programming

We programmed the HOBO flight computer using the included software.  It recorded temperature and relative humidity using built-in sensors, and it also collected data from two external temperature sensors attached.  It recorded data every second and was preprogrammed to start shortly before our anticipated launch time.
