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Chapter 1 

Introd uction 

Despite humanity's drive for creativity and innovation that enables increased knowl

edge of unexplored species and universes, there is still a plethora of information, 

science, and technology that has yet to be discovered. According to NOAA and 

NASA, approximately 5% of the ocean on Earth has been discovered and less than 

0.00001 % of space has been explored [81. While our atmosphere might not be hiding 

new species of Cephalopods or the answers to how planets form, it can still inform 

us about how particles and bacteria travel through the high atmosphere through 

atmospheric chemistry and physics. It can also lead to better understanding of mete

orology, how atmospheric particles affect the weather in different regions throughout 

the world. In addition to research, the high altitude regions in the atmosphere can 

be utilized to better understand the effects of the atmosphere on solar radiation and 

serve as a platform for projects and research. 

This project is a platform for future high altitude research projects and a pre

liminary design of a potential system that could not only be used as a system that 

harvests solar energy in the upper atmosphere, but also as a potential mechanism of 

increased deflection of solar radiation back into space. 

1.1 High Altitude Research 

Near Space is an unofficial term for the atmospheric region ranging from the Arm

strong Limit at 18-19 km (59,000-62,000 ft) to the Karman Line at 100 km (328,000 

ft). The Armstrong Limit is the boundary where air pressure is at 6.3 kPa, which is 

low enough to boil water at body-temperature and results in an inability for humans 

to survive without pressurized suits. The Karman Line, while in the Thermosphere, 

is considered to be the boundary between the Earth's atmosphere and outer space 

since the low air density enables aerodynamic lift, allowing for objects above this 
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limit, such as the International Space Station, to travel at an orbital velocity around 

7,600 m/s (17,000 mph) [12]. 

Near space can be used to not only conduct high altitude research and various 

projects, but also as a platform for testing equipment and communication systems 

in quasi-space conditions that will later go into space. The following examples are 

suggestions for possible research topics in which this platform could address in the 

future. 

In an age where research surrounding renewable, sustainable, and environmentally

friendly energy sources is vital due to a changing climate on Earth, solar energy, in 

particular, is at the forefront of potential energy sources. While extensive research 

has been done on both extraterrestrial solar radiation and the constraints and limits 

of solar radiation reaching the Earth's surface, little has been done regarding to the 

effectiveness of solar radiation at different heights within the atmosphere. There is 

almost complete absorption of short-wave radiation by ozone in upper atmosphere at 

wavelengths below 0.29 um. Only about 48% of Solar Radiation traverses through 

the Earth's atmosphere and makes it to the surface. The radiation is attenuated 

by atmospheric scattering, through air, water, and dust particles, along with atmo

spheric absorption due to ozone in the UV wavelengths, and water vapor and C02 

in the IR wavelengths [2]. Since about 23% of solar radiation is absorbed in the 

atmosphere, primarily in the thick ozone layer which lies below 30,480 m (100,000 

ft), developing a system that could remain above this altitude would not be affected 

by weather constraints and could potentially harvest 71 % of solar radiation [9]. The 

most challenging aspect of a project like this would be the exploitation of the col

lected energy as transmission of power from high altitudes to the Earth's surface has 

not been successfully developed. Research is being done on power transmission from 

high altitudes via microwave wavelengths or through lasers, but is still far from being 

operational [4]. 

Another area of interest is broadband communication systems using near space, as 

this is a combination of satellite and terrestrial communication systems without some 

of the drawbacks prevalent in each of these systems [6]. Residing in the atmosphere, 

these systems are cost-effective, have lower upgrading costs, and have stronger signals 

than satellites [3]. Some projects in this field already exist, such as Google's Project 

Loon which began in 2012 and consists of a network of super-pressure balloons that 

can remain in the upper-stratosphere for months at a time bringing internet access 

to remote areas of the world [4]. 

2 



The myriad of possibilities of projects and research that can be undertaken in 

near space makes this a paramount platform for better understanding the Earth's 

atmosphere and utilizing the space to pursue projects that could potentially harvest 

solar energy and combat climate change or address other issues. 

1.2 High Altitude Balloons 

The excitement of using balloons to reach higher altitudes began after the French 

Montgolfiers brothers launched the first recorded hot-air balloon in 1783. The first 

hydrogen balloon was developed and tested out later in 1783 in the French town of 

Gonesse by the scientist Jacques Charles, 17 years after Hydrogen was discovered. 

Using a rubber-coated silk material, the hydrogen remained contained in the bal

loon as it traveled about 15 miles before landing. The Montgolfiers' legacy spurred 

a movement of the possibility of not only human flight through balloon usage for 

exploration, but also for military advantages and science. In particular, the French 

meteorologist Leon Teisserenc de Bort utilized weather balloons in his experiments 

and was credited to have discovered the Stratosphere and the Tropopause in 1896 [71. 

Thus, balloon flights became vital in history providing a furthered understanding of 

the Earth's atmosphere and even for human entertainment and enjoyment. 

High Altitude Balloons (HABs) are unmanned balloons, typically filled with either 

Hydrogen or Helium, ascending into the Stratosphere region of near space at a range of 

10 km - 50 km (33,000 ft - 160,000 ft). Typically made from rubber latex, the balloon 

has a specified burst diameter which allows for a short controlled flight dependant 

on the amount of gas inflated initially into the balloon. From Boyle's Law, tt = ~, 

gas has an inversely proportional relationship with pressure, which allows for gas to 

expand as the pressure decreases when altitudes increase. In the case of HABs, the 

balloon will continue to expand from the expanding gas inside until it reaches its 

burst diameter and thus pops. 

A HAB flight generally allows for a mid-Stratosphere flight reaching 30,480 ± 
6,000m (100,000 ± 20, OOO/t). A mid-Stratosphere flight reaches low temperatures 

down to -60°C and does not have the increasing temperatures that comes in the upper

Stratosphere, which is important to keep in mind as a lot of sensors and equipment 

will not work at such low temperatures. 
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Figure 1.1: Temperature and Pressure in Atmosphere versus Altitude 

About 20% of the Atmosphere's mass is contained within the Stratosphere. In 

addition, the ozone layer ends at 30,480 m (100,000 ft), which is also important to 

keep in mind if the platform will be used as a solar energy system as the ozone layer 

absorbs the majority of the 23% of solar radiation. Lastly, the mid-Stratosphere still 

provides excellent images of the near space world where the blackness of space is in 

contrast to the atmosphere and the Earth's surface below. 

1.3 Objective 

This platform consists of the comprehensive design, building, and implementation of 

a high altitude system that can successfully fly a payload into near space and serve 

as a baseline prototype for more complex systems addressing high altitude research 

questions and experiments. This project utilizes design capabilities incorporating 

general engineering, including material from electrical, computer, and mechanical 

engineering, in order to design and construct a payload. 
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Chapter 2 

Methods 

To design a payload platform for high altitude research, a holistic general engineering 

approach is needed in order to fulfill the necessary components. The following section 

will describe the various components that were used for the payload, the construction 

of the payload itself, and the necessary predictions and calculations to ensure that 

the payload will have a successful flight to the mid-stratosphere. 

2.1 Payload Components 

The payload consists of a micro controller to control, run, and save the data being 

recorded by various sensors and the solar panels. It also houses the CPS and radio 

communication devices to ensure that the payload is being tracked throughout the 

flight. 

2.1.1 Microcontroller 

A microcontroller is typically a credit-card sized computer placed on an integrated 

circuit containing a CPU and memory with programmable inputs and outputs. The 

BeagleBone Black (BBB) is a microcontroller chosen for its low consumption of power 

and ability to be a robust main operating system for the payload. The BBB runs on 

5V, drawing 210-460 mA, which makes it an acceptable flight computer which will 

last throughout the duration of the RAB flight. It is a Linux computer that runs on 

Angstrom and provides users with 65 I/O digital pins, 7 analog pins at 1.8V, 3.3V 

and 5V power sources, 4 serial ports, micro SD card port, Ethernet, RDMI, and USB. 

With on-board 2 CB storage on the 8-bit eMMC flash storage and 512 MB of DDR3 

RAM there is plenty of on-board storage to collect and save data. 
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Figure 2.1: The BeagleBone Black (BBB) micro controller 

For this project, the BBB managed and powered all the sensors, collecting data 

from each through a written Python mde, while the data was saved on-board onto a 

text file as well as on a micro SD card. It was powered by a 7.4V Lithium-ion battery, 

undergoing a 5V voltage regulator in order to supply the necessary 5V power supply 

to the BBB. 

2.1.2 Solar Cells 

Photovoltaic cells (solar cells) are devices that have the ability to convert a certain 

percentage of incident solar radiation into electrical current using a p-n semiconduc

tor junction. The incident solar radiation is also referred to as irradiance, G, with 

units of W/m 2 , and is defined as ))the rate at which radiant energy is incident on a 

surface per unit area of surface)) [2]. Irradiance is split into three different radiation 

type.s: beam, diffuse, and spectral radiation. After absorbing photons, the energized 

electrons increase in energy which allows them to jump over the energy gap in a 

semiconductor junction and can then flow through wires creating a current through 

an electrical load. Photovoltaic cells are typically made entirely from silicon in a 

crystalline form, which allows for absorption of photons from the sun. The I-V panel 

performance curves represents the relationship between current and voltage, which 

allows for analysis of the power produced by the panel and its efficiency. 

The I-V curve shown below demonstrates an ideal performance curve where ]=,,~ 

IS the short circuit current and V== is the open circuit voltage. In addition, the 

green square demonstrate.s the appropriate current and voltage for the maximum 

power point, which is given by P = V]. The maximum power point represents the 

photovoltaic cells optimal performance operation at a specified voltage and current. 
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Figure 2.2: Photovoltaic Cell I-V Curve 

Since the inception of solar cells in the 1950's the efficiency has increased to over 

30%, which has allowed solar cells to be utilized in various applications on Earth and 

in space. For this project, five modules of the Velleman SOLI Encapsulated Solar Cell 

composed of a polycrystalline material were used, which has an open-circuit voltage 

of 0.5V and a short-circuit current of 400mA. 

Figure 2.3: The Velleman SOLI Encapsulated Solar Cell 

The raw analog voltage of the five solar cells was recorded by the BBB through the 

on-board analog pins using the adc. read raw python function. A load circuit should 

have been integrated and the current should have been recorded as well, however, 

only the raw voltage was recorded for this project. 

2.1.3 Temperature 

For extreme temperatures such as those found in the near space environment, ther

mistors provide an ideal alternative to digital temperature sensors as they are analog 

resistors. A NTC (Negative Temperature Coefficient) thermistor was chosen because 
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it has a negative temperature coefficient which allows for decreasing resistance as 

temperature increases. In order to obtain the temperature, the voltage across the 

thermistor is measured and calculated using the voltage divider equation as shown 

below, where R is the thermistor resistance. Followed by the Steinhart-Hart equation 

which utilized constant coefficients that are specific to the thermistor being used. 

Rth = 

1 
T= ---------------------

a + bln(Rth ) + c[ln(Rth )J3 
For this project, a 10kD NTC Thermistor was used as it has a temperature range 

of -55°C to 200°C which enables recordings of the lower stratospheric temperatures. 

As five of the seven BBB analog pins were being utilized by the solar cells, and the 

sixth by the pressure sensor, there was only space for one thermistor, without having 

to add an external ADC to the circuit. Therefore, the thermistor was placed on the 

circuit board and measured the internal payload temperature. The resulting data 

from this sensor ensures that the payload itself will remain warmer than the outside 

temperatures and will provide a conducive environment for sensors and modules that 

cannot function at such cold temperatures as in those in the stratosphere. 

Figure 2.4: NTC 10kD Thermistor 

The voltage was recorded by reading the raw voltage output on the BBB analog 

pin before undergoing calculations to convert the voltage to a temperature, where the 

input voltage is the analog 1.8V power supply supplied to analog pins on the BBB. 

The following constants of the Steinhart-Hart equation were calculated and calibrated 

for the 10kD NTC thermistor and used to get a resulting temperature recording in 

Celsius. 

a = 1.020e-3 

b = 2.406e-4 
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c = 1.50ge-7 

2.1.4 Pressure 

Pressure sensors are generally transducers, devices that can convert a physical quan

tity to an electrical quantity. Pressure transducers are able to detect when a force 

is applied to the sensor area which deflects the diaphragm inside the sensor leading 

to a conversion of an electrical output. Pressure transducers can come in the form 

of absolute, differential, of gauge configurations which are all different methods of 

determining the pressure. 

The MPX4115A Pressure sensor was chosen for this project as it is designed to 

sense absolute air pressure for altimeter applications. This is an absolute configured 

air pressure sensor which means that the pressure is measured relative to a perfect 

vacuum which is hosted in the chip itself, as shown in the diagram below. 

The circuit consists of various capacitors as a recommended power supply decou

pling. By utilizing decoupling capacitors, high-frequency noise can be suppressed in 

the resulting power supply signal. This is especially important for small integrated 

circuits, such as the one for this sensor as it reduces voltage ripples that could be 

harmful to the circuit and can briefly power the circuit at the correct voltage if there 

are fluctuations in the power supply [11]. 

Fluoro Silicone 
Gel Die Coat 

Wire Bond 

f 
Lead Frame 

Sealed Vacuum Reference 

Die Stainless Steel 
Metal Cover 

Epoxy Plastic 
Case 

Die 
Bond 

Figure 2.5: MPX4115A Pressure Sensor Inside Diagram 

Figure 2.6: MPX4115A Pressure Sensor 
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The sensor consists of a bipolar op-amp circuitry and thin-film resistor network 

that provides high level output analog signals. The pressure signal is transmitted 

to the diaphragm from the die surface and the wire bonds which is isolated in a 

fluorosilicone gel. The device measures pressure from 15kPa to 115kPa, which does 

not reach the lower limit of a stratosphere flight reaching pressures of 1kPa, however it 

will be sufficient to get the overall pressure curve for this flight. It has an operational 

temperature range of -40°0 to 125°0 which allows for sensor ability to function in 

the colder temperatures [101. 

The transfer function, shown below, converting the voltages to a pressure given 

by the data-sheet had to be modified and calibrated in order to output the correct 

pressure as demonstrated by the second equation below. This was necessary in par

ticular because this sensor was recorded by the analog pins on the BBB and supplied 

with 1.8V rather than treating it as a digital device supplied with 5V. 

Vout = 11, * (.009 * P - .095) ± Error 

(Vv:' + 0.095 ) 
P - --'------"---

kPa - 0.009 

Where Vade is the raw voltage read by the analog pins on the BBB and 11, is the 

source voltage, which in this case is 1.8V. 

2.1.5 Radio and GPS 

In order to successfully fly a payload, gather data throughout the flight itself, and 

ensure that telemetry is being tracked so the location of the payload will be known at 

all times and for retrieval, a digital communication system needs to be set in place. 

The Automatic Packet Reporting System (APRS) system was chosen as it is an 

amateur radio-based system that enables real time digital communications including 

telemetry coordinates obtained from a Global Positioning System (GPS) at 1200 

baud. The APRS system transmits on a shared frequency of 144.39MHz in the 

United States, where it is locally repeated across relay stations across the country 

exchanging information packets in an unconnected broadcast operation. What makes 

the APRS system invaluable is that all the data is pushed into the APRS Internet 

System (APRS-IS) through an internet receiver which allows for data to be reported 

online as it is collected by APRS users and displayed on a map-view [11. 

To use the APRS communication system a HAM Radio License is needed for 

APRS operations. The Technician license gives access to amateur radio frequencies 
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above 30MH z and is given after passing an examination covering radio theory, regu

lations, and operating practices [5]. This licence was obtained and given the following 

callsign to use: KI7AFN. 

The MicroTrak RTG HA Combo from Byonics was chosen as it is for HAB flights. 

The combination includes the Byonics GPS5 receiver in a waterproof case, which is 

a 5V, 4800 baud, RS-232 serial GPS that outputs NMEA sentences once per sec

ond. This GPS functions specifically for high altitude situations as it operates above 

66, 000ft(20km) instead of shutting off as standard GPS modules for secLUity reasons. 

The blue LED inside the GPS case remains solid when acquiring data before flashing 

once it has synced to satellites and has obtained a signal. It takes an average of 35 

seconds for an acquisition to be obtained when the system is first powered. The GPS 

can be specifically prograrmned through the DS9 cable to fit the needs specific to a 

project if needed. 

FigLUe 2.7: Byonics GPS5 

The MicroTrak is a 10 W tracker which typically runs on 12V, however the system 

was Hill on a 1l.lV Lithium-ion battery. Upon pLUchase it was programmed with 

the callsign that was obtained from the HAM Radio License. When co=ected to the 

GPS and a radio ante=a it decodes the NMEA packets obtained by the GPS before 

transmitting the data at a configured rate which can be adjusted. It also provides the 

5V necessary for the GPS operation. Once powered, the system LED will flash green 

and red before flashing green at a rate of once per second as the unit is receiving 

data from the GPS, however the GPS has not yet "locked" onto the satellite signal. 

Once a signal has been locked through the GPS, the green LED will remain on solidly 

occasionally blinking red when a transmission of data has occLUred. 

11 



Figure 2.8: Byonics MicroTrak 

Transmission occurs through a V6 dipole antenna which produces a radiation 

pattern in an electric dipole structure supporting a line of current at each node on 

either end. It is constructed of metal rods which passes current through and transmits 

the signal. Two ft in length it allows for a considerable signal boost over other antenna 

options. 

/ 
/". 

Figure 2.9: V6 Dipole Antenna 

This system automatically released data packets onto the AP RS.fi website which 

was used to track the balloon using the specific callsign throughout the flight. 

In order to have redundancy built into the system, a second telemetry tracker, 

albeit a standalone device, was included in the payload. For the backup GPS, a SPOT 

GEN3 tracker was used as it utilizes satellite communication and functions beyond 

cell-service areas. The SPOT tracker is typically used by adventurists who need 

satellite-covered GPS telemetry data to be broadcasted to ensure their safety while 

in remote areas. The simplicity in this design allows for an easy-to-use alternative 

tracking device that will automatically update telemetry data to the SPOT Tracker 

website. In addition, with the following temperature range of -30°C to 60°C, this 

device mostly adheres to temperature constraints that accompany a high altitude 

flight. 
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Figure 2.10: SPOT Tracker 

2.1.6 Camera 

A GoPro HER02 camera was used as a standalone system on board to take pictures 

throughout the flight. A camera was desired for taking pictures of near space and 

capturing the essence of what views can be seen in the mid-stratosphere. The GoPro 

camera is designed for outdoor sports and activities resulting in a robust and durable 

system ideal for a high altitude platform. With a FOV of 1700 and a resolution 

of 5 megapixels, pictures were taken at 10 second intervals, using the time-lapse 

setting, and stored on a 16 GByte SD card running on an independent 3.7V, 1100 

mAh Lithium-ion battery. The GoPro was placed in a waterproof case which provides 

waterproof support up to 197ft which also protected the camera from the atmospheric 

effects of high altitude. 

Figure 2.11: GoPro HER02 

2.1.7 Balloon and Parachute 

A H woyee meteorological balloon was used for the flight of the high altitude plat

form. These balloons are made from a natural rubber compound with some additives 

which provide improved resistance to drastically changing temperatures, oxidation, 

and ozone exposure. An 800 ± 50 9 Hwoyee sounding balloon was chosen for this 

flight as it has a bursting diameter of about 6.7m (22ft) and an average burst altitude 

of 30km (100,000ft). 
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Figure 2.12: Hwoyee 800g Sounding Balloon 

In between the balloon and payload a parachute was inserted to ensure that the 

payload's descent rate after the balloon burst would be lessened. A 4ft in diameter 

Rocketman parachute was used in anticipation that it could slow down a 4lb payload 

on its descent back to the Earth's surface. 

Figure 2.13: 4ft Diameter Parachute 

2.2 Realistic Design Constraints 

Realistic design constraints are vital to keep track of as they can inhibit a project 

from being successful. Constraints include economic, environmental, social, political, 

ethical, health and safety, manufacturability, and sustainability. The following two 

realistic design constraints are the most prevalent constraints regarding a high altitude 

platform system as they directly relate to the feasibility of the payload and overall 

success. 

2.2.1 FAA Regulations 

The Federal Aviation Administration (FAA) is a division of the U.S. Department 

of Transportation and has extensive guidelines and regulations regarding shared 

airspace. As HABs traverse airspace and are sky-oriented projects, FAA regulations 

need to be carefully followed. Unmanned free balloons falls under section §101.1 

which states that unmanned free balloons carrying a payload package of greater than 
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4lbs and weight/size ratio greater than three ounces per square inch requires official 

FAA approval. To avoid issues and complications with a monitored flight with the 

FAA, the payload for this system has to remain under 4lbs. The 4lb payload limit 

is given as a jet engine could take a 4lb bird without undergoing extensive damage. 

In addition, a string with a break strength of less than 50lbs is required between 

the balloon and the payload, so the payload can be detached from the balloon if an 

aircraft hits the string. The extensive full details of the regulations can be found in 

Appendix-B. 

Subpart A-General 
§ 101.1 Applicability. 

(a) This part prescribes rules governing the operation in the United States, of the following: 

(1) Except as provided for in § 101 .7, any balloon that is moored to the surface of the earth or an 
object thereon and that has a diameter of more than 6 feet or a gas capacity of more than 115 cubic feet. 

(2) Except as provided for in § 101.7, any kite that weighs more than 5 pounds and is intended to be 
flown at the end of a rope or cable. 

(3) Any amateur rocket except aerial firework displays. 

(4) Except as provided for in § 101.7, any unmanned free balloon that-

(i) Carries a payload package that weighs more than four pounds and has a weight/size ratio of 
more than three ounces per square inch on any surface of the package, determined by dividing the total 
weight in ounces of the payload package by the area in square inches of its smallest surface; 

(ii ) Carries a payload package that weighs more than six pounds; 

(iii) Carries a payload , of two or more packages, that weighs more than 12 pounds; or 

(iv) Uses a rope or other device for suspension of the payload that requires an impact force of more 
than 50 pounds to separate the suspended payload from the balloon. 

(b) For the purposes of this part, a gyrogfider attached to a vehicle on the surface of the earth is 
considered to be a kite. 

[Doc. No. 1580. 28 FR 6721 . June 29.1963. as amended by Arndt. 101-1. 29 FR 46. Jan. 3. 1964: Arndt. 101 -3. 35 
FR 8213. May26.1970: Amdt.101 -8. 73 FR 73781. Dec. 4. 2008: 74 FR 38092. Ju ly 31. 2009] 

Figure 2.14: Overall FAA Regulations 

In addition to the payload constraints gIven by FAA regulations, on the week 

leading up to the flight the Air Traffic facilities in the surrounding area had to be 

alerted to the upcoming balloon launch. On the day of launch, various traffic control 

centers had to be notified fifteen minutes before launch so a NOTAM (Notice to Air 

Men) could be dispatched and ensure that air-crafts were aware of a balloon and 

payload flying through a shared airspace. 
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2.2.2 Weather 

Weather proved to be another major constraint as flight paths altered drastically with 

the changing weather. As HABs are unmanned balloon flights, there is little control 

regarding the actual flight path of the payload. With this in mind, weather must be 

checked frequently and flight paths rerun in order to ensure that the mission would 

be successful. 

2.3 Circuitry 

Throughout the coding and testing phase of this project, each module mentioned 

above was implemented with separate circuits. The next task was to incorporate all 

the sensors into one circuit board for the flight itself. Initially, the finalized circuit was 

soldered onto a proto board that attaches directly on top of the BBB into the rows of 

pins. However, soldering a circuit board by hand comes with complications in that it 

is a less robust system where wires can come detached. Therefore, a Printed Circuit 

Board (PCB) was designed using Multisim's Ultiboard software which enables testing 

of connections before the board is printed. This ensures a clean board that can be 

easily modified and reprinted if needed. The 7.4V Li-ion Battery was regulated to 

provide a raw 5V power for the BBB. In addition, a switch and an LED were included 

in the circuit in order to manually control the switch which allows voltage to power 

the BBB with a lighted LED as an indication that the board is powered. 

Figure 2.15: PCB Layout on Utliboard 
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Figure 2.16: Schematic of PCB 

Figure 2.17: Final PCB Figure 2.18: Complete PCB with BBB 

2.4 Payload Construction 

The payload design was modelled after the shape of 1x3u CubeSats which is typically 

10x10x30 em used for low-Earth orbiting satellites. To ensure the payload was insu-
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lated and durable enough to land at high velocities, I-inch Foamular thick Insulation 

Sheathing with a compressive strength of 25 psi was used. The payload was split into 

two compartments, housing the PCB, BBB, and camera in the bottom compartment. 

A hole was created on a side wall of the payload so the GoPro could look out hor

izontally. The top compartment was separated by a removable cardboard rectangle 

which still allowed wires to travel between the two compartments. The top housed 

the APRS and its independent battery. The antenna was threaded through a small 

hole created on a side wall of the payload so the antenna could be positioned visible 

to the open sky. Two booms were added to the sides of the payload to support some 

of the solar panels. The lid of the payload supported the GPS at the center and had 

four holes drilled in the corners to attach the payload to the parachute strings. 

The payload was assembled using a mix of hot glue and epoxy which was chal

lenging as both adhesives would burn holes in the Foamular insulation board. With 

this in mind, when the final payload was packed and assembled for the flight, it was 

extensively reinforced using duct tape. The following figure shows the layout of the 

components within the payload. 

Figure 2.19: Block Diagram of Payload 

As a last resource if all telemetry failed, a clear message written on the side of 

the payload gave my name and telephone number, so if the payload were found by 

someone else they could contact me. In addition, some light silver reflective tape was 
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added as a supplementary reflective method to make the payload more visible in the 

case it was intercepted by an aircraft. The final payload is shown below. 

Figure 2.20: Final Payload 

2.5 HAB Predictions and Calculations 

The following section describes the various calculations and steps needed to ensure a 

successful flight through the amount of helium needed in the balloon to successfully 

launch the payload and the predictions that give an estimated flight path and landing 

location. 

2.5.1 Mass Budget 

With a final product functioning and assembled, a final mass of the entire payload is 

needed in order to apply to the flight path predictions. The following mass budget 

demonstrates an estimated mass of the payload. However, once most assembled with 

added weight from tape the following total mass of 1,421g (3.21lbs), which successfully 

falls below the 4lb FAA regulation limit, was used for the predictions. The final mass 

of the payload, recorded right before the launch resulted in a mass of 1,490g (3.46lbs) 
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which still falls under the necessary constraints of the FAA regulations and did not 

drastically alter the predictions for the flight path. 

COMPONENT MASS (g) 

BeagleBone Black 42 

SPOT Tracker 120 

APRS (GPS+Radio) 195 

7.4 V Battery (BBB) 114 

11.1 V Battery (APRS) 180 

Solar Panels (all 5) 28 

Pressure 3 

Thermistor 1 

PCB 44 

GoPro 172 

Payload Structure 368 

TOTAL: 1267 

Figure 2.21: Mass Budget 

2.5.2 Balloon-Fill Calculations 

Given the Helium tank we obtained was at a pressure of 157.9atm with a radius of 

O.l1m and a height of 1.45m, the volume of the tank was 55L. Utilizing the Ideal 

Gas Law equation) PV = nRT) the number of moles available in the tank could be 

determined. 

n ~ _P_V ~ (157.9atm)(55L) ~ 355moles 
RT (0.08206Latm/moIK)(298K) 

With a desired target ascent rate of 5m/s) a payload weight of lA90g) and using 

a Hwoyee 800g balloon) using the Habhub balloon burst calculator gives us a launch 

balloon volume of 3.39m3 (3388L). The necessary moles of helium for the balloon at 

launch can be determined) assuming an atmospheric pressure of latm: 

n ~ PV ~ (latm)(3388L) ~ 138.5moles 
RT (0.08206Latm/moIK)(298K) 

Given that there are 355 moles of helium in the tank) there is plenty of helium 

to fill the balloon. To fill the balloon to the desired volume) a circumference method 
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was utilized. Given that the balloon volume should be 3.39m3
, the circumference 

was calculated to be a 6m (19.7 jt). A string of this length was pre-measured before 

the day of launch and was held up to the balloon as it was being filled, given the 

assumption that the balloon is a perfect sphere. This method is not completely 

accurate as the balloon is not a perfect sphere but rather a prolate spheroid in shape. 

2.5.3 Flight Predictions 

The flight predictions are essential to the launch process as they control the decision 

as to where a launch site will be and the potential landing area of the payload. 

As there is an extensive amateur RAB community, there are two main prediction 

programs that can be used to determine launch sites, flight paths, and landing zones. 

These are the CUSF Landing Predictor 2.5 and the ASTRA High Altitude Balloon 

Flight Planner. Both take into consideration the weather for the desired launch date 

and include inputted specifications of the balloon and payload itself that all lead to 

more accurate predictions. These websites played an instrumental and crucial role in 

choosing the launch site and giving an estimate as to where the flight would take the 

payload and where it would land. 

+ 
Launch Site: Custom 

Latitude/Longitude: 

Set With Mal' 

Launch alt itude (m): 

Launch Time (UTC): 

Launch Date: 

Ascent Rate (m/s): 

Burst Altitude (m): 

Use Burst Calcu lator 

Descent Rate (m/s): 

Churchill 

152 .2135 II / 1° .0964 ] 

~ 
Save Location 

r 

5 

Run Prediction 

] 
~ 

Figure 2.22: CUSF Inputs 

Figure 2.23: ASTRA In
puts 

There was a scrubbed flight due to inclement weather on April 15th, 2018. Below 
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is a demonstration of the CUSF Landing Predictor 2.5 predictions for the scrubbed 

flight , with a launch in Lancaster, PA and a landing location near Quakertown, PA, 

with the explosion symbol (next to the Quakertown label) indicating the estimated 

balloon-burst location. 
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Figure 2.24: Scrubbed Launch Flight Prediction 
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Chapter 3 

Results and Analysis 

The HAB flight for the Platform for High Altitude Research was an overall success, 

demonstrating the capability for such a system to reach high altitudes in the strato

sphere and conduct research. The following section goes through in detail the launch, 

the flight, the recovery, and the data analysis. 

3.1 RAB Flight 

The flight occurred on April 21st, launching from Lititz, PA (north of Lancaster) 

and landing near Vineland, N J. The flight lasted a little over an hour and reached 

a maximum altitude of 72,OOOjt. Last predictions were calculated the morning of 

the launch before leaving Swarthmore and a launch location was chosen. The team 

consisted of myself, Professor Carr Ever bach, Brandon Z unin, and Rhys Manley. The 

team departed Swarthmore at 9:30am and arrived at the launch location around 

10:45am where launch preparations began. The following predictions show the esti

mated landing zone of the payload given the payload specifications and the weather 

pertaining to the day of launch. The predictions showed a launch from Lititz, PA, a 

balloon-burst around Wilmington, DE, and a landing around Vineland, N J. 
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Figure 3.2: CUSF Flight Prediction showing Altitude 

24 



~ester . 

j 

3.1.1 

Be~Air 

~ To,,;;son 

, Baltimore 
o 

Washington 
® 

V 

Current mouse position: Lat: 41.1523 Lon: -77 .8092 
Range: 123.6km, Fl ight Time: 1 hr48 

Cursor range from launch: 168.9km, land: 291 .7km 
Last run at 12:57 21/04/2018 UTe using model 2018042106 

Pan To I CSV I KML 

Show Debug I Hide Launch Card I About 

~ ,-
Edison r' 

i 
Pnn~eton 

Trenton 

__ ~:8~s~: . CD ~ 
w _(§) 0 __ _ 

Philadelphia 

Dover 

° t 0 

ijJ Cherry Hil i 

V · eland GEl 
o @ 

Wild~ood 

oCape May 

Launch Site: Custom 

Latitude/Longitude 

Set With MaR 

Launch altitude (m) 

Launch Time (UTC)· 

Launch Date 

Atl Ascent Rate (m/s) 

Burst Altitude (m) 

Use Burst Calculator 

Descent Rate (mill) 

1 Other ' 1 
]401500 ]1 ]-763041 

Save Location 

E::J :E 
~~~ 
]5 ] 
]28109 ] 

Run Prediction 

Figure 3.3: CUSF Flight Prediction 

Launch 

The launch occurred on the sports fields behind Warwick High School in Lititz, PA 

with ideal weather conditions of clear skies and a temperature of 14°C (58°F). The 

first task was to assemble the payload, powering all systems and ensuring they were 

properly working. Once the payload was ready and set to go, the balloon-fill process 

began. With a small team, the balloon-fill process had to be carefully monitored to 

ensure that everything went smoothly and the balloon was not lost. Approximately 

15 minutes before launch, the FAA Air Traffic Facility contacts were contacted in 

order to inform them of the upcoming launch. Once the balloon was full, it was 

attached to the parachute and the payload before it was released at 12:55pm. 

LRP LANCASTER 

!LNS 041017 LRP AIRSPACE UNMANNED FREE BALLOON LRP208007 (7NM SW LNS) SFC-UNL SEB TO 92000FT 1804211530-
1804211730 

Figure 3.4: NOTAM - Notice to Airmen 
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Natasha, 

Please contact the following facilities at least 15 minutes prior to launching your balloon: 

Harrisburg Terminal Radar Approach Control- (717) 948-2696 or (800) 932-0712 as an alternate number 
Washington Air Roule Traffic Control Center - (703) 771-3470 

I am also provid ing your information - Natasha Nogueira (831) 332-6601 , in case any of the facilit ies need to contact your during the 
balloon flight. 

Again a NOTAM (LNS 04/0 17 ) has been filed. Remember to amend or cancel the NOTAM per my previous instructions. If your launch 
occurs at 1530Z and terminates at 1730Z, then no action is required on your part. 

If you have any questions, you may contact me at any time. 

Thank You, 

Jerry Rutherford I Leidos 
Operations Support Specialist 
Tactical Operations Team 
AJV-E23 - Operations Support Group, ESC 
FAA Southern Regional Office 
Work: 404-305-5574 
Cell: 470-925-8277 
Jerry.CTR.Rutherford@faa .gQY. 
!J.!!R:/lnisc.faa.gQY 

~Ieidos 
NISC. .. Succcss through Excellence, Innovation, and Teamwork 

Figure 3.5: Air Traffic Contacts 

Figure 3.6: High Altitude Platform 
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HAD Flight: LAUNCH-PROCEDURES 

Launch Materials: 

Multimetcr 
Scissors 
Tape 
Laptop 

o BBB Cables 
Charged Batteries (GoPro, BBB Batlery, APRS, SPOT) 

o Back up batteries 
Balloon (+backup) 

o Gloves 
o String 
a Carabineer 

Helium Tank 
o Pressure gage 
o Hose 

Payload 
Parachute 

Zip ties 

Calculated Predictions: 

Volume at Launch : :,.~ "; I :n"4 L. , \\<\.,(" Q~\ 

'#J~~""d: \\,~\.. ~'-\..O>(>\ 

L,J, , ~~ , t'f.\, 

Neck Lift -,,'~"~3~l\w%lr-________ _ <_ 10 ~\. 

Ascent Rate: 5,0 MIl! 

Circumference: _~"'~.~'~'--''''---_____ _ 

BBB Baltery Voltage 

Before flight: _"i'",--~V,---____ _ 
After fl ight: _________ _ 

APRS Batler Va/rage 

Bdore flight:_~\'~"C\ ... ____ _ 

Aller night: _________ _ 

0~ 
- '3. \ \\::" 
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HAS Flight: LA UNCH-PROCED URES 

Launch Procedures: 

Call FAA: Notifying of night (alleasl 15 minules before launch) 
o Harrisburg Terminal Radar Approach Control: (717)948-2696 
o Washington Air Route Traffic Control: (703)771·3470 
o ZNY OMIC: (63 1)468-5959 

Payload Setup 0 '>0.\.>(' "'-.. ~ 
o Tum on BBS, Gorro, APRS 
o Assemble 
o Cht:-ck for SPOT and APRS signal 
o Close up 

Balloon Fill Setup 
o Helium Tank 

• Start Pressure of tank: _,.""S"UO ___ _ jpSI 
• End Pressure of tank: _____ _ _ --lpsi 

o Use circumference rope 
Recheck Transmissions 
Recheck Predictions 
Launch 

o Time of Launch: _ ___ _ 
o Time ofLanding: ____ _ 

Take Pictures! 

Have FUll © 
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HAD Flight: LAUNCH-PROCEDURES 

Balloon Fill Procedure: 

;:; Balloon Holder places hose IIlto neck of balloon 

o Wrap exlIa neck of balloon 3Jound hose 
o Hold ned secllfely with on.. hand 

o Helium-Tw-ConlIoller slowly opens , -a!Ye of helium tank 

o Once balloon 'lOP' flapplllg, ya!\.., cm be opened funh~ 
D Circumf~=e-people...., holding balloon upright and filling circumf~ence 

o Usc glo\"(,. 'whell handling b alloon 
;:; Once filled, pull bo<e oU! of neck 

C! Fold neck O\-ef 'lIing 
;:; Tie two Zip-tie OY~ the folded neck 

D Wr:q> in tape 

!J Albch 'lIing to parachUle :Uld paylood 

Figure 3.{: Launch ProcedurES 
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3.1.2 Flight 

Throughout the flight, the telemetry was tracked using the APRS.fi and SPOT web

sites, as the team began driving towards Vineland, NJ. Unfortunately, the SPOT 

Tracker, which was the back up GPS device only worked at the launch site and did 

not transmit any more data. This could pertain to the fact that it was attached to 

the bottom of the payload and did not have a clear view of the sky. FUrther tests 

would need to be done to see if being beneath the payload affected its connectivity 

to satellites and thus transmitting the payload's telemetry. On the other hand, the 

APRS telemetry accurately functioned giving the location of the payload throughout 

the flight and the altitude, giving a burst altitude of 72,OOOft at a time of 67 minutes 

after launch. Unfortunately, the APRS stopped transmitting data at about 44,OOOjt, 

8 minutes after balloon burst, on the descent journey after the balloon had popped 

around Wihnington, DE. As the SPOT tracker was not transmitting data and the 

APRS stopped, the payload was asswned to be lost so the team headed back to 

Swarthmore. Fort1.lllately, when nearing Swarthmore, the SPOT tracker transmitted 

the landing location of the payload near Vineland, NJ, and so the team drove there to 

locate the payload. The SPOT tracker accurately gave the payload's position "Within 

a few feet. 

-~- ...... , - ---- .. Laur'rell ---v ~ 

'" "_. .-... --' 
@ 

(iJ._ -- -- _ ...... PII ill 

8_ - . --® --
" --. '" - ---. - --'" ~ "', _ .... @ -. '.- - • ,- = 

Figure 3.8: APRS Telemetry Data before cutting off at 44,OOOft (the arrow indicating 
the continued path of the balloon to its landing location) 
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Figure 3.9: SPOT Telemetry 

The SPOT tracker gave coordinates of the payload's landing location within a couple 

feet in a field. The payload landed within about 25 miles, as shown below with 

the blue dot, of the predicted landing location given by the CUSF landing predictor 

website. If the proposition that the SPOT does not work correctly if it does not have 

a clear view of the sky is correct, then it is only further proved by the fact that when 

the payload landed the SPOT was face up towards the sky, as the payload landed on 

its side. 
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Figure 3.10: Flight Predicted Path with Actual Landing Location 
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Figure 3.11: Landed Payload Location 

3.2 Data Results 

With the payload being successfully recovered the data was easily retrieved. \;\Thile it 

is unknown why the APRS stopped transmitting on the payload's descent, it appear 

that there may have been a temporary shut-down of power as the data from the BBB 

also cutoff at the same time when the APRS stopped transmitting telemetry data. 

When the payload was recovered all systems were on and running, which suggests that 

it was a temporary shut-down of power, however, as the python code on the BBB 

was manually started before the launch, it did not run if the system shut off and was 

turned back on. For future launches, this is an easy fix where the designated flight 

code can be run on start-up of the BBB to ensure that any time it is powered it will 

run the code. In addition, the solar cell data was not useful as the voltage recordings 

maxed out at 0.58V which is within a 20% expectancy range of the maximum open 

circuit voltage of these cells which was set at 0.5V. This problem could have been 

avoided if a load had been attached to the cells and the current was also recorded 

instead of simply the voltage. 

3.2.1 Temperature 

The temperature data did demonstrate a warmer payload temperature, reaching a 

low of -13°C rather than the lower outside temperatures that could go down past -
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40°C. This is promising for future payloads which allows for less constraints regarding 

sensors and modules' operating temperatures. 
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Figure 3.12: Thermistor Temperature Data before cutting off at 44,000ft 

3.2.2 Pressure 

While the pressure sensor had a minimum pressure of 15kPa which does not cover 

the lower pressures expected in the stratosphere past 50,000jt, the sensor exceeded 

its operational limits and recorded pressure down to 12kPa before it plateaued. The 

pressure data demonstrated a pressure decrease as expected regarding pressure versus 

altitude. For future payloads if pressure is needed at higher altitudes other sensors 

will have to be examined. Pressure data can also be converted to an altitude which 

allows for a comparison of telemetry data to the expected pressure. A sensor that 

works below 15kPa would be beneficial in order to obtain a full altitude conversion 

for the entire flight. 

Hm = (1 - 1~~;~;5) * 145366.45 * 0.3048 
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Figure 3.13: Pressure Data before cutting off at 44,OOOft 

3.2.3 APRS 

The APRS data provided telemetry, altitude, and the speed of the payload with the 

actual flight beginning at 12:55pm. The data below shows data collected from when 

the system was powered and running before the launch occurred. 

Telemetry 
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Figure 3.14: APRS Telemetry Data before cutting off at 44,OOOft 
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Figure 3.15: APRS Altitude Data before cutting off at 44,OOOft 
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Figure 3.16: APRS Speed Data before cutting off at 44,OOOft 

3.2.4 Calculations 

From the calculations given in the previous chapter, a comparison can be done of the 

predicted versus actual resulting calculations. Given the linear increase and decrease 

in altitude from the APRS data, an ascent rate and descent rate can be calculated. 

The resulting calculations determined that the these rates were accurately predicted. 

However, the bust altitude and the time to burst were not as accurate as the pre

dicted values. It is likely that the balloon was overfilled at launch due to the prolate 

spheroid shape of the balloon rather than being a perfect sphere. Another indication 

of overfilling is that the ascent rate is O.27m/ s greater than the predicted. With more 

helium in the balloon, it is expected that the balloon would burst sooner as there are 

more moles of helium in the balloon. 

PREDICTED ACTUAL 

Ascent Rate 5.0 m/s 5.27 m/s 

Burst Altitude 28,200 m (92,500 ft) 21,900 m (72,000 ft) 

Descent Rate 15 m/s 16.2 m/s 

Time to Burst 94 minutes 67 minutes 

Figure 3.17: Actual versus Predicted Calculations Values 

3.2.5 Pictures 

The GoPro successfully worked throughout the majority of the flight before the bat

tery ran out during the descent of the payload. The photos provide a visionary view 

of near space and the stratosphere. 
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Chapter 4 

Discussion 

This EgO Project is a culmination of a general engineering education in which vari

ous engineering disciplines are utilized to create a comprehensive Platform for High 

Altitude Research. While it was an overall successful project and flight, some im

provement can be made to make it a more robust system. Some aspects, as mentioned 

previously, include having the code run on start-up of the BBB, having alternative 

telemetry tracking devices such as a second radio transmitting CPS coordinates to en

sure retrieval of payload and transmission of data, and possibly a 3-D printed payload 

structure that could easily be reused or reprinted for additional flights. 

This Platform for High Altitude Research provides students with a low-cost sys

tem that can be implemented to address various research questions regarding at

mospheric chemistry/physics, solar energy harvesting, meteorology, and even atmo

spheric photography, amongst many others. As a preliminary design, this platform 

can be enhanced and built upon to undertake more specific projects and goals. With 

the myriad of research possibilities, this successful platform is a prelude to continued 

developments. 

As Neil deCrasse Tyson said, "The Universe is under no obligation to make sense 

to you" , a high altitude research platform focused in near space, the boundary between 

the Earth and the vast universe, enables humans to become just a little more familiar 

with the intricacies of the beautiful and mysterious world we live in. 
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Chapter 5 

Appendix 

A - Code 

import time 
import Adafruit_ BBIO.ADC as adc 
import mat h 

,-- ----- - - - ------- - ----- - - - ------- - ----- - - - -- -

I setup 
adc. setup () 
preS5 = open ("Data.txt" , ' a ' ) 
l ocal time = time . ctime () 
press.wri t e ( " \r\n" + local time + "\r\n" ) 'Timestamp f o r the file 
press.write ( "Time [5J, Pressure [kPa], Thermistor [e], solar_ l [V], solar_ 2 [V], SOlar_ 3 [V], SOlar_ 4 [V), SOlar_ 5 [VJ\r\n" ) 
pres5. close () 

, ---------------------------------------------

f Variables 
R = 1000 . 
a = 1 . 020e- 3 
b = 2 . 406e- 4 
c = 1 . 50ge- 7 
Vin = 1.8 

'Thermistor resistance 
'Thermistor variables 

'Thermistor voltage in 

f ---------------------------------------------
f Sensors 

while True : 
I Pressure 
vadcy = adc.read_ raw ( " P9_ 39" ) 11000 
p_ kPa = « Vadcy I O. 39061 )/5 . 0+0 . 095 )/O. 009 'Convert to Pressure kPa 

, Thermistor 
Vadc t = adc.read raw ( " P9 40" )/1000 
rth ;- round ( « (Vin/Vadc_ t)*R) - R), 4) 
T = (a +b *(math log (rth ) ) + c * (math.1og (rth )) ** 3 ) **-1 
T_ c = round le T - 273 . 15 ) , 4) 

I Solar Panels raw v o ltage 
Vadc s 1 = adc.read raw ("P9 38 " ) /1 000 
vadc::::s ::::2 = adc . read::::raw ( "P9::::37" ) 11000 
Vadc s 3 = adc . read raw (" P9 36" ) /1 000 
vadc::::s ::::4 = adc. read::::raw ("P9::::35" ) 11000 
vadc_ s _ 5 = adc.read_ raw ("P9_ 33" ) 11000 

, Writing Data to file 
press = open ("Data . txt " , ' a ' ) 
press.write (s t r (time . time O) + " \t" + s t r ( round (p_ kPa, 4)) + "\t" + s tr (T_ c ) + "\t" + s t r (Vadc_ s _ l ) + "\t" + s t r (Vadc_ s _ 2) 
+ "\t" + str (Vadc_ s _ 3) + " \t" + str (Vadc_ s _ 4) + " \t" + str (Vadc s 5 ) + " \r\n" ) 
press. close () 
t ime.sleep(1 ) 

Figure 5 .1: Code 
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B - FAA Regulations 

Subpart D-Unmanned Free Balloons 

S OURC E: Docket No. 1457,29 FR 47, Jan. 3, 1964, unless otherwise noted. 

t Back to Top 

§101 .31 Applicability. 

This subpart applies to the operation of unmanned free ba lloons. However. a person operating an unmanned free 
balloon wi th in a restr icted area must comply only with §1 01.33 (d) and (e) and with any additional limitations that are 

imposed by the using or control ling agency, as appropriate. 

t Back to Top 

§101 .33 Operat ing limitations. 

No person may operate an un manned free balloon-

(a ) Unless otherwise authorized by ATC, below 2,000 feet above the surface within the lateral boundaries of the 

surface areas of Class B, Class C, Class D, or Class E airspace designated for an airport; 

(b) At any altitude where there are clouds or obscuring phenomena of more than five·tenths coverage; 

(c) At any alt itude below 60,000 feet standard pressure altitude where the horizontal visibi l ity is less than five mi les; 

(d) During the first 1,000 feet of ascent, over a congested area of a city, town, or settlement or an open·air assembly 
of persons not associated with the operation; or 

(e) In such a manner that impact of the balloon, or part thereof includ ing its payload, wi th the surface creates a 
hazard to persons or property not associated with the operation. 

[Doc. No. 1457, 29 FR 47, Jan. 3, 1964, as amended by Arndt. 101·5,56 FR 65662, Dec. 17, 1991] 

Figure 5.2: FAA Regulations 
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§101 .35 Equipment and marking requ irements. 

(a) No person may operate an unmanned free balloon un less-

(1) It is equipped with at least two payload cut·down systems or devices that operate independently of each other; 

(2) At least two methods. systems. devices. or combinations thereof. that function independently of each other. are 
emp loyed for term inating the flight of the ba lloon envelope; and 

(3) The balloon envelope is equ ipped with a radar reflective device(s) or material that will present an echo to surface 
radar operating in the 200 MHz to 2700 MHz frequency range. 

The operator shall activate the appropriate devices required by paragraphs (a) (1) and (2) of this section when weather 
conditions are less than those prescribed for operation under this subpart, or if a ma lfunction or any other reason makes 
the further operation hazardous to other air traffic or to persons and property on the surface. 

(b) No person may operate an unmanned free balloon below 60,000 feet standard pressure altitude between sunset 
and sunrise (as corrected to the alt itude of operation) un less the balloon and its attachments and payload, whether or 
not they become separated during the operation, are equipped with lights that are visible for at least 5 miles and have a 
flash frequency of at least 40, and not more than 100, cycles per minute. 

(c) No person may operate an unmanned free balloon that is equipped with a trailing antenna that requires an 
impact force of more than 50 pounds to break it at any point, unless the antenna has colored pennants or streamers that 
are attached at not more than 50 foot intervals and that are visible for at least one mile. 

(d) No person may operate between sunrise and sunset an unmanned free balloon that is equipped with a 
suspension device (other than a highly conspicuously colored open parachute) more than 50 feet along, unless the 
suspension device is colored in alternate bands of high consp icuity colors or has colored pennants or streamers attached 
which are visib le for at least one mile. 

(Sec. 6(c), Department of Transportation Act (49 U.s.c. 1655(c))) 

[Doc. No. 1457, 29 FR 47, Jan. 3, 1964, as amended by Amdt. 101·2,32 FR 5254, Mar. 29, 1967; Amdt. 101-4,39 FR 22252, June 21, 
1974] 

Figure 5.3: FAA Regulations 

§101 .37 Notice requirements. 

(a) Prelaunch notice: Except as provided in paragraph (b) of this section, no person may operate an unmanned free 
balloon unless, within 6 to 24 hours before beginning the operation, he gives the following information to the FAA ATe 
fac ility that is nearest to the place of intended operation: 

(1) The bal loon identification. 

(2) The estimated date and time of launching, amended as necessary to remain withi n plus or minus 30 minutes. 

(3) The location of the launch ing site. 

(4) The cruising altitude. 

(5) The forecast trajectory and estimated t ime to cruising altitude or 60,000 feet standard pressure altitude, 
whichever is lower. 

(6) The length and diameter of the bal loon, length of the suspension device, weight of the payload, and length of the 
tra iling antenna. 

(7) The duration of flight. 

(8) The forecast t ime and locat ion of impact with the surface of the earth. 

(b) For solar or cosmic disturbance investigations involving a critical time element, the information in paragraph (a) of 
th is section shall be given within 30 minutes to 24 hours before beginning the operation. 

(c) Cancellation notice: If the operation is canceled, the person who intended to conduct the operation shall 
immediately notify the nearest FAA ATe facility. 

(d) Launch notice: Each person operating an unmanned free ba lloon sha ll notify the nearest FAA or military ATe 
fac ility of the launch time immediately after the balloon is launched. 

Figure 5.4: FAA Regulations 
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§1 01.39 Balloon position reports. 

(a) Each person operating an unmanned free bal loon sha ll: 

(1) Un less ATe requ ires otherwise. mon itor the course of the ba lloon and record its posit ion at least every two hours; 
and 

(2) Forwa rd any ba lloon position reports requested by ATe. 

(b) One hour before beginning descent. each person operating an unmanned f ree balloon sha ll fo rward to the 
nearest FAA ATe facility the fol lowing info rmation regardi ng the balloon : 

(1) The current geographica l posit ion. 

(2) The alt itude. 

(3) The fo recast t ime of penetration of 60,000 feet standard pressure altitude (if app licable). 

(4) The fo recast t rajectory for the ba la nce of the f light. 

(5) The fo recast t ime and location of impact with the su rface of the earth. 

(c) If a ba lloon position report is not recorded fo r any two-hour period of f light, the person operating an unmanned 
free ba lloon shall immediately notify the nearest FAA ATe faci lity. The not ice shal l inc lude the last recorded position and 
any revision of the fo recast trajecto ry. The nearest FAA ATe faci lity shall be notif ied immediately when tracking of the 
balloon is re-established. 

(d) Each person opera ting an unmanned f ree ba lloon shall notify the nearest FAA ATe facility when the operation is 
ended. 

Figure 5.5: FAA Regulations 

C - Pictures 
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