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Abstract 
 

 The University of Colorado – Boulder team will 
determine the viability of high altitude observatories by 
diurnal data collection regarding imaging celestial 
bodies and measuring light intensity in the stratosphere 
as a function of altitude, and by nocturnal observations 
entailing imaging celestial bodies to determine 
atmospheric turbulence and light intensity due to 
residuals in the atmosphere. 
            This will be achieved by mounting four 
photometers at 45° relative to the structure to the top. 
During ascent and descent these will record data for 
broadband viewing while at night an astronomical filter 
wheel will spin over one photometer, providing it with the 
opportunity to record data for five different wavelengths 
of light. The CCD cameras will record video for the 
duration of flight. One will have a large angle field of 
view in an effort to find points of reference in the night 
sky while the other will have a limited field of view to 
make more detailed observations. Additionally, MEMS 
accelerometer and gyroscope will make recordings 
regarding the vibration and stability of the platform. 
 
 
1. Mission Premise 
 
 The current two astronomical observation 
methods limit the quality of space observations or are 
extremely costly and the feasibility of a third option will 
be investigated. The first is ground based telescopic 
arrays, which are plagued with distortion in the 
atmosphere and are slaves to the weather. The second 
option is to use orbiting telescopes, while these provide 
the most superior resolution for scientific observation they 
are not cost effective. A third option for astronomical 
observation could be based on a lighter than air platform.  
By comparison it costs $600 to put 1kg up to high altitude 
on a lighter than air platform, where it costs $20,000 for 
1kg to be launched on a rocket to Low Earth Orbit (LEO) 

for an orbiting platform. Though the differences are great 
between ground-based telescopes and orbiting platforms 
the major deficiency of the ground based arrays lies in the 
atmospheric distortion. It becomes difficult to perform 
scientific observations due to this distortion, but that 
distortion disappears as altitude increases. 
 Determining if a high altitude observatory is 
possible will require qualitative and quantitative 
observations of the sky brightness as a lighter than air 
vehicle ascends through the atmosphere. To qualitatively 
measure the sky brightness or intensity is a matter of 
compiling a system of CCD imaging equipment and 
observing the sky during the flight with the purpose of 
capturing a star. The quantitative method for the 
determination of sky utilizes a photometer array devised 
by Prof. Brown of Dartmouth and tested by teams at the 
University of Colorado at Boulder. This technique 
provides quantitative results of intensity in Watts per unit 
area (W/m2). When flown by the University of Colorado 
this method was filtered to give results beginning at 
575nm and into the IR. With results that provided proof of 
concept, a new method has been conceived that utilizes an 
astronomical filter wheel to provide more empirical data 
in different parts of the electromagnetic spectrum. 
 While missions to high altitude observatories 
entails a higher cost than a ground based array by going as 
little as 30km up in the atmosphere the vehicle is above 
95% of the atmosphere, thus effectively 95% of the 
distortion will be gone from a ground based array. Though 
the size of the array now can be changed to be more mass 
effective. The Subaru telescope is an 8m array 4km above 
sea level, the Keck telescopes are 10m in diameter 
composed of 36 hexagonal mirrors, but all that would be 
required at high altitude would be a 0.5m mirror to 
provide superior imaging quality. Before this step can be 
taken empirical data has been compiled comparing the 
qualitative and quantitative data of star images compared 
to the intensity of light at altitude. At the altitude the 
HASP mission flies, the weather is 18km below and the 
platform and the sky is essentially black. This means that 
there is no interruption of the observatory due to poor 
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weather and even the sun because there is little scattering 
of light. 
 A high altitude observatory is the next step in 
astronomical science. It offers the more cost effective 
option as opposed to orbiting platforms with superior 
imaging to ground based telescopes. Jumping into the 
water of this type of observation cannot be made in one 
step, obtaining the empirical data is a logical progression 
from the original tests preformed at the University of 
Colorado. 

   
 
2. Mission Requirements 
 
 The University of Colorado- Boulder team 
envisions a project to provide empirical data on light 
intensity at high altitude and the capability to image 
celestial bodies with CCD imaging equipment. During 
diurnal operation a bank of photometers will test sky 
brightness as a function of altitude while two CCD 
cameras attempt to image celestial bodies to provide and 
answer to at what altitude stars become visible. Nocturnal 
operations will use the photometers to determine the light 
intensity due to residuals in the atmosphere due in large 
part to aerosols and hydroxyls. The CCD cameras on the 
other hand will continue to image stars with the intent of 
determining the turbulence of light at 36km. With a 20-
hour elapsed time all mission goals can be achieved with 
the end result being the ability to provide concrete 
evidence of the viability of high altitude telescopic 
platforms. 
 The systems working upon the DIE HARD satellite 
will be primarily independent of one another. The 
accelerometer works independently of a video recorder or 
any other device by recording the acceleration of the craft 
in it's own memory. The photometers will work by 
recording constant light intensity throughout the flight. 
The photometers will be recording with no filter during 
the ascent of the balloon and during the daytime. When 
the night comes about, a filter wheel will rotate one of 
three different filters in front of the photometers. These 
filters will repeat constantly for the duration of the flight, 
and will change the filter type every three minutes. The 
data from the photometers will be sent down to mission 
control in packet form. Based on the data recorded from 
the satellite, DIE HARD will decide whether uplink 
communication is necessary to change the operation of the 
photometer (different filter time intervals, different time 
frame for photometer recordings) to achieve better results.  
 The cameras will also be working during the entire 
duration of the flight. The camera will be powered by the 
power source on the satellite, and will link up to the hard 
drive in order to record a video of the entire flight. There 
will be two cameras operating, one attached to a telescope 

and one attached to a wide angled lens which will look in 
the same direction as the telescope. 
Each of the systems will be turned on with discreet 
commands an hour before flight. The systems will all be 
operating on a time basis, allowing the satellite to operate 
without any human influence. The only case where DIE 
HARD will be able to control their payload once the 
systems are on, is to change the function of the 
photometer if the packet data sent down is erroneous. 
 The HASP mission presents many design 
challenges for the team. Due to the long duration of this 
particular flight a completely different thermal profile will 
be experienced, due in part to the increase in altitude and 
the extreme cold that the platform will endure during the 
night portion of the flight. Also this platform goes 7km 
higher than the demonstration payloads the team has 
flown, this now means we get to fly even higher in the 
atmosphere and thus above even more of the light 
distortion.  
 
 
2.1. Science Components 
 
When brought to fruition the DIEHARD payload will be 
comprised of many systems to provide valuable data for 
the scientific community. Outlined below are the scientific 
and avionics components that will gather and store the 
data from the September 2008 HASP mission: 
 
 2.1.1 Orion StarBlast Newtonian Telescope 
The telescope is designed to provide a narrow field of 
view lens for the imaging of celestial bodies as a 
fulfillment to the mission statement. This will limit our 
field of view to roughly 1.2 degrees. 
 
Specifications: http://www.telescope.com 

Optical Diameter: 114mm 
Focal Length: 450mm 
Max. Magnification: 180x 
Minimum Stellar Magnitude: 12.1 
Length of Optical Tube: 457.2mm 
Interface: T-mount 
Weight: 1.8kg 
Cost: $232.00 

Factors in Decision of Component: 
 Suggested by science investigators as a way to 
further the experimentation conducted by the team on the 
HASP platform. 
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Integration 
 To be mounted at the maximal angle achievable 
due to the physical dimensions of the payload structure 
(28° - 32°). T-mount eyepiece to be mated with C-mount 
CCD camera via an adaptor. 

 
2.1.2 Pentax C2514-M(KP) Wide Angle Lens 

In addition to the telescope the payload will incorporate a 
wide angle lens to show a greater area of the sky to help 
identify what is in the field of view of the telescope.  
 
Specifications: http://www.theimagingsource.com 

Focal Length: 25.0mm 
Minimum Stellar Magnitude: 7.0 
Length of Optical Tube: 32.0mm 
Interface: C-Mount 
Weight: 0.055kg 
Cost: $194.00 

Factors in Decision of Component: 
 Provides a field of view that would allow for the 
viewing of full constellations, this field of view needed to 
be 20° - 25° to view the constellation Orion. 
 
 

 
 
 
Integration 
 To be mated with a CCD camera via the C-
mount interface found on both components. This 
subsystem must be mated on the same vertical plane and 
at the same angle as the telescope to ensure that both 
systems are imaging the same portion of the sky. 
 
2.1.3 OG-515 Schott Glass Filter 
Designed as a passive security measure to filter out 
potentially harmful levels of light in an effort to prevent 
them from hitting the CCD chip. 
 
Specifications: http://www.besoptics.com 

Start of Transmittance: 500nm 
Level of Transmittance: 0.5% 
Peak Transmittance: 570nm –to- 1800nm 
Level of Transmittance: 91.0% 
End of Transmittance: 4400nm 
Level of Transmittance: 3.0% 
Density: 2.76 g/cm3 
Cost: $108.00 

Factors in Decision of Component: 
 This is a long pass filter that will prevent the 
majority of light scattered off the Earth’s surface from 
hitting the CCD chip and potentially ruining images. 
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Integration 
 For best results this filter must be placed behind 

the lens and in front of the CCD chip. This would be in an 
effort to prevent light leaks that would obscure results. 

 
 2.1.4 PC-164 
This is the main optical component of the University of 
Colorado team with the purpose of imaging celestial 
bodies at high altitude and determines the levels of 
scintillation. 

 
Specifications: http://www.supercircuits.com 

Power Consumption: 
Voltage: 12+ 10% 
Current: 120mA 

Sensitivity: 0. 0003 lx 
Resolution: 508 (V) x 811 (H) 
Interface: C-mount 
Weight: 0.096kg 
Cost: $89.00 

Factors in Decision of Component: 
 This was the most economical choice for the 
HASP payload. It also provides for the simplest system 
when completely integrated with the rest of the 
components. Through field testing onboard high altitude 
experiments and independent testing this is has been 
determined to be the most viable option for the University 
of Colorado team. 
 
Integration 
 Via the C-mount threads at the end of its housing 
this camera will be mounted to either the wide angle lens 
or narrow field of view telescope. 

 
 2.1.5 Baffling 
Provides quantitative data on the intensity of light at high 
altitude by eliminating excess electromagnetic radiation 

 
 

Specifications: http://www/yorkebrown.net  
Baffling Length: 304.8mm 
Baffling Diameter: 31.75mm (Thick Wall) 
Internally refracting material on the inside of the tube 
 
Factors in Decision of Component: 
Tested through the Fall 2007 Gateway course and 
independent testing on February 23, 2008  
 
Integration: 
   The baffling tube is placed in front of the photodiode in 
order to limit the amount of light cast onto it. 
   The tube will be mounted at a 45° angle above the 
horizontal, protruding out of the main structure.  
   The tube will be coated with light absorbing material  
(black matte paint, black felt) on the inside to catch stray 
light rays 

The outer tube will be covered in reflective material to 
prevent any light entry besides that at the end of the tube 
 
 2.1.6 Optics 
Focuses the light entering the baffling tube to be collected 
on the photodiode. This will enable DIE HARD to 
quantitatively measure sky brightness as a function of 
altitude. 
 
Specifications: http://www.yorkebrown.net  

Focal Length: 25mm 
Diameter: 30.00mm 
 

Factors in Decision of Component: 
Based on science investigator’s tested design of optics 
systems in the photometers  
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Integration: 
Mounted behind the baffling tubing to focus the now 
parallel rays of light onto the photo-detector.  
Mounted against a cold finger to reduce dark current and 
with the photodiode at the focal point of the photometer 
tube.  

 
 

 2.1.7 Circuitry 
Collects the voltage from the photodiode and correlates it 
to a time interval to charge a capacitor and outputs an 
analogue signal. 
 
Specifications: http://www.yorkebrown.net  

OPA129U Op Amps 
OPA27 Op Amps 
LM335 Temp. Sensor 
Reed Relays 
µF polypro film capacitors 
PC1-6 Photodiode  

 
Factors in Decision of Component: 
Based on the design by Dr. Yorke Brown and flight tested 
on three separate occasions through the Fall 2007 
Gateway to Space course 
 
Integration: 

Mounted behind the photo-detector 
 
 2.1.8 Filter Wheel 
On one of the three photometers a filter wheel will be 
setup to filter out ambient light and show the levels of 
light intensity due to residuals in the atmosphere. 

 
Specifications: 

Able to contain three round astronomical filters 
and one broadband “open” slot 
Able to interface with stepper motor to rotate the 
wheel at given time intervals 
 

Factors in Decision of Component: 

Suggested by Dr. Yorke Brown as a means to further 
understanding of upper atmosphere light intensity.  

 
Integration: 

Placed between the optic focal lens and the 
photo-detector 

 
 2.1.9 Bessel V, R, I Filters 
The filters, once installed in the filter wheel, will be used 
to sort out light particles of a particular wavelength 
which reflect off of certain residuals in the earth’s upper 
atmosphere.  

 
Specifications: http://www.omegafilters.com 

·  Imaging Enhancement Attributes: Maximum 
Transmitted Wave front Distortion: 1/4 (or 
better) per inch.  

·  Wedge: < 30 arc seconds  
·  Flatness: 1/4 (or better) per inch.  
·  Anti-Reflective Coating: Multi-layer dielectric 

AR coating on both surfaces. R typically < 0.5% 
to increase transmission & reduce ghosting.  

·  Anti-Reflective Coating Durability: Moderate 
abrasion  
 

Factors in Decision of Component: 
Based on recommendations by Dr. Yorke Brown in order 
to better understand upper atmospheric light intensity and 
light-reflecting residuals that may inhibit readings of a 
high altitude telescope platform. 

 
Integration: 

·  Placed into the machined filter wheel 
·  Positioned between the lens and photo-detector 

 
  2.2.1 HMC6352 Compass 
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2.2.2 ADXL330 Accelerometer 
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2.2.3 MAX6605 Temperature Sensors 

The temperature sensor shall be capable of measuring 
temperature down to -55 degrees Celsius. Overall this 
system is to measure the temperature inside the payload. 
Specifications: 
6V operation, -55 degrees Celsius, analog output, 10mA, 
11.9mV/C 
Reason for choice:  
The MAX6605 was chosen because it will intake 
temperature data continuously through all temperature 
variations anticipated, and satisfies the requirements.  

Testing:   Since this is an analog device, an oscilloscope 
can be used to test the  
functionality of the sensor. 
 
  

 
 
 
 
 
2.2.4 Stepper Motor 
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 2.2.5 EasyDriver v3 Stepper Motor Driver 
The SM driver is used to control the stepper motor 
attached to the filter wheel. It controls the turning of the 
motor and 
filter wheel. 

Specifications 
7V-30V input, compatible with 6-pin motors. 
Reason for Choice: 
The Easy Driver was chosen because it can easily control 
the stepper motor and be interfaced to the AVR 
microcontroller.  
Design/Interface: 
The easy driver will be controlled by the AVR through 
two DIR pins. They will be tied to the digital I/O pins.  

 
 2.2.6 Pressure Sensor 
The purpose of the pressure sensor is to monitor the 
atmospheric conditions inside the pressure vessel in order 
to prevent catastrophic failure of the hard drive system. 
Specifications: 
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The pressure sensor will need to be able to read down to 
6.4 PSI (20,000ft) and have an analog output 
Design/interface 
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3. Structures 

 

 
Figure 1. Complete Structure 

 
 
 
 
 
 

 

Figure 2. View of Internal Components from Above 
 

 
 
 
 
 
4. Test Results 

 

 
Figure 3. Image from 2/23 Flight Test 

 
 
 
 

 
Figure 4. Image at 85,000’ from 2/23 Flight Test 
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Figure 5. March 20th Photometer Twilight Test 

 

 
Figure 6. Student Working on Imaging Circuitry 

 

 
Figure 7. Student Test Payload w/ Photometer 
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