
Introduction 

“Space, the final frontier.” – Captain Kirk TOS 

The famous first words of Kirk are not really true anymore: hundreds of balloons and people have been to 

near space and beyond, but I'm always held an interest in doing exactly that. 

As a child I always envisioned sending a film camera up on a kite, but its weight and trigging the shutter 

would leave that idea permanently grounded. 

But to quote James Meehan “I'm a firm believer that the truest forms of experimentation and invention 

have no purpose -- it's pure curiosity and challenge.” This was this thought that kept the dream alive. 

The winter break of my freshman year was when I first had an urge to send a camera into space. I ran out 

of time and the resultant was a cobbled together manila folder model rocket with a CVS camera glued 

onto it. It was so heavy that I needed a C-6 Estes Engine to just get it off the ground. Its overpowered 

engine and bad aerodynamics caused it to never break the FL 1 mark. 

However flawed that rocket was, it taught me some important lessons on systems design: I was able to 

perfect my parachute design, work on the camera subsystem and learn that not everything is going to be 

right come the day of the launch. 

During the winter break of my sophomore year I began construction in earnest. Like jmeehan I was in the 

middle of a life, how do I phrase it, speed bump? Before, to deal with the ups and downs for life, I would 

read or try to build something with Lego. I guess this time the balloon was the resultant: emotions turning 

into creative juices fueling the project. 

My single design direction for all my projects has always been maximum ability, minimum monetary 

cost. And my design heavily reflects that mindset. 

Tracking Subsystem (GRACE) 

The most vital part, even more so than taking pictures, is tracking the balloon’s final location. Because of 

the importance of this, I wasn't frugal and spent the appropriate funds on the tracking subsystem. The 

tracking subsystem dubbed GRACE stands for Gimbal Righted Adjutant Communication Equipment. 

GRACE consists of a homemade cardboard 4 axis gimbal (with the outmost spherical surface being the 

4th axis as it allows it to roll). The construction material of the gimbal was cardboard. This was for a 

variety of reasons: the weight to size to strength ratio of cardboard, its lightness and easiness to 

manipulate. The joints are made of Lego 2x1 and round connectors. Each axis was cut from cardboard 

boxes in half circles then glued to form 3 layers per axis ring. 

The SPOT unit and phone are bolted on the gimbaled surface. The Energizer backup cell phone charger is 

on the bottom to provide a counterweight and prevent it from flipping upside down. In at-home testing, 

the gimbal proved to be very effective. With FINNP payload down on the ground it should come to a very 

gentle rest (< 5 m/s). 



The idea for a gimbal stemmed from a couple of different places. Firstly the UCSD team had been using 

gimbals with great success. Secondly the concept behind it is very important. The SPOT personal tracker 

and the old i415 are both very sensitive to antenna placement. Both units are only tolerant to a couple of 

degrees of tilt and must have an unobstructed view of the sky. The idea of the gimbal is that whichever 

direction the payload lands, the gimbal would always have the spot unit and cell facing upwards. 

I made from significant modifications to the UCSD design which used a plastic mouse ball and PCB 

rings. I approximated the weight of those components and decided that they were too heavy. I replaced 

the rings and outer casing with cardboard. My gimbal is also significantly larger than theirs as it contains 

the SPOT, i415 and accompanying charger. 

Both the Motorola i415 Boost Mobile and SPOT Personal Tracker were purchased from eBay. The i415 

was $8 and the SPOT was $41. Initially I had planned to fly the payload without the SPOT because of the 

cost, but in the end my reasoning was that if I couldn’t retrieve my payload, the net cost of losing a 

payload would be greater than the cost of a SPOT and the tracking fee. 

The reason that I didn’t buy anything new was simple: the cost of used electronics is much less than new 

electronics. And for those who have experienced buying a used DOA electronic device out of warranty, 

my reasoning is this. A new cell phone would have set me back $50 at the local Radio Shack: even if my 

used cell phone was DOA, I could buy 4 more at that price before “losing money.” Also cell phones are 

generally easier to flash/crack so I felt confident that I could make it work.  

As for the SPOT, you have to be more careful about buying one. The company that runs the SPOT service 

only allows the device to be registered to a single user. Even if the service from the previous person has 

expired, they still have to “release” the unit. What I did was email all the eBay users that were selling 

their units and ask for the ESN and activation code. If they didn’t respond I wouldn’t bid on the units. If 

they did respond I would plug the ESN into the SPOT website to check if it had been activated. Just 

following those simple steps saved me over $100. It also took a lot of time and patience, so weigh the 

benefits and costs. 

Payload (FINNP) 

Camera Subsystem 

The camera that I ended up using was out family’s first digital camera, a Nikon Coolpix E2100. This 

camera doesn’t have a lot going for it: it was very old, power hungry (it could completely drain two 

standard AA batteries in 10 shots with flash), and has a low megapixel count (only 2MP). However it has 

several features that made it an appropriate choice. Firstly it has a great f-stop for a camera of its age 

(2.6), it performs great in low light (coolpix trademark) and was really small. 

This camera had been retired 5 years ago when my sister dropped it and cracked the screen. The camera 

was used as a CF card reader for a couple years, but when our family’s cameras went to SD cards mainly, 

it got tossed in the parts bin. Be creative about your camera source. I’ve seen so many cameras tossed out 

because their screens were broken. 

Video Camera 



The current video camera in the payload had a broken focusing motor so I ended up locking it at infinity. 

It records VGA (640*480) video onto a 1GB SD card. The video camera doesn’t support SDHC cards. 

The camera currently installed on the FINNP payload is a stopgap measure until the 1080p camera is 

shipped from china. I bought it there to save money, but it ended up taking longer than I expected to get 

here. 

Power subsystem 

One word: Lithium. Standard alkaline batteries are simply outclassed: they can’t go to -40F, they have 

lower voltage, and lower amperage. Lithium batteries are the favorites of geeks and jocks (mountain 

climbers) alike: they work longer (better voltage levels when being heavily drained) and better (low 

temperature performance).  Three tips for batteries: get the batteries online, use voltage regulators, and 

have backups.  Lithium batteries are also really expensive. I once saw them at a local electronics store 

(cough Best Buy) at $2.50 for each AA! They know that the newest generation of electronic devices is 

power hungry and they are more than happy to provide you with the best batteries for them, at a price. On 

amazon you can get them for $1.60 per battery.  

I’ve watched enough YouTube videos with the text “and then we ran out of batteries” at the end. That’s 

just lame, you engineered a machine that can penetrate the edge of space and it ran out of batteries? To 

prevent this from happening, I used several TI voltage regulators. My main battery pack is a pair of 4AA 

packs in parallel (8AAs total) to provide 6V @ 5000ma. They provide power to the RCX, Camera and 

Video Camera. 

I used PTH08000 to provide 3.7V and 5V to the camera and video camera respectively and a buck boost 

converter, PTN04050 to provide 9V for the RCX. This way if a single component draws more than 2W, it 

automatically shut it off (like if water freezes and becomes ice in the camera and shorts it out). There is 

also a backup cell charger on GRACE powering the cell phone. The SPOT doesn’t have a backup battery 

as its runtime is over 2 weeks. 

Balloon 

I bought a couple of military surplus balloons. They are Kaymont 800g manufactured in 1987. An 

interesting note is that they are designed to be filled from the top and then attached to the payload via a 

load bearing string on the bottom. It also has a stabilizing tail made of latex. I initially was going to buy 

directly from Kaymont but their 1200g was too expensive for my taste ($150). So again if my $25 balloon 

doesn’t work then I can buy 5 more before losing out. 

Parachute  

I’ve been making parachutes since I was little and this one was by far the largest I’ve ever made. It has a 

5 ft diameter and individually tensioned stringers. For simplicity it’s a round chute so it is prone to 

oscillations. However because it’s so large and intentionally oversized, it doesn’t suffer as much as some 

smaller ones. I tried a new parachute ring design and an automated shredded balloon-envelope retraction 

device on this flight.  

If all else fails, it’s large enough to act like a giant streamer. 



Flight Computer 

Since I didn’t buy a cannon camera and use CHDK like everyone else, I had to find an intervalometer to 

trigger the camera’s shutter. Thinking around I came up with the brilliant idea of using my favorite 

microcontroller and favorite childhood toy to control my balloon, a Lego Mindstorm. So not only is it 

cheap (free!) is get major nerd credit by using a Lego device to go into space. 

The Mindstorm has three major functions: log the temperature internally and externally, trigger the 

camera every 5 seconds, and activate the 90db alarm after 150 min. I programed it using nqc and flashed 

it using a nix laptop. 

Launch Tools 

To measure the lift of the balloon I fill a milk jug with 2.8kg of water. When the balloon can lift that, then 

it’s ready to launch. Also in lieu of a regulator, I constructed a custom fill hose. 

Cost 

Hard Costs 

Balloon   025.00 

Reed Relay  001.70 

SPOT   041.00 

Motorola i415  008.00 

Total   075.70 

Consumables 

Helium   050.00 

SPOT   150.00 

Boost Service  000.35 

Total   200.35 

Net Total  276.05 

So no I wasn’t able to beat those MITers. And it’s pretty disappointing. They had several considerable 

advantages: being able to drive to their launch site (my parents wouldn’t be too keen on that idea), living 

in Massachusetts where cell phone coverage is 3 to 4 times as dense as in California., and being 

incredibly lucky (their cellphone chirped out a location before landing in the middle of nowhere). But for 

the increased cost, I have significantly increased my odds of finding my package and can land it anywhere 

(I would like to try a sea launch as recovery would be a lot easier). 

  



The Launch 

Preflight Checklist 

On Saturday call the FAA:  (310) 725 – 3644 

NOTAM: 

The balloon is unmanned, carrying two payloads: designation Golf-Romeo-Alfa-Charlie-Echo and 
tracking payload Foxtrot-India-November-November-Papa. They are the tracking and camera payload 
respectively.  
 
The estimated date and time of launch is Sunday, February 20th, 2010 at 0800 Hours 
 
The location of the launch site is Thousand Oaks, California 
Lat  34° deg- 13' min- 1223" sec  
Long -118° deg- 49' min- 2911" sec  
 
The diameter of the balloon is 5 ft 
The suspension device is 10 ft long  
The weight of the payload 3.7 lbs 
 
The duration of flight is estimated to be 2 hours 30 min 
 
The forecast time and location of impact with the surface of the earth is 1130 hours at Barstow, California 
Lat  35° deg- 27' min- 73.29" sec 
Long -117° deg- 46' min- 83.80" sec 

1. Spot ON 
2. Cell phone on (still on internal battery) 
3. Start the heat packs 
4. Start filling the balloon 
5. Finish the balloon and stopper it. Tie to car 
6. Check the data feed from both the SPOT and cell phone 
7. Move cell phone to internal power 
8. Power switch to on 
9. Flash the rcx 
10. Turn on video camera 
11. Run rcx and camera test 
12. Start recording video 
13. Seal payload 
14. Turn on camera and rcx 
15. Start program 
16. Listen for clicking 
17. Take pictures 
18. Let go 

Post-Flight Analysis 
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