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Abstract 
  

Mapping green space (i.e. areas of heavy vegetation) by means of high altitude near-

infrared-photography (NIR) utilizing standard commercial grade cameras was carried 

out by the summer 2008 student payload team.  The balloon payload consisted of three 

digital cameras attached to a gondola each having one degree of freedom.  Green space 

was measured with two photographs at the 765nm and 650nm wavelengths using GNU 

Image Manipulation Program (GIMP) to process the image and discern areas of green 

space.  Two broadband filters (ɚ >700nm and 530-630nm) were used to discern stressed 

vegetation from non-stressed vegetation within the green space map to find areas of 

over-fertilization.  The third camera on the payload was a small pinhole type camera 

used as an in-flight recorder to provide visual feedback as to the balloon status during its 

flight.  Finally, it is suggested that a cheap balloon imaging system could be used to 

quickly map rural and urban regions improving local and state land management 

agencies ability to track such problems as invasive plant species, urbanization, algae 

blooms, runoff, and deforestation to name a few.             

 

Background 

 

The student satellite program is designed for students to launch a high-altitude weather 

balloon in order to perform experiments in a near space environment, roughly 100,000 

feet above the Earth.  Two teams comprise the twelve student program; the launch team 

and a payload team.  The launch teamôs primary purpose is to facilitate the launching, 

tracking and recovery of the balloon.  A six student payload team comes up with an 

experiment then designs and constructs a payload to carry out that experiment.  The 

results of the launch and experiment are then presented at the yearly Wisconsin Space 

Grant Consortium (WSGC) Space Conference.           

 

Initially, when the payload team came together in early June 2008 many ideas were 

generated for an experiment to be performed on the high-altitude balloon.  The one 

reoccurring theme within all these ideas was that the experiment should be related to the 

environment and utilizes a form of spectroradiometry.  To help our team narrow down a 

potential experiment, we contacted Anne Amelse of EarthTech, a local wildlife 



conservatory group, in order to assess the needs of local and state agencies in their effort 

to manage both rural and urban areas.  Through our meeting with Anne, it was 

determined that a quick and cheap method to map land regions and discern such things as 

invasive plant species, wetlands, runoff, etc. would be beneficial in her work.  Our group 

concluded that a system involving a high resolution digital camera could be used in 

conjunction with optical filters to distinguish areas of heavy vegetation.  Finally, within a 

green space map a method of mapping areas such as runoff, wetlands, or invasive plant 

species could be discerned.    

 

Green Space Experiment 

 

1) Detection of Green Space:  Experimental data was obtained through the use of three 

CCD arrays in three separate digital cameras.  The CCD arrays captured the light 

reflected from the Earth in images.  By manipulating the bandwidths of light recorded by 

the CCD array, it was expected that green space and areas of plants sensitive to the stress 

of over fertilization could be mapped.  For this purpose, the payload employed two Earth-

pointing cameras, a control camera and a camera set behind a rotating filter wheel.  The 

control camera served as a geographic reference and provided information as to the level 

of background light.  The filtered camera was fitted with broad and narrow bandwidth 

fil ters chosen for the experimental purposes.  The equipment selected for the two 

experiments is outlined below:  

2) Detection of green space:  Two narrow bandwidth inferential filters, 765 nm and 650 

nm, were used for the objective of mapping green space.  Prior research found the ratio of 

light intensity recorded at these wavelengths could be used in detecting and mapping 

green space (Furumai et. al, 2006).  CCD cameras outfitted with inferential filters have 

successfully isolated vegetation in images based on these premises (Huber, 1998). The 

process requires that the experimental photographs be overlaid in an image processing 

program.  Vegetation is ñmappedò when an algorithm identifies the pixels in which the 

ratio of NIR to green is exceeded.  

3) Detection of stressed plant life:  Detection of plants sensitive to the stress of over 

fertilization Two broadband inferential filters corresponding to the NIR region (greater 

than 700 nm) and the green spectrum (530-630 nm) were used to differentiate between 

plants that are sensitive to the stress of over fertilization (reflect light in the green 

spectrum as recorded by the CCD array) and those that are not sensitive (reflect light in 

the NIR region).  These plants would be detected within the areas of green space mapped 

in the first experiment.   

Analysis of Recovered Pictures 

Due to the late launching of the balloon and limited time before the 2008 Space Grant 

conference, only a limited amount of processing and analysis could be performed on the 

recovered photos.  A more exact method of analysis could be performed using the 

method outlined above with an image processing algorithm.  If time permitted this would 

have been done using either MatLAB or C++ to perform a pixel by pixel comparison.  



The following figures are an attempt to discern differences in vegetation versus non-

vegetation by looking at certain bandwidths of color within the filter images.  This 

analysis was performed using GIMP and itôs select by color tool that was limited to a 0 - 

255 color range.  Figure one below shows the overlapping and alignment of four pictures 

taken with the four optical filters placed over the NIR filter. 

 

     

 

          

 

 

 

 

 

 

 

 
                                 Figure ï 1 Alignment of all Four Photographs 

 

Analysis of most of the recovered photographs proved difficult due to the speed of the 

balloon causing the successive filter pictures to not be of the same geographic regions.  

However, as the balloon ascended the pictures had a wider field of view allowing for a 

set of pictures to be aligned and overlapped.  The resulting pictures in figures two and 

three shows the analysis of the only set of pictures that were able to be matched up.     

 

 

 

 

 

 

 

 

 

 

 

 

 Figure ï 2 Colors from 200 - 249                            Figure ï 3 Colors from 171 - 226 

                    Showing Some Green Regions                   Showing Non Green Space 

 

Looking at figures two and three it is apparent that with the filters, areas of heavy 

vegetation can be parsed out as well as areas of non-vegetation.  Some abnormalities 

occur in the analyzed pictures due to a complication with the cameras weather stripping 

used to block external light.  Furthermore, the preceding figures show that green space 

could be mapped with a cheap imaging system.  However, distinction between areas of 

stressed vegetation to non-stressed vegetation within the green space is indeterminable.  

Future improvements would involve refinement of the imaging system and development 
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of an image processing algorithm to exactly discern green space and provide quantitative 

results.  It would then be possible to determine if mapping areas such as wetlands, algae 

blooms, and invasive plant species could be done.  Finally, a list of suggestions for 

further improvements of this experiment is presented below in the recommendations 

section.      

In Flight Recorder 

The in-flight recorder experiment consisted of creating a cheap disposable visual recorder 

of the balloons flight.  This was done utilizing a SpongeBob pinhole camera procured 

from Target for 20 dollars.  The camera shoots pictures in 640 by 480, 320 by 240, and 

doubles up as a video recorder.  Figure one shows the schematic of the camera as it is 

interfaced with the Basic Stamp Two through the use of a quad-analog switch CD4066.   

The stripped down camera and its enclosure on the payload are shown in figures four and 

five.   

 

 

 

 

 

 

        

 

 

 
               Figure ï 4 Interior of Pinhole Camera                         Figure ï 5 Schematic of Pinhole Cameras                

                                                                                                                       Interfacing to Basic Stamp 2 

 

The pinhole camera turret was programmed to move the camera between two views; 

looking out at space and up at the bottom of the balloon.  Only pictures in the 640 by 480 

format were used during the flight.  Two pictures were taken in tandem for both views 

and each pair was taken approximately every minute.  Pictures six and seven show the 

state of the balloon at its maximum altitude of 102,000 ft right after the balloon popped.  

 

 

 

 

 

 

 

 

 

 
 

  

 Figure ï 6 Atmosphere around 102,000 Feet                    Figure ï 7 Balloon around 102,000 Feet 

 



During the payloads decent the telemetry onboard the command pod suggested that the 

parachute had not deployed due to its 300+ miles per hour fall rate.  A sample of the 

pictures from the pinhole camera confirmed this hypothesis.  Figures eight and nine, 

shows the tangled parachute and command pod as well as a picture of the landscape just 

before landing in an oak tree. 

 

Finally, the images recovered from the pinhole camera were all taken during the latter 

half of the balloon flight.  Due to the cameras memory storage configuration as a first in 

first out system, earlier photographs were deleted as new photographs were taken.  This 

occurs when the memory reaches 114 photos and starts deleting earlier photos for newer 

ones.     

 

 

 

 

 

 

 

 

 

 

 
  

 

 Figure ï 8 Payload View at Approximately                    Figure ï 9 Last Arial Picture before Landing 

      10,000 Feet            

 

 

Payload Construction 

 

Mechanical: The primary objective of the payload was to use digital cameras and 

optical filters to obtain pictures of the ground terrain.  Designing the mechanical 

components of this payload involves two cameras: one NIR camera, one control camera, 

a mechanism for changing filters, a mechanism for changing the direction of the cameras, 

and a structure to support all other elements of the payload.  The experiment being 

conducted during the balloons fl ight requires the payload to have functionality while 

dealing with the extreme temperature and pressure of a near-space environment 

(approximately 100,000 feet).  In addition to these design goals the weight of the payload 

must be less than or equal to six pounds.  Final concept and construction model are 

presented in figures ten and eleven.  Slight changes were made due to testing and further 

realization of the components needed.   

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 
            Figure ï 10 Final Solid Works Model                                Figure ï 11 Assembled Payload 

 

 

A yoke and carriage design was used for its structural rigidity and simplicity of 

construction.  The yoke section utilizes a ñCò beam design to offer greater strength and a 

cavity to house electronics.  Initially, aluminum was suggested as the structural material 

but was changed to model grade plywood since it was lighter, could be sealed, had 

sufficient strength, and cost less.  However, testing of the structure showed that 

reinforcing of the carriage pinions was needed when plywood was used.  A PTFE bearing 

with an aluminum shaft was used between the connection of the carriage and yoke.  The 

wooden structure was sealed with Minwax polycrylic and glued with wood glue and two-

part epoxy.  Motor servo torque was calculated with a SolidWorks model of the payload 

and measured a minimum of 100 oz-in for motor capacity. 

 

  

 

 

 

 

 

 

 

 

 

 
 

 Figure ï 12 Lens Disk and the Lens Disk Mount                           Figure ï 13 Actual Lens Disk and Mount 

 

Filter changer design consisted of using a rotating disk with filter lenses imbedded within 

the disk allowing a servo motor to adjust and position the filters over the camera lens.  

The filter disk was designed in SolidWorks and fabricated at Milwaukee School of 

Engineering rapid prototyping center.  Each pocket for the lens filters was designed with 

in the +/- 0.002ò tolerance to obtain a snug press fit for each filter.      

 

 



One of the problems encountered was in mounting the cameras to the carriage.  Due to 

the design of the camera casing, the camera would wobble on the carriage surface and 

was not flush.  Solving this problem required the use of a ıôô thick foam laminate placed 

under the camera to prevent wobble and provide a flush fit. Figures 14 and 15 show the 

foam laminate on the carriage as well as the cameras sitting in position.  

   

 

 
 

 

 

 

 

 

 

 

 

              Figure ï 14 Cutout of the Foam Board                                    Figure ï 15 Cameras Mounted to the Foam 

 

 

Electrical/Electronics: Two circuits were designed for the payload; a data-logger 

board for main camera control and a servo controller.  Both boards utilized a Basic Stamp 

2e which is an industrial version of the standard Basic Stamp Two (BS2) and has a rated 

operating temperature down to -40 degrees Celsius.  The BS2 microcontroller was chosen 

for its simplistic programming language and abundant resources pertaining to controller 

applications.  There was also a BS2 development board and hardware from the 2007 

payload team.  Camera control was done by soldering magnet wires onto the bus lines 

responsible for focusing and picture taking, shown in figure 16.  Both magnet wires were 

then soldered onto larger wires and glued down to ensure no breaks in the wire could 

occur.  Power consumption in the cameras was reduced by placing a toggle switch in 

series with the LCD back light thus allowing the LCD to be turned on during 

programming and off during flight.     
    

 

 

 

 

 

 

 

 

 

 

 
              Figure ï 16 Magnet Wire Tacked onto the                Figure ï 17 Finished Circuit Boards 

        Camera 

 

 


