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1.0 Primary Objectives and Requirements  

Author:  Ashleigh Bailey 

 

1.1  Background and Context 

Global warming is an important area of study in the scientific community. Many people 

are demanding a rigorous description and understanding of the causes and effects of global 

warming. Petroleum prices are on the rise, the ethics behind the use of petroleum are being 

debated, and the future of the global environment is being scrutinized. Though the validity of the 

concept is heavily debated, the potentially negative and universal effects of global warming will 

make it a major area of research for years to come. In the study of global warming, glaciers have 

proven to be invaluable tools for evaluating and monitoring changes in climate and temperature. 

The glaciers of the arctic and Antarctic regions represent the largest reservoir of fresh water on 

the planet. Entirely composed of solid, compressed ice, these glaciers are constantly flowing 

across the land due to seasonal melting and refreezing. The motion of these glaciers each season 

is extremely sensitive to the local climate and temperature, making each glacier a large-scale 

indicator of global climate change. By studying the motion of these glaciers during the spring 

and summer months, researchers may be able to make advances in the understanding of global 

warming. 

  

In order to study the motion of glaciers, scientists often 

mount GPS receivers to their surface. The process for placing 

and monitoring these receivers is often difficult and costly 

because glaciers tend to be located in the Arctic and Antarctic 

regions of the planet. Researchers are typically required to trek 

out across the glacier to several locations and manually place the 

GPS equipment. Additionally, most of the equipment, once 

placed, is unable to remotely transmit data back to a nearby 

research station, requiring that the scientists return at regular 

intervals to retrieve the data. These procedures require the 

researchers to travel through hostile environments, placing 

themselves and the expensive equipment in danger. In response 

to these dangers, the Research and Engineering Center for Unmanned Vehicles (RECUV) has 

proposed a new technique that will provide a higher level of safety to the glacier researchers. In 

addition, the technique will save time and money. RECUV is sponsoring the development of a 

system that will allow GPS receivers to be placed and observed remotely via one or more 

remotely controlled vehicles (RCs), eliminating many of the hazards posed by current research 

methods. This system would allow scientists to remotely deploy and monitor glacier research 

equipment from the safety of a nearby research station. 

 

The goal of the project described in this document is to design a system for the 

deployment of several low-cost sensor packages from a fixed wing RC. The system was 

designed to attach to a variety of RC models so that it can be adapted to many different 

scenarios. Each sensor package was designed to be inexpensive and disposable, with very low 

environmental impact, eliminating the need for researchers to retrieve the equipment after a 
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study. The system improves over current research methods by decreasing cost and increasing 

versatility in a variety of environments. With this system, scientists will be able to cheaply and 

remotely monitor glacier behavior and conditions, providing greater opportunity for advances in 

the understanding of the impact of global warming. 

 

1.2  Goal 

The goal of this project is to improve on current methods for glacier study by reducing 

hazards to both personnel and equipment. In order to accomplish this, a system for the remote 

placement and observation of sensors needs to be developed in the Polar Regions with the help 

of RC technology. The sensors will be capable of measuring and transmitting global position and 

atmospheric temperature and pressure data to be used in the study of glacier movement due to 

global warming. 

 

1.3  Objectives 

In order to achieve these goals, certain objectives needed to be defined to fill in the 

details of what was going to be expected in this project. An overall objective was first defined in 

which a deployment system was going to be developed in order to deploy a network of small 

sensors for a fixed wing aircraft onto a specified location on the glacier. The sensors will be 

programmed before takeoff to receive and record the translation of the glacier over a specified 

time period. Once this time period has passed, the aircraft, now carrying a receiver package, will 

locate the sensors and transmit data from the sensors. 

 

1.3.1  Sensor Packages 

A pivotal part of this project would be the actual sensors used in order to collect the 

desired data. Three sensors shall be designed, built, integrated, and tested.  One fully functional 

sensor needs to be produced for proof of concept. This sensor needs to be carried and deployed 

in order to demonstrate the ability to land the sensor within the desired target area, perform 

autonomously, record data, and have the ability to upload data remotely for retrieval.   

 

1.3.2  Sensor Deployment System 

In order for this project to be feasible, a good deployment system needs to be conceived, 

designed, fabricated, integrated, tested and verified that operates from an RC aircraft or as part of 

such aircraft.  This deployment system shall be capable of operating on a Telemaster and a 

Velocity aircraft. A series of three sensors will be deployed from a specified aircraft for the 

purposes of proof of concept. 

 

1.3.3  Data Acquisition 

Along with the deployment of these sensors, it is important to retrieve the data the 

sensors have collected. A method for recovering data from the sensors on the ground has been 

developed.  This should be operated remotely, so that members will only have to be within 10km 

of the sensor.  It will be permissible, for testing, for a pilot to be within 300 yards of the sensor 

so that an aircraft may be piloted.   
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1.4  Project Requirements 

This project was conceived by a professor at the University of Colorado. In order to build 

a system that worked for this professor, Professor Maslanik, certain requirements were laid out 

by the professor in order to guide the project to a solution that worked for him.  

 

1.4.1  Overall Project Requirements 

One of the top level requirements set out by the customers was the system shall be 

interfaced with and delivered by a fixed-wing aircraft. A Telemaster R/C plane will be used to 

test the overall system. Fixed wing works best for delivery time and range. The system should be 

capable of adapting to a UAV at a later point. 

Since a requirement for the specific aircraft to be used was put into place, a weight limit 

needed to be created in order to allow the aircraft to fly under close to normal conditions. 

Therefore the total mass of the sensors as well as the deployment package shall be no more than 

5 kg.  

The next requirements put into place were environmental requirements stating that the 

system must be able to work in temperatures as low as -10
o
C (14

o
F). These are Arctic & 

Antarctic temperatures in summer/spring, which is when the customer is interested in collecting 

data. Normally, these kinds of temperatures are not difficult for most electronics to handle.  

Once these sensors are deployed, it is not anticipated at the present time that these sensors 

will be recovered. Therefore the next requirement put into place is that all devices, mechanisms, 

and deployable shall comply with environmental standards for electronics (RoHS). This would 

require lead free components.  

With the idea of these sensors being left on the glacier and not being retrieved, a 

requirement was set forth in order for the data on the sensors to be acquired. The data will be 

acquired by the ground-based sensor system shall be transmitted via radio at 2.4GHz frequency 

to an airborne fixed wing aerial platform.  These are the top level requirements for the project.  
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2.0 Systems Architecture  

Author:  Heather Gass 

Co-Author: Ashleigh Bailey 

 

2.1  Overview of Systems 

The ADAMSS project has three major systems that are crucial to mission success: The 

deployment package, the sensor package, and the receiver package. Overall, the combination of 

these three packages comprises the scope of the whole project. The driving aspect of the whole 

project was decidedly the development of the sensor package. The power and mass requirements 

were primarily made to make a compact system that consumed as little power as possible. After 

this, the deployment package was the next big consideration. After initial concepts were 

independently formulated, project iteration happened in concert for both of these packages. The 

receiver package was developed and maintained almost completely independently from these 

two primary packages.    

 The Sensor Package (SP) is the system that is dropped onto the glacier and records GPS, 

pressure, and temperature data for 5 days.  This package is the design driver for the project and 

after careful consideration, a whirlybird profile was chosen for the design.  A whirlybird is a spin 

stabilized self contained drag device (See Figure 1).  The whirlybird sensor packages will be 

deployed from the Telemaster aircraft, impacting the ice with terminal velocity of approximately 

5-10m/s.  Testing has shown that the angle of attack on the whirlybird wings allow for stable 

descent to the glacier as well as surface stability when horizontal winds are present. 

 
Figure 1: Whirlybird  

The Deployment Package (DP) includes all components necessary for the interface of the 

SP to the plane and the deployment of the SP.  It is designed to allow for proper sensor package 

deployment and protection during transit with minimal drag and center of gravity effects on the 

aircraft.  The sensor package wings are bent and folded to fit into the deployment package 

canisters.  These canisters are attached to the aircraft with a linear bearing release system 

released by a pin servo.    

The Receiver Package (RP) is interfaced with the plane and aerially collects the data from 

the sensor after the 5 days of data collection.   The receiver package has minimal structural 

components and is designed to fit in the bay of the aircraft with simple attachment/detachment 

capabilities.   
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This chapter will discuss these three systems with an emphasis on their structural 

components and how they fit together to form ADAMSS.   The concept of operations for the 

ADAMSS project is summarized in Figure 2.  

 

 

Figure 2:  Concept of Operations 

During the deployment phase preflight, the sensors packages will be powered on and 

loaded onto the Telemaster aircraft.  The aircraft will then fly to a specified location, within 

10km of the takeoff location and the sensor packages will be deployed from the aircraft (one at a 

time) to three locations on a given glacier. This was the original concept based on initial 

requirements. The end result of the complete project was to reduce the sensor count to two as 

well as removing the distance requirement. Both of these were discussed with and approved by  

the customer. The ótwo sensorô method was done primarily as a óproof of conceptô, and allows 

for further development to occur at a later time. The aircraft will return to the takeoff location 

and the sensors will be left on the glacier to record pressure, temperature, and GPS data for 5 

days.  After the five days of data collection is complete, the receiver package will be loaded into 

the bay initiating the data retrieval preflight phase.  The aircraft will fly over the 2 sensor 

packages and the data will be aerially uploaded by the receiver package.  Finally, the Telemaster 

will land at the takeoff location with the data onboard for analysis. It is important to note that 

only one sensor package has been built, tested, and deployed from the aircraft. Additional time 

would be needed to fully develop the project but the concept has been proven.  

2.1.1  System Structure Model 

 The overall system structure can be seen in Figure 3.  The figure clearly shows the 

locations of the fuselage with the two under the wings and one beneath the fuselage. 
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Figure 3:  Structure System 

The sensor packages are dropped from either side first, and then from under the fuselage.  

This is done in order to minimize changes of the center of gravity location so the flight can be as 

stable as possible.  Once the deployment shell has fully separated from the ball bearing track, the 

deployment shell will open due to the spring-loaded hinge at the bottom of the shell, as well as 

the force of the wings opening due to the torsional springs on the wings.  The storage tube falls 

below the whirlybird as the whirlybird spins up to the terminal velocity and continues descent to 

the glacier. 

The sensor and deployment materials have been designed to meet RoHS requirements 

since they will be left on the glaciers and eventually will end up in the ocean.   

  

2.1.2  Sensor Package  

The sensor package with wings deployed can be seen in Figure 4.  The left image is the 

side view of the package which clearly shows the relative size of the central component case.  

The right image is the aerial view of the package which allows for a clear view of the 

polycarbonate samara wing area and the attachment locations to the aluminum wing spars. A 

samara wing shape was chosen to model the samara fruit that spins as it falls from a tree. This  

acts as a self contained drag device.  This design has proven to be efficient in nature and has now 

been proven to work for this project.  

 

Figure 4: Sensor Package Dimensions  
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The wing spar material was chosen to maximize tensile strength and the modulus of 

elasticity while the wing area material was chosen for the high strain at breaking point, high 

strength, and low temperature performance.  The high strain at breaking point is necessary for 

bending of the wings in the deployment package with minimal creep effects. 

 

2.1.3  Receiver Package 

Since the receiver package is primarily made of electronic components, the only 

structural consideration addresses how to interface the package with the aircraft. Figure 5 shows 

how the receiver package will fit into the aircraft bay for the data retrieval stage.  The Qwik-

Flash board is 4òx4ò and the batteries are 0.6ò thick, which define the dimensions of the receiver 

package.  This package can easily fit into the 4.11ò aircraft bay and the board has screw holes to 

allow for attachment. 

 

 

Figure 5: Receiver Package in the Aircraft Bay  

2.1.4  Deployment Package 

The deployment package without the sensor package loaded inside can be seen below in 

Figure 6.  This figure shows the various components of the deployment system such as the servo, 

shell, track, stability wheels and mounts that interfaces with the aircraft.  The shell is 7.68ò long 

and 1.75ò in diameter.  This small design allows for a 60
o
 mount angle on the plane which helps 

encourage the whirlybird to be deployed right side up.   
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Figure 6: Deployment Package Compact  

The DP release is initiated using a pin servo that allows the shell to slide through the ball 

bearing track due to the weight and drag forces.  A zoomed image of the ball bearing track can 

be seen in on the left.  Also shown in is the keyhole in the track. The stability wheels on the side 

of the shell and a keyhole design of the tracks are used to minimize binding in the ball bearing 

pillow block.    

 

Figure 7:  Ball Bearing Track 

2.1.5  Electrical System Model 

Figure 8 is the electrical flow diagram for the three major systems and indicates that the 

sensor package has the most complex electronics.  The SP includes GPS, pressure, and 

temperature sensors.  Additionally the SP carries 6 lithium thionyl chloride batteries, voltage 

regulators, a radio, and a number of components needed for proper PCB operation.  The radio is 

used to communicate with the receiver package for data uplink.  The receiver packages primary 

electrical components are a 9V battery, a radio, and an SD card for data storage and ease of 

transferring data from the receiver package to the customerôs computers.  The deployment 

package has three pin servos which are powered by the aircraftôs primary battery.  
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Figure 8: Electronic Block Diagram 

The sensor package and receiver package are the most electrically driven aspects of the project. 

Figure 9 shows the components in each of these systems and how they link with each other. 


