
Migratory Bird Tracking: The 1 Gram Challenge Summary 
 

Currently, according to the Migratory Connectivity project approximately 80% of species cannot be 

tracked with GPS related systems. The reason for this is that tracking devices cannot comprise of more 

than 5% of a species body. Current GPS systems at their lightest weigh 22 grams. This means that 

species that weigh less than 450 grams cannot be tracked. To combat this problem the Applied 

Research Labs (ARL) at Penn State sponsored Migratory Bird Tracking: The 1 Gram Challenge. 

 

The goal of ARL for the students was not to create a 1 gram tracking device, but to determine what the 

limitations of achieving a 1 gram device. In addition to the 1 gram weight, other requirements included 

a cost of less than $1000, remote access, 1 year lifetime, and one data point a day. In order to determine 

what design would be the best fit the requirements, the Migratory Bird Tracking (MBT) student team 

analyzed current solutions, such as light locators, continuous GPS systems, archival GPS systems, and 

radio frequency (RF) systems. Each device had faults ranging from accuracy, weight, and cost. Based 

on the ability to meet the requirements the MBT team's solution was to develop a archival GPS and RF 

hybrid. By combining the technologies, it would provide GPS data without the high cost of accessing 

satellites real-time and provide the access to data without recapturing the bird via an RF transmitter and 

receiver.  

 

 The archival GPS and RF hybrid system was broken down to the following components: power, 

controller, GPS, memory, transmitter, and receiver. The MBT selected a Teensy 3.0 microcontroller, 48 

channel GP-2106 SiRF GPS, RF24L01 transceiver module, and a CR2450 coin cell battery. The 

devices were chosen on their ability to interface with one another. The Teensy 3.0 microcontroller has 3 

UART ports and SPI communication ports to interface with the GPS and transceiver, respectively. The 

MBT was successfully able to show the proof of concept by collecting GPS data, storing it on the 

microcontroller memory, transmitting the data, and receiving the data. 

 

For proof of concept, commercial-off-the-shelf (COTS) parts were used. As a result, the weight was 22 

grams. This weight could be significantly reduced and limitations to reaching 1 gram discovered. The 

components limiting the size were power and GPS. Battery technology to supply a 6 month lifetime 

provided a minimum of 3 grams. The GPS similarly was limited to 2 grams in an integrated system. 

The microcontroller, memory, and transmitter had the potential to be limited to 3 grams total by 

creating a singular circuit board only with the needed communication ports.  

 

Overall, the project was a success. The MBT team was able to determine the best device to meet the 

requirements, an archival GPS and RF hybrid. Additionally, the team determined the limitations of the 

design that prevented a 1 gram solution from being generated to be power and GPS antenna size. The 

next steps for the ARL team and future student teams include research in miniaturization of battery and 

GPS technology and creating an interface that shows the data points on a map. 


