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We explore the utility of various sensors by recovering parachute-probe dynamics information from a package released from a small-scale, remote-controlled airplane. The airdrops aid in the development of datasets for the exploration of trajectory recovery algorithms, supplementing data collected from instrumented, full-scale tests and computer models. 

The parachute-probe system utilizes a variety of sensors for data collection. A tri-axial, six-degree of freedom inertial measurement unit (IMU) by O-Navi provides angular rate and acceleration. The magnetic field is determined from an orthogonal triad of FGM-1 fluxgate magnetometers. A small camera and processor developed by the Robotics Institute at Carnegie Mellon University (CMU) is mounted to the top of the probe and directed toward the open parachute canopy. The CMU camera provides information about the relative motion of the parachute-probe system by tracking the position and size of a colored marker on the inside of the parachute canopy during the decent. A series of Basic-X 24 micro-controllers is used to collect data from the onboard sensors. In addition, data from a small, Global Positioning System receiver onboard the probe is transmitted to the base station via a 900 MHz radio modem. The GPS position and velocity information provides redundant data for improving our ability to interpret the IMU, magnetometer, and camera data. In addition, airdrops are documented with ground-based video cameras in order to determine the general behavior of the parachute-probe system for comparison with onboard sensor data.
The airdrop tests utilize a series of parachutes manufactured for model rocket recovery. A small-scale, remote-controlled airplane is used to ferry the parachute-probe sensor package to altitudes permitting adequate descent durations. During the airplane’s ascent, the probe and folded parachute are secured underneath the fuselage of the plane by an elastic net. When the desired altitude is reached, a command is sent from the base station to release the parachute-probe package. The airplane’s attitude, position, velocity and heading is recorded at the time of release by an avionics unit onboard the airplane. In addition, an estimate of the winds aloft is calculated and recorded by the onboard avionics unit prior to the each release of the parachute-probe. Each data collection is initiated when the probe is separated from the bottom of the fuselage. At this time, the sensors are polled for a specified period of time and the data is either stored in the onboard micro-controller’s EEPROM or transmitted to the ground station wirelessly. Upon touchdown, a second switch is activated instructing the onboard controllers to read out the EEPROM data to a laptop computer for archiving and analysis. In contrast to real-time data transmission, the storage of data onboard during the descent avoids interruptions to the transmission and allows for more samples per second to be collected. For these reasons and others, only ancillary data for improving our ability in interpreting information recorded from the probe, such as position and velocity data from a Global Positioning System, is transmitted in real-time during the airdrop. 

 Data collected from the ground-based cameras are then compared with the onboard sensor data and GPS information to gain familiarity with the data and corresponding motions of the system. These low-cost airdrop tests allow a detailed investigation into the performance of sensors in dynamic conditions similar to those expected for planetary entry probes and provide a new dataset for use in the evaluation of trajectory recovery algorithms and methodologies.

