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ABSTRACT 

Arecibo Observatory, located in Puerto Rico, and the Planetary Radar Investigation, Demonstration, and Exploration 
(PRIDE) Laboratory, located at the Lunar and Planetary Institute in Houston, Texas, are potentially untapped assets 
for orbital debris studies. Arecibo Observatory has a limited history of use for studying geocentric and lunar-centric 
debris, which could potentially be expanded. Meanwhile, the PRIDE Lab can provide ground truth for the radar 
scattering properties of orbital debris. Our goal is to interface with the broad space situational awareness community 
to gauge the utility of these resources for future studies of orbital debris. 

1 ARECIBO OBSERVATORY 

The 305-meter William E. Gordon Telescope at Arecibo Observatory (Fig. 1) houses two radar systems:  an S-band, 
continuous-wave radar used primarily for observations of near-Earth asteroids and a P-band, pulsed radar used 
primarily for studies of Earth’s ionosphere. Over the past 50 years, Arecibo Observatory has been heavily involved 
in planetary and atmospheric studies; however, its history of use for space situational awareness has been limited. 

 
Figure 1.  The 900-ton suspended platform of the 305-m William E. Gordon Telescope at Arecibo Observatory in 
Puerto Rico houses two radar systems at S-band and P-band wavelengths potentially useful for orbital debris studies. 

1.1 Arecibo Observatory capabilities 

The S-band planetary radar system operates at 2.38 GHz or a wavelength of 12.6 cm with a ~2 arcmin beam size. 
Diesel generators provide up to 1 MW of output power from the klystron amplifiers situated in the Gregorian dome 
(Fig. 1), 500 feet above the 305-m diameter primary reflecting surface of the William E. Gordon Telescope. The S-
band system utilizes a continuous-wave transmitter (rather than pulsed) such that one must alternate between 
transmitter and receiver by physically rotating which is at the focus of the telescope. This inherently limits the utility 
of the S-band system to monostatic observations of targets at least ~2 lunar distances from Earth; hence, its primary 
use for study of near-Earth asteroids and terrestrial planet surfaces. To study targets closer to Earth than two lunar 
distances, i.e., geocentric and lunar-centric targets, requires a separate radio telescope to receive the echoes from the 
targets. Arecibo regularly makes use of the 100-m Green Bank Telescope, elements of the Deep Space Network, and 
elements of the Very Long Baseline Array for such bistatic observations of asteroids and the Moon. 

The pulsed, P-band system has a peak power of 2.5 MW and typically operates with a roughly ~5% duty cycle with 
a ~12 arcmin beam size. Contrary to the S-band system, the P-band system is typically powered commercially with 
the klystron amplifiers on the ground with the transmitted signal traveling to the suspended platform via low-loss 
waveguides. As a pulsed radar, the P-band system does not require a separate receiving antenna and is typically used 
for monitoring the density and temperature of electrons in Earth’s ionosphere. 
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1.2 Arecibo Observatory limitations 

Because the primary reflector of the William E. Gordon telescope is fixed to the ground, the field of view of the 
telescope is limited to within 19.7 degrees of zenith, defined by the mobility of the Gregorian dome along the 
crescent-shaped track on the suspended platform of the telescope (Fig. 1). This consequently limits the Arecibo field 
of view to between -1 and 38 degrees in declination, while the azimuth mobility is unimpeded along the circular ring 
in Fig. 1. This restriction in declination range subsequently reduces the ability of Arecibo to view geosynchronous 
satellites or low-inclination debris. The maximum slew rates of the telescope of 2.4 arcmin per second (2.4 degrees 
per minute) in zenith angle and 24 arcmin per second (24 degrees per minute) in azimuth limit tracking to targets at 
least 6000 km above the surface of the Earth, i.e., upper medium-Earth, half-geosynchronous, geosynchronous orbits 
and higher, though one can alternatively choose to park the telescope to view a certain part of the sky and allow 
objects to pass through the beams of the radars. 

Arecibo Observatory was profoundly affected by Hurricane Maria’s devastation of Puerto Rico in September 2017.  
The most visible damage was the loss of the line feed from the platform, the nearly vertical antenna at the bottom-
center of Fig. 1, which broke into pieces and fell through the primary reflector due to the hurricane’s violent winds. 
The line feed was primarily used with the P-band radar system; its loss requires the P-band system to operate solely 
through the Gregorian dome at a slight, but manageable, loss of gain. Panels on the primary reflector damaged by 
the falling debris have been replaced, but, overall, the primary reflector was warped by the high winds of the 
hurricane. At S-band wavelengths, the antenna gain was reduced by some 30% from about 10 K/Jy to ~7 K/Jy; the 
gain reduction is less severe at the longer P-band wavelength. Funding is in place for repair of damage from 
Hurricane Maria, including replacing the line feed and re-aligning the panels of the primary reflector, but each 
project will take a multi-year effort to complete. 

The S-band radar system is further limited at this time due to only one klystron amplifier in operation (instead of the 
nominal two) that limits the output power to less than 500 kW. A second klystron is in production and delivery is 
expected by the end of the year; however, there are no operational spare klystrons available. As of this writing, an 
issue with the diesel generators that power the S-band system currently limits the output power to ~300 kW. Despite 
these limitations, observations of orbital debris should be obtainable due to their inherent proximity compared to the 
asteroids and planetary bodies typically observed with the S-band radar system. 

1.3 Arecibo Observatory previous and potential uses 

In its history, Arecibo Observatory has been used only sparingly for the study of orbital debris and other man-made 
objects. Thirty years ago, [1] used the S-band radar system to inventory orbital debris in the size range of 6 mm to 
tens of centimeters in low-Earth orbit. To do so, the transmitter and a 30-meter auxiliary telescope located 10.7 
kilometers north of Arecibo Observatory both pointed to a patch of sky at 575 km altitude and let debris pass 
through the telescope beams. The number of particles detected was used to fill a knowledge gap between the sub-
millimeter scale, measured from impacts on the Solar Maximum Mission Satellite, and tens of centimeters, 
measured from longer-wavelength radars and optical sensors from the Department of Defense. More recently, [2] 
have used Arecibo Observatory in conjunction with the 100-meter Green Bank Telescope to search for defunct 
spacecraft in lunar orbit, e.g., Chandrayaan-1 (India) and Ouna (Japan). During the course of atmospheric radar 
campaigns with the P-band radar system, which can often run continuously for one week, it is common to 
serendipitously detect satellites passing through the radar beam as broadband radio frequency interference. These 
detections are typically ignored and excised from the data; however, in a sense, one researcher’s noise may be 
another researcher’s signal. 

A question to the space situational awareness community is whether these capabilities are of use for characterization 
of orbital debris. For S-band observations, a receiving station is required, as the 30-meter auxiliary telescope in 
Arecibo no longer exists. Arecibo Observatory does have a 12-meter antenna on site, but its proximity to the 
transmitter likely precludes its use as a potential receiving station as it would be overwhelmed by the nearby, 
transmitted signal. Instead, one would utilize another radio telescope either on the mainland or perhaps St. Croix in 
the U.S. Virgin Islands. One concern is that using a radio telescope the size of the William E. Gordon Telescope and 
radar systems as powerful as those at Arecibo Observatory is simply overkill for orbital debris and/or satellite 
characterization if smaller telescopes and radar systems can accomplish the task. In the future, perhaps the niche role 
of these powerful systems is instead in characterizing the lunar orbital debris field. 

6181.pdfFirst Int'l. Orbital Debris Conf. (2019)



2 PLANETARY RADAR INVESTIGATION, DEMONSTRATION, AND EXPLORATION (PRIDE) 
LABORATORY 

The PRIDE Lab, currently under construction at the Lunar and Planetary Institute, is a laboratory intended to 
primarily study radar scattering of analog materials to increase the scientific return of radar observations of asteroids 
and planetary surfaces. As its name suggests, the PRIDE Lab will investigate radar scattering processes in a 
controlled laboratory setting, demonstrate radar scattering properties to validate their theoretical framework, and 
explore possible unidentified processes. While originally intended for planetary radar studies, e.g., of asteroids and 
the lunar surface, the PRIDE Lab could easily be extended to the study and characterization of orbital debris. 
Particularly for orbital debris, the PRIDE Lab could be used to study the effects of material composition and shape 
on the observed radar return and measured cross section. The first phases of PRIDE Lab will use continuous-wave, 
K-band (~24 GHz; ~1.3 cm) radar equipment capable of emitting and receiving both senses of circularly polarized 
light. Thus, the lab will enable measurements of the radar albedos of materials and the (de-)polarization of their 
echoes in a controlled environment. Such measurements will facilitate the interpretation of radar observations after 
scaling from K band to the radar frequency of interest. Later phases of PRIDE Lab will include more sophisticated 
instrumentation for radar imaging and for bistatic modes where the transmitter and receiver are not co-located. 
Materials to be used include asteroid and regolith analogs, 3-D printed plastic shapes, and meteorite hand samples. 

The PRIDE Lab is supported through internal research and development funds from Universities Space Research 
Association and a NASA Early Career Fellowship award to PRIDE Lab principal investigator Edgard Rivera-
Valentín. Radar equipment for the first phase of the PRIDE Lab is being designed and fabricated with the help of 
engineering students from the University of Puerto Rico at Mayaguez. First light is expected in 2020 followed by 
proof-of-concept experiments to enable future financial support with the expectation that the laboratory will be 
available for use by the community at large. 

3 CONCLUSIONS 

Arecibo Observatory is home to incredibly sensitive planetary radar capabilities that have been sparsely utilized for 
orbital debris studies. We have endeavored to introduce these capabilities to the space situational awareness 
community to determine if there is a role that can be played by Arecibo. As mentioned above, Arecibo Observatory 
has shown the ability to study orbital debris in low-Earth orbit, detect passing satellites, and even probe lunar-centric 
“debris” in the form of defunct spacecraft; perhaps these charges should be revitalized or expanded if desire from 
the community exists. Meanwhile, the PRIDE Lab offers the opportunity to study radar scattering properties in a 
controlled setting and could help to better understand the characteristics of orbital debris detected with the Arecibo 
radar systems or by other sensors already in use for orbital debris studies. 
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