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Data Coverage
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Goldstone Overview
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As of FY 2023, ~290 hours of data each year + New sawtooth waveform in development to

— Hours split approximately evenly between Improve sensitivity
4 or 5 pointings focused on LEO altitude range — Linear frequency modulated (LFM) or chirp
With new pointing plan, sensitivity improved waveform currently in use
from 3 mm to ~2.2 mm at 1000 km altitude * Investigating capability for MEO observations
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New pointing plan developed after DSS-15 was decommissioned to efficiently sample at

targeted LEO altitudes
— Transmit: DSS-14, Receive: DSS-25/26

4 pointings used CY2020-2023: A,B,C,D
5 pointings assigned for 2024: Y, Z,A,B, C
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Goldstone CY2023
Collected and Scheduled Hours
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*MEO and failed track hours have been removed from these charts.




Estimating Debris Parameters

 We recelve surrogate measurements for the orbital
debris parameters we really want for modeling (orbital
elements, size)

— Range, range-rate - altitude, inclination

20

RCS Static Range Measurements

« Assuming circular orbits
— RCS - size

* NASA size estimation model

» Empirical model based on measurements of
39 representative debris objects averaged
over many orientations at a single frequency
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Goldstone Data Processing Pipeline

Goldstone |->

JPL Processing
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Range vs. Range-Rate, CY2023
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Orbit Altitude (km)

Altitude vs. Inclination, CY2023
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Orbit Altitude (km)

Altitude vs. Inclination, 2016
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Orbit Altitude (km)

Altitude vs. Inclination, 2017
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Orbit Altitude (km)

Altitude vs. Inclination, 2021
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Orbit Altitude (km)

Altitude vs. Inclination, 2022
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Altitude vs. Inclination, 2023

2000

. > Goldstone CY2023Q4 A 75E
Goldstone CY2023Q4 B 75E
Goldstone CY2023Q4 C 75E
Goldstone CY2023Q4 D 75E

L4

1800-

1600 |

Orbit Altitude (km)

40 60 80 100 120 140
Average Doppler Inclination (deg)

15



National Aeronautics and Space Administration

Range vs. RCS, CY2023
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Altitude vs. Size, CY2023
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Flux vs. Inclination, 2017-2023
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HUSIR Comparison — Altitude vs. Inclination
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HUSIR Comparison — Cumulative Flux vs. Size .
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Developing OD Models

 Goldstone annual data is ultimately used to build and
validate model populations for the Orbital Debris
Engineering Model (ORDEM)

Goldstone 3 -6 mm 2009 2016-2017 2016-2023+

*currently in development
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Goldstone Validation Data for ORDEM 3.1 (1)
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Goldstone Validation Data for ORDEM 3.1 (2)
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Goldstone Validation Data for ORDEM 3.1 (3)

CY2016 Surface Area Flux vs. Altitude, >3.2mm
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Surface Area Flux (#/mzlyr)

Goldstone Validation Data for ORDEM 3.1 (4)

Goldstone CY2016 Surface Area Flux vs. Altitude, >5.6mm
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Special Observations — Cosmos 1408

Goldstone and HUSIR are also used for special breakup
observations 10,000,000

Following the ASAT test conducted by the Russian 000,000
Federation on Cosmos 1408 in November 2021, the

ODPO partnered with MIT/LL and NASA JPL to collect 100,000
special radar measurement data on small Cosmos 1408
fragments using HUSIR and Goldstone

10,000

1,000

MIT/LL, in coordination with the 18 SPCS, also shared a
unigue Space Fence data set consisting of the initial two
passes of the Cosmos 1408 fragment cloud

Cumulative Number

100

Model predictions from the NASA Standard Satellite 10
Breakup Model (SSBM) match special datasets very

——Goldstone
—HUSIR
——Space Fence

SSN

—Model

well 0.001 0.01 0.1

ORDEM 3.2 was released in March 2022, including the
modeled Cosmos 1408 breakup fragments

Size (m)

Cumulative size distribution of the Cosmos 1408 fragments
based on special radar measurement data. The black line is
the NASA SSBM prediction
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MEO Observations (1)
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MEO Observations (2)

Catalog Population Viewed by Goldstone
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MEO Observations (3)

DSS14 azimuth = 90.00 elevation = 85.00, DSS25
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