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The COBALT (CoOperative Blending of Autonomous Landing Technology) payload is
being developed within NASA as a risk reduction activity to mature, integrate and test
ALHAT (Autonomous precision Landing and Hazard Avoidance Technology) systems tar-
geted for infusion into near-term robotic and future human spaceflight missions. The ini-
tial COBALT payload instantiation is integrating the third-generation ALHAT Navigation
Doppler Lidar (NDL) sensor, for ultra high-precision velocity plus range measurements,
with the passive-optical Lander Vision System (LVS) that provides Terrain Relative Navi-
gation (TRN) global-position estimates. The COBALT payload will be integrated onboard
a rocket-propulsive terrestrial testbed and will provide precise navigation estimates and
guidance planning during two flight test campaigns in 2017 (one open-loop and closed-
loop). The NDL is targeting performance capabilities desired for future Mars and Moon
Entry, Descent and Landing (EDL). The LVS is already baselined for TRN on the Mars
2020 robotic lander mission. The COBALT platform will provide NASA with a new risk-
reduction capability to test integrated EDL Guidance, Navigation and Control (GN&C)
components in closed-loop flight demonstrations prior to the actual mission EDL.

I. Introduction

Section will provide an overview of the importance of ALHAT capabilities to future NASA missions and
the motivation behind the development of the COBALT payload for risk reduction with future precision-
landing GN&C technologies. Some brainstorming notes follow:

The support for COBALT is across multiple NASA directorates and projects. The NASA Human Ex-
ploration and Operations Mission Directorate (HEOMD) Advanced Exploration Systems (AES) Program is
investing in risk reduction activities for future robotic and human landers through the AES Lander Tech-
nologies (LT) Project. The AES-LT Project is leading the development of the COBALT payload. The
third-generation NDL is receiving development support through internal-LaRC investments, the AES-LT
project, and through NASA STMD (Space Technology Mission Directorate). The development of the LVS
is supported through the NASA SMD (Science Mission Directorate), and incorporation of LVS into the
COBALT payload is through the AES-LT project.
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The flight tests of the COBALT payload will be conducted onboard the Masten Space Systems (MSS)
Xodiac rocket-propulsive terrestrial testbed; these flight tests are funded through the NASA STMD Flight
Opportunities (FO) Program.

Provide overview of the importance of ALHAT capabilities to safely, precisely and softly land future
robotic and human landers at scientifically compelling but geographically hazardous locations, as well as at
in the proximity of pre-existing surface assets. Several near-term planetary science priorities involve robotic
landings on the Moon, Venus and comets, as highlighted in the National Research Council (NRC) decadal
survey on planetary science.! The NRC has identified safe and precise landing technologies as a high priority
need for future Entry, Descent and Landing (EDL) missions.? An overview will also be provided of prior
and current NASA investments into safe and precision soft landing GN&C capabilities.? %5

Include citations for NASA investments into TRN,% 789 NDL,!1% 1! other ALHAT capabilities,'? 13- 14
and prior test campaigns (e.g., Morpheus, helicopters, sounding rockets).

II. COBALT Payload Design

Section will discuss the payload design and ALHAT sensors within the COBALT payload. Models and

pictures of the hardware will be included.
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Figure 1. Representative images of sensors and payload: NDL (left) and COBALT layout (middle and right).

III. Baseline Flight Profile

Section will discuss the baseline flight profile and flight performance targeted for the COBALT flights
onboard Xodiac. An image of the trajectory profile will be included, annotated with Nav modes (COBALT
vs vehilce), sensor sequencing, and guidance events.

IV. Xodiac Rocket-Propulsive Terrestrial-Flight Vehicle

Section will discuss the development and target performance for the MSS Xodiac vehicle that will be
utilized for the open- and closed-loop flight testing of COBALT.

V. Next Steps for COBALT

Remaining work for payload integration, followed by open-loop flight tests. Subsequent work in prepa-
ration for closed-loop flight tests.
Follow-on risk-reduction initiatives for maturing and demonstrating ALHAT Hazard Detection, new



implementations of Navigation algorithms and Guidance planning algorithms, maturation of the Xodiac
platform and FO suite of test vehicles for advancing and testing EDL technologies in closed-loop GN&C
systems prior to actual mission EDL.

Acknowledgments

We want to acknowledge the excellent engineering talent and commitment of our entire COBALT team,
which is spread across multiple NASA centers: Johnson Space Center, Langley Research Center, and the Jet
Propulsion Laboratory. We also want to acknowledge the team at Masten Space Systems that is working
hard to complete the free flight envelop expansion of the Xodiac vehicle in preparation for the COBALT
flight tests. Together we will demonstrate and advance new ALHAT capabilities one step closer to spaceflight
infusion. We also want to thank our supporters at NASA Headquarters within the HEOMD-AES Program
office and the STMD-FO Program office. They are providing the funding and programmatic support for the
development, of ALHAT and execution of COBALT. The work described herein is being performed within
NASA at the Johnson Space Center, Langley Research Center, and Jet Propulsion Laboratory, as well as
within MSS. The ALHAT and COBALT work at the Jet Propulsion Laboratory, California Institute of
Technology, is being performed under contract with the National Aeronautics and Space Administration
(Government sponsorship acknowledged).

References

Committee on the Planetary Science Decadal Survey; Space Studies Board; Division on Engineering and Physical Sciences;
National Research Council of the National Academies, Vision and Voyages for Planetary Science in the Decade 2013-2022,
The National Academies Press, 2012.

2Steering Committee for NASA Technology Roadmaps; National Research Council of the National Academies, NASA
Space Technology Roadmaps and Priorities: Restoring NASA’s Technological Edge and Paving the Way for a New Era in
Space, The National Academies Press, 2012.

3Epp, C. D., Robertson, E. A., and Carson III, J. M., “Developing Autonomous Precision Landing and Hazard Avoidance
Technology from Concept through Flight-Tested Prototypes,” Proc. AIAA GN&C Conference, AIAA 2015-0324, Kissimmee,
FL, Jan. 5-8 2015.

4Epp, C. and Smith, T., “The Autonomous Precision Landing and Hazard Detection and Avoidance Technology (AL-
HAT),” Proc. Space Technology and Applications International Forum (STAIF), 2007.

5Epp, C., Robertson, E., and Brady, T., “Autonomous Landing and Hazard Avoidance Technology (ALHAT),” Proc.
IEEE Aerospace Conference (AEROCONF 2008), March 2008.

6 Johnson, A., Bergh, C., Cheng, Y., et al., “Design and Ground Test Results for the Lander Vision System,” 36" Annual
AAS Guidance and Control Conference, AAS 13-042, Breckenridge, CO, Feb. 1-6 2013.

7Johnson, A. and Montgomery, J., “An Overview of Terrain Relative Navigation for Precise Lunar Landing,” IEEE
Aerospace Conference (AEROCONEF 2008), March 2008.

8Johnson, A. and Ivanov, T., “Analysis and Testing of a LIDAR-Based Approach to Terrain Relative Navigation for
Precise Lunar Landing,” Proc. AIAA Guidance, Navigation, and Control Conference, August 2011.

9Pierrottet, D., Amzajerdian, F., and Barnes, B., “A long distance Laser Altimeter for terrain relative navigation and
spacecraft landing,” SPIE Defense and Security Symposium, June 2014.

10 Amzajerdian, F., Pierrottet, D., Petway, L., Hines, G., and Barnes, B., “Doppler lidar sensor for precision navigation in
GPS-deprived environment,” Proc. International Society for Optics and Photonics (SPIE), June 2013.

HPierrottet, D. F., Amzajerdian, F., Petway, L. B., Hines, G. D., and Barnes, B., “Field Demonstration of a Precision
Navigation Lidar System for Space Vehicles,” Proc. AIAA Guidance, Navigation, and Control Conference, Boston, MA, August
2013.

12Carson, J. M., Bailey, E. S., Trawny, N., Johnson, A. E., Roback, V. E., Amzajerdian, F., and Werner, R. A., “Operations
Concept, Hardware Implementation and Ground-Test Verification of a Hazard Detection System for Autonomous and Safe
Precision Lunar Landing,” AAS/AIAA Astrodynamics Specialist Conference, AAS 13-856, Hilton Head, SC, Aug. 11-15 2013.

B3 Trawny, N., Carson, J. M., Huertas, A., Luna, M. E., Roback, V. E., Johnson, A. E., Martin, K. E., and Villalpando,
C. Y., “Helicopter Flight Testing of a Real-Time Hazard Detection System for Safe Lunar Landing,” Proc. AIAA SPACE 2013
Conference € Exposition, San Diego, CA, 10-12 Sept. 2013.

MHuertas, A., Cheng, Y., and Madison, R., “Passive Imaging Based Multi-cue Hazard Detection for Spacecraft Safe
Landing,” Proc. IEEE Aerospace Conference, March 2006.



	Introduction
	COBALT Payload Design
	Baseline Flight Profile
	Xodiac Rocket-Propulsive Terrestrial Flight Test Vehicle
	Next Steps for COBALT

