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SECTION 2 
2.1 Science/Technical Objectives: 
2.1.1. Objectives: We propose to develop an active guidance and control (G&C) system for the ADEPT 
(Adaptable Deployable Entry and Placement Technology) entry vehicle for Aerocapture and Entry, 
Descent and Landing (EDL) missions with large payloads. This is a game changer and will allow 
extending the current investment beyond simple ballistic entry to accomplish lift guided entries, including 
Aerocapture at Venus, Mars and other destinations. The ADEPT concept utilizes a mechanically 
deployable aeroshell with a flexible carbon fabric, a multi-functional element that is drag generating 
decelerator and thermal protection system, for planetary entry. The goal of proposal, which has never 
been done, is to utilize ADEPT aeroshell as a controllable G&C effector through innovative aerosurface 
actuation concepts and real-time optimization based control methods for planetary entry maneuvers.
2.1.2 Current state-of-the-art: The Game Changing Technology program is currently supporting design, 
manufacture and ground-based verification of a full-scale, 6-m diameter, ADEPT vehicle suitable for 
ballistic unguided entry of a Venus lander. The low ballistic coefficient of the ADEPT vehicle 
configuration combined with mechanically articulated aeroshell is a game changer and the G&C aspects
of the lift guided planetary entry have never been explored. 
2.1.3 Technical challenges: The proposal addresses the three main areas of G&C technical challenges: 1)
Venus aerocapture. The upper atmosphere density profile is not sufficiently characterized and this 
makes targeting to a planned orbit specially challenging. A real-time onboard optimal G&C algorithm and
guided lift/drag modulation are required to manage the aerocapture trajectory. 2) Precision landing at 
Mars with hypersonic/supersonic entry and power descent. For ADEPT vehicle, since the aeroshell 
remains part of the landed system, additional dynamical complexity needs to be accounted for due to the 
motion of aeroshell, and the coupling between aeroshell motion and vehicle dynamics further complicates 
the G&C problem. The set of reachable states, including hazard/obstacle avoidance, via controllable 
aeroshell needs to be quantified. 3) Development of lift guided mechanisms for ADEPT aeroshell.
Given the mission requirements/flight conditions, a viable and effective actuation mechanism to control 
the ADEPT aeroshell needs to be designed and analyzed. 
2.1.4 Relevance of proposal: The proposed research 
aligns well with the three technical areas in the Space 
Technology Roadmaps, they are: TA09 Entry, Descent 
and Landing; TA04 Robotics and Autonomous Systems; 
and TA12 Materials, Mechanical Systems and 
Manufacturing. They have identified “sample return, 
autonomous G&C, deployable hypersonic decelerators” 
and “innovative, multifunctional, lightweight concepts” 
as game changing technologies for planetary entry 
missions. The proposal also addresses all of CIF Focus 
Areas: 1) The proposal leverages on existing 
collaboration with researchers of other centers and 
academia. Letters of support/advocacy from LaRC, GSFC, APL, and ADEPT Project Manager; please see 
Appendix B, indicated that the proposed G&C research complements to their efforts in Venus aerocapture 
mission and contributes significantly to the Advancement of Exploration Class Human Mars Missions. In 
particular, the EDL Principal Investigator Michelle Munk advocates that the product of proposed research 
�����	�
������	�	�������������������������������������	�����	�����2) Ames SpaceShop facility will 
be utilized to develop hardware test article for bench and (optional) wind tunnel tests; 3) The planned 
wind tunnel testing at subsonic facility may not provide the characteristics of high velocity effects, 
however the goal is to demonstrate the efficacy of the proposed aeroshell control concepts and show the 
validity of the process. Successful ground testing will then serve as a pathfinder for operational 
demonstration of a scaled-down guided ADEPT vehicle in suborbital testing under the Flight 
Opportunities Program; 4) The National Robotics Initiative identifies the precision landing capability near 
a scientifically interested target highly desirable and poses a great technical challenge.  
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2.2 Innovation: 
2.2.1 Innovation of proposed research: The proposal aims to design and implement an innovative lift 
vector control system so as to generate aerodynamic forces and moments needed for guided planetary 
aerocapture and precision EDL missions at Mars and Venus using the low ballistic coefficient concept
ADEPT. The revolutionary aspect of the proposed research is that such active control methods with 
deployable aerosurface for large payload systems have never been demonstrated beyond
conceptualization. The key enabling technology behind this new approach is the advanced real-time 
convex optimization based G&C methodology specifically tailored for planetary entry vehicle with 
controllable aeroshell. The proposal also leverages on the existing ADEPT platform and lessons-learned 
from developing the control system for a 2-m diameter ADEPT Ground Test Article (GTA), which has 
just successfully demonstrated the first phase of aeroshell deployment test. These offer a solid foundation 
for successful development of active lift/drag guided control methods for ADEPT and allow New 
Frontier and Discovery mission proposers to achieve science goals otherwise unachievable.            
2.2.2 Technical approaches/expected results: The proposed research focuses on the following four main 
tasks. 1) Actuation mechanism design for ADEPT aeroshell: The concepts for aeroshell actuation are 
based on controlling the position of either center-of-gravity (CG) or center-of-pressure (CP), so as to 
generate guided lift for aeroshell. Three potential actuation 
architectures will be investigated: a) RCS thrusters; b) active 
ballast; and c) gimbaled articulation. These actuation concepts 
can be combined with either symmetrical or asymmetrical 
aeroshell. 2) Development of control centric dynamic models: 
In addition to the 6-DOF physics-based vehicle model, we will 
incorporate the coupled aerodynamic effects to describe vehicle 
dynamics during aerocapture and EDL. 3) Controllability 
analysis: For hypersonic entry and aerocapture, the goal is to 
quantify the set of all reachable planetary orbits as a function of 
entry conditions and vehicle properties. For power descent using RCS, lift/drag modulation of aeroshell 
can be utilized to minimize the trajectory errors subject to constraints on fuel burn. In summary, the G&C 
component at each mission scenario will be developed and the quantification of the controllability will be 
based on the recent breakthroughs on constrained reachability analysis of control systems operating in 
complex environments. 4) Scaled ADEPT model development: After the preferred actuation 
architecture has been selected, a scaled prototype of ADEPT model will be built for bench testing and 
(optional) wind tunnel evaluation, to characterize the structure/mechanical and aerodynamic properties.  
2.2.3 Near and long term impact for NASA: The 6-m full scale ADEPT development in the next 3 years 
aims to enable New Frontier (NF) Class Venus missions. Addition of RCS to the 6-m ADEPT, if the 
proposed research proves it as an attractive next step, can enable aerocapture missions at Venus, which
can be proposed in the next NF proposal cycle as both an orbiter and a lander. The current STMD plans 
are to start assessing technologies that can be integrated for Human Mars and Heavy Mass Mars mission 
beyond 2035 timeframe and this requires scaled flight demonstration at Mars in 2026 timeframe. 
Therefore, understanding the G&C challenges of ADEPT and developing scalable approaches in the next 
few years is essential for ADEPT to continue to be a viable option. 

    Fig. 2: Lift guided actuation concept    
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APPENDIX B: Letters of Support/Advocacy 
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