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OPTICAL NAVIGATION CONCEPT OF OPERATIONS NAVIGATION TRAINING EXERCISE 2 (NTE2) OVERVIEW

The OSIRIS-REx mission timeline with OpNav milestones is presented in Figure 1. The first three NTE2 was designed to test the FDS team’s ability to insert into the first orbit around Bennu. The test
proximity operations (ProxOps) mission phases focus on Navigation. During these phases, OSIRIS-REXx spanned maneuver M7P through M5A, which covers the 7-km south pole flyby, the drift away from
approaches Bennu, conducts equatorial and polar flybys in Preliminary Survey, and inserts into the and re-approach to the asteroid, and the Orbit-A insertion. Similar to NTE1, the navigation team used
first mission orbit: Orbit A. During these phases, the OpNav techniques evolve from point-source to radiometric Range, Doppler, and DDOR as well as star-based optical navigation of a resolved object as

resolved-body centroiding to landmark tracking. the measurement types.
Search for Bennu 8-17-2018 Campaigns
Science®hase|PreliminarySurvey Orbitalzh
Approach (94 Days) T DECEMBER®018 JANUARY®2019
- . RANSITION TO
Prellmlnary Survey (20 Days) 11| 12| 13| 14| 15| 16| 17| 18| 19| 20| 21| 22| 23| 24| 25|26 27|28|29|30|31|1|2]|3|4|5|6]|7]8]|9]|10] 11
LANDMARK TRACKING Tlw|RrR|F|salsu[m|T|wW|R|F]|sa|lsulm|T|W|R|F|salsulm|T|w]|R]|F]|salsulm|T|w]|RrR]|F
NAVIGATION Orbital A (31 Days) Desats] x X X X X X X X X X X
. _ TestPhases AR o R = T
! Detailed Survey (63 Days) Maneuvers Tl
I . SELECT PRIME AND M5P  M6P |M7P M1A M2A  M3A maA  msA
I Orbital B (60 Days) BACKUP SITES N N 4 + N + +
: SlTE [ _ | Activities] Equator South@oleFlyby Reverse®rift TargetfTransition®rbit CapturenBl.5x2kkmE#FrozenBDrbit CircF.5Kkm Triml
! SELECTION |, Reconnaissance (98 Days) ODMDeliveries oD oD oD oD oD oD oD oD oD
I ! M1A,AM2ABrelimiiesign M4A,AM5ABPrelimiiesign
I : TAG Rehearsal (42 Days) COLLECT AND Preliminary@esign|MsPdate@ipdate | ----- - >| OD|Dsn|Vfy| CC | --->i _ -------- >
! I . STOW SAM PLE Late@Jpdates obsi LU Me6PHateRipdate :obs| LU obs| LU |[M2AHate@ipdate M4AdateRipdate
: : TAG Sample Collection (23 Days) Late@pdates - obs LU |M7PHateRipdate - obs| LU |M5AG:
| i i NTE2 s
I [ M3AGrelim@esign
Star-based : Operahons Margln (499 Days) Preliminary@esign OD|Dsn|Vfy| CC -—->%
OpNav I Stow Sample 10-21-2019 Depart Bennu Late@pdates zobs| LU [M3Adate@pdate
Landmark OpNav 3-3-2021 Figure 4. NTE2 Test Simulation Timeline

‘ Global 30 cm DTMs
Global 75 cm DTMs

Begin informal shape model/ landmark deliveries O P N AV I M AG E P RO C E SSI N G T E C H N I QU E S

Figure 1. The OSIRIS-REx mission timeline with OpNav milestones

The NTE1 and NTE2 images were simulated as long + short exposure pairs, mimicking flight ConOps.
OpNav utilizes five OSIRIS-REx imagers during different mission phases: PolyCam (0.8° FOV), MapCam  The long exposures are used to image background stars and solve for the inertial camera attitude,

(4° FOV), and SamCam (20.8° FOV) are part of the OCAMS suite and NavCam1 and NavCam2 (33°x44°  \yhile the short exposures are used to calculate the centroid of Bennu. Figure 5 shows KXIMP post-
FOV) make up part of the TAGCAMS suite. Table 1 shows the OpNav imaging plan by mission phase. processing centroid results, with shape model overlay.

Navigation Training Exercises 1 & 2 cover part of Approach, and the Orbit A insertion, which both use R
the star-based OpNav image processing software suite, KXIMP. A high level KXIMP image processing 1600
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A primary goal of NTE1 was to exercise the team’s ability to process star based OpNav data as Bennu  Figure 6. NTE2 centroid residuals w.r.t. OD012 trajectory, plotted in pixel and kilometer space
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for an AAM-2 and AAM-2a reconstruction as well as AAM-2a and AAM-3 maneuver desigh and
verification activities.
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