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Improvement of Optical Performance for Proximity Camera Sensor
on Engineering Test Satellite VI

Masaaki MokuNo ™", Isao KAWANO , Yoshiaki OHkaMI™

Japan Aerospace Exploration Agency (JAXA) has successfully performed unmanned autonomous rendezvous docking
(RVD) experiments by Engineering Test Satellite VII (ETS-VII) during 1998-1999. To conduct the autonomous RVD
experiments, it is necessary for satellites to have not only the guidance and control function but also the navigation function.
ETS-VII equipped Proximity Camera Sensor (PXS) to navigate the Chaser satellite of ETS-VII in the docking phase at the
range from 2m to docking. PXS is the camera sensor which measures the relative position and attitude between the Chaser
and Target satellites. PXS mainly consists of PXS-Head (PXS-H), PXS-Marker (PXS-M) and PXS-Electronics (PXS-E).
PXS-H installed on the Chaser satellite has CCD cameras and LED array arranged around it. PXS-M installed on the Target
satellite has circle shape and three dimensionally arranged marks whose surfaces are covered by micro-pitch Corner Cube
Reflector (CCR). PXS-H illuminates the Target satellite and takes an image of PXS-M, and then PXS-E calculates the
relative position and attitude. In the development phase of PXS, we had a problem not to acquire the enough optical
intensity in near range. The LED array of PXS-H was not mounted on the same optical axis of CCD camera, and CCR on
PXS-M has retro-reflection property. Therefore, elongation angle between LED array, PXS-M and CCD camera became
large and the optical intensity reduces. To overcome this problem, we modified the inclination angle of reflection surfaces of

CCR. As a result of this countermeasure, the optical performance of PXS is significantly-improved.
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Fig.2 Block Diagram of ETS-VII Rendezvous Docking Experiment System ¥

Table 1 Flight Phase of Rendezvous Docking

Phase Relative Range | Navigation Guidance Control

Relative Approach Phase | 12km~500m GPS Relative Navigation | C-W Guidance

Final Approach Phase 500m~2m RVR Navigation Reference Trajectory Guidance
Docking Phase 2m~Docking | PXS Navigation Relative 6 DOF control

RVR: Rendezvous Radar, DOF: Degree of Freedom
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Corner Cube Reflector (CCR) is a triangular pyramid, which are cut
out in the red line on the cube, with three inner reflection surface
shown in the left figure. The right picture is an example of CCR.

Fig6 Conceptof CCR (Comer Cube Reflector)
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Table2 Evaluation of PXS configurations by using Pugh Method

Evaluation Item a)CCD Camera b)CCD Camera c)CCD Camera
/Light Source /Light Source /Light Source
Non co-optical axis Co-optical axis Separation
(PXs)
Performance
-High Accuracy S S
-Light Weight
-Optical Performance + +
-Optical Interference Reference S S
-Target Satellite Resource S
Cost
Development Schedule
Reliability -
Evaluation Points of “+” 1 1
Evaluation Points of “-” 4 5
Reference
Evaluation Points of “S” 3 2
Total* -3 4
* Evaluation Point is calculated as ”+” =1, “-”"=-1, “s”=0 each evaluation item.
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Photo2  PXS Image taken on-orbit
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