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FOCUS

• ENABLE CLOSE PROXIMITY AUTONOMOUS NAVIGATION

• DEVELOP PERCEPTION AND CONTROL ALGORITHMS

• DESIGN CUBESAT APPENDAGE FOR GRASPING

3



CUBESAT TEST-BED

X
Y

Z
• AIR-BEARING TABLE

• CUBESAT ENGINEERING 

MODEL

4
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PROPULSION SYSTEM

• COLD-GAS PROPULSION

• FABRICATION BY RAPID PROTOTYPING

• DESIGNED SPECIFICALLY FOR LAB TEST-BED

• DESIGN CRITERIA

• REUSABLE

• COMPACT

• SAFE
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MACHINE VISION FOR PERCEPTION 7
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DYNAMICAL MODEL 9

• R: ROTATION MATRIX

• X: POSITION

• ω: ANGULAR VELOCITY

• U: THRUSTER FORCES

• B: THRUSTER ALLOCATION MATRIX

• fext: ORBITAL PERTURBATIONS

• τext: GRAVITY GRADIENT
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CUBESAT INTERACTION SCENARIOS

• DOCKING/RECONFIGURATION

• CHARGING

• RELATIVE NAVIGATION

• DEORBITING
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RECONFIGURATION AND CHARGING 12

• LOCALIZATION WITH RESPECT TO SECOND CUBESAT

• NAVIGATION TO CLOSEST FACE

• GRASPING AND RECONFIGURATION

• CHARGING

2X



RELATIVE NAVIGATION 13

• LOCALIZATION WITH RESPECT TO SECOND CUBESAT

• SECOND CUBESAT FOLLOWS PROGRAMMED TRAJECTORY

• NAVIGATION TO MAINTAIN FIXED OFFSET

3X



DEORBITING MANEUVER 14

• DOCKED STATE

• NAVIGATION TO GOAL POSITION AND VELOCITY

• RELEASE OF SECOND SATELLITE

• NAVIGATION TO FINAL POSITION

2X



SUMMARY 

• CUBESAT ENGINEERING MODEL WITH 

PROPULSION, SENSING, COMPUTATION, 

MANIPULATION

• VISION BASED LOCALIZATION TECHNIQUES

• DEMONSTRATED CUBESAT INTERACTION 

SCENARIOS
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FUTURE WORK

• IMPROVED TEST-BED

• FULLY RETRACTABLE GRIPPER

• REFILLABLE GAS TANK

• 3U CUBESAT FORM FACTOR

• ADVANCED PERCEPTION AND CONTROL

• IMPROVED PERCEPTION AND CONTROL 

ALGORITHMS

• COMBINED SYSTEM IDENTIFICATION AFTER 

GRASPING
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