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Astrobee Overview


• A	total	of	3	units	on	board	ISS	
• Docking	staFon	for	recharge	and	wired	comm.	
• Built	in	perching	arm	using	payload	interface	
• 6	total	cameras	for	various	purposes,	including	one	
cellphone	class	HD	camera.	
• Main	purposes:	
• Host	guest	science	payload	(GSP	payloads)	
• Serve	as	mobile	camera	for	ISS	situaFonal	awareness	
• Serve	as	mobile	sensor	plaSorm	for		

• First	GSP	Payloads	
• REALM	RFID	reader	
• Zero	RoboFcs	High	School	and	Middle	School	compeFFons	



Interface - Processors


• Three	main	internal	processors	
• High-Level	Processor	(HLP)	
•  Snapdragon	805	Quad-Core	SOM	
• Mostly	reserved	for	GSP	payload	use	
•  Runs	touch	screen	and		

• Mid-Level	Processor	(MLP)	
•  Snapdragon	805	Quad-Core	SOM	
•  Lower	rate,	higher	computaFon	processes	
•  Runs	most	of	the	core	robot	so\ware	
•  Handles	decision	making	and	data	communicaFon	

• Low-Level	Processor	(LLP)	
• Wandboard	dual	
•  High	rate	control	loop	and	sensor	sampling	
•  Pseudo-real	Fme	



Interface - A9achment


• Available	volume:	
• 12.32	cm	by	15.24	cm	by	10.16	cm	
• Keep	outs	provided	via	CAD	model	
• Payloads	may	extend	beyond	the	exterior	of	robot	
• Payloads	within	payload	volume	use	built-in	bumpers	
for	impact	protecFon	

• Alignment	pins	
• No-tool	quick-release	levers	acachment	system	
• Four	#8-32	bolt	pacern	for	each	GSP	payload	
bay	
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Fig. 2. Snapshot of the Astrobee payload bay.

the Astrboee robot is free to drift on the granite table. The
proposed Astrobee perching arm is able to grasp handrail
and to exercise the pan motion successfully.

This paper is organized as follows. Section II describes the
design of 3-DOF perching arm for Astrobee robot including
the Astrobee payload interface, structure, and avionics. Sec-
tion III explains the process of controlling 3-DOF perching
arm in real-time. Section IV presents the simulation results
of gripper and the experimental results of perching arm on a
micro-gravity simulating surface. Concluding remarks follow
in Section V.

II. 3-DOF PERCHING ARM DESIGN

Perching arm is developed as one of Astrobee’s core
payload along with RFID reader, which grasps ISS handrails
and dwells for extended periods of time to minimize the
power consumption of navigation and propulsion modules.
Once it is perched, it is operated as a pan-tilt module for
a camera attached on the opposite side to support remote
monitoring. The specification of Astrobee payload interface
including the dimension and power supply are described, and
then, the key requirements and the design for structure and
avionics of Astrobee perching arm are introduced.

A. Payload Interface

There are a total of four payload bays in Astrobee - two
on the top and bottom - as shown in Fig. 2(a). The size
of 1U payload bay is 123.2 mm (4.85 in) ⇥ 152.4 mm
(6.0 in) ⇥ 101.6 mm (4.0 in), where the location of 31-
pin payload connector (Glenair M83513-03-E03C) is placed
at identical position in each payload bay. In this way, the
payload can be easily moved to different bay to guarantee its
functionality if one of payload connector gets damaged. Each
payload connector provides a nominal voltage of 14.4 V with
the current rating of 3 A. It has three USB 2.0 compatible
pinouts that can be connected to each of low-level, middle-
level, and high-level processor, where each processor board
has different hardware and software features depending on
its role [4].

As shown in Fig. 2(b), sensor module consists of hazard
camera, navigation camera, science camera, speed camera,
laser, microphone, and speaker is permanently located at
the top-front payload bay to support autonomous navigation.
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Fig. 3. Snapshot of the Astrobee perching arm.

Thus, guest scientists only have access to connect their pay-
loads to one of three payload bay - top-aft, bottom-front, and
bottom-aft. The size of payload can be greater than the 1 unit
payload volume. However, if the payload exceeds outside
of the propulsion module and performs operation without
crew tending, it would require a separate collision mitigation
strategy that meets ISS safety requirements because the foam
shell on the propulsion module will not be able to absorb
impact energy in a collision.

B. Structure

There are three main design drivers for Astrobee perching
arm structure - size, mass and compliance. Perching arm
must be stowed inside of Astrobee payload volume so that it
is not exposed to collision hazard during the flight operations.
Perching arm must be lightweight within the range of 500 g
to minimize the impact on Astrobee thrust capability and
forces imparted during collisions. The design must allow
astronaut to manually perch arm and gripper to handrail
without requiring power from actuators. In contrast, once
the actuators are powered, arm joints must be fully back-
drivable and gripper must be released automatically when it
detects large astronaut-induced torques.



Interface - Electrical


• Connector:		
• Astrobee	side:	Glenair	M83513/03-E03N	
• Payload	side:	Glenair	M83513/04-E03N	

• Power:	
• 14.4	V	3A	unregulated	

• Data:	
• USB	to	HLP	and	MLP	



Interface - Propulsion


• Two	(2)	propulsion	modules	
• Able	to	instantaneously	thrust	in	any	
direcFon	and	torque	about	any	axis	
• AcceleraFon	dependent	on	weight	of	GSP	
payload,	but	designed	to	be	up	to:	
• 10	cm/s2	linear	
• 30deg/s2	angular	

• Maximum	thrust:	600mN	
	



Interface - Human


• Touch	Screen	
• RGB	signal	lights	
• Laser	pointer	
• Speaker	
• Microphone	



Interface - So?ware


• GSP	payloads	communicate	to	Astrobee	via	the	
Guest	Science	Android	ROS	bridge	
• A	JAR	library	will	facilitate	GSP	payload	so\ware.	
• GSP	payloads	subscribe	to	any	Astrobee	message.	
• Advanced	users	may	access	lower	level	funcFonality.	



Interface - Ground


• Easy	operator	interface	
• Custom	data	message	for	GSP	Payload	
• Start,	stop	and	send	custom	commands	to	
GSP	payload	



Development - Simulator


• Runs	actual	flight	so\ware	
• Simulate	sensor	inputs	
• Runs	actual	GSP	Payload	code	



Development – Payload Tester


• Main	purpose	to	test	payload	port	
funcFonality	and	demonstrate	GSP	payload	
development	path.	
• External	processor	capable	of	running	Linux	
and	Core	Flight	So\ware.	
• Trade	study	underway	to	select	alternaFve	
acachment	opFons,	including	seat	track.	


