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Abstract—Space robotic arms are used for a variety of purposes 
from assembly to inspection. Historically the objects being picked 
up by the robotic arm has been co-designed. However, future 
applications include grabbing other objects such as space junk. 
Hence, future robotic arm end-effectors need to more adaptable. 
More objects of different sizes will need to be handled in addition 
to more complex operations. This paper presents the design of a 
next generation end-effector with smarter process monitoring 
and control hardware. This new hardware platform will enable 
more advanced software data processing, thus unlocking the 
possibly of new developments in Artificial Intelligence and 
Internet-of-Things to be implemented. 

I. INTRODUCTION / BACKGROUND (SYTLE: HEADING 1) 

Robotics have the potential to protect humans by carrying 
out tasks which are Dull, Dirty and/or Dangerous[1]. There is 
perhaps no better example of this than the outer Space 
environment. With zero gravity, no air, and harmful levels of 
radiation, it is quite dangerous for astronauts to leave their 
space station to carry out extra-vehicular activities. Thus, 
robotic arms such as the CanadaArm and the European Robot 
Arm on the International Space Station are vital pieces of 
technology. 

Robotic end-effectors, the components at the end of robotic 
arms designed to interact with the environment are one 
critical piece of the robotic arm that require particular 
attention. In the past, these are extremely specialised tools 
based on expert knowledge of the environment and the 
target it is supposed to interact with. However, as the 
industry moves towards modular space construction, the 
robotic arm end-effector will need to interface with an 
increasing range of different sized objects and materials. To 
complicate matters more, These objects may not be fixed and 
can be rotating or tumbling in space. Hence, the end-
effectors should have additional smart sensing instruments 
attached to permit a more dynamic control system with a 
rapid response to the changing orientation and position of 
the target object. 

One particular issue is that in microgravity, objects released 
may often float away. Imagine a robotic arm with an allen key 
for an end-effector. It attempts to remove a bolted part from 
a satellite structure. As soon as the part has been detached 
from the structure, it will begin to float away. If one does not 
wish to have another second robotic arm to hold the part 
during this operation, then the existing robotic arm must be 
able to simultaneously hold the part and undo the bolting 
mechanism/fixture. 

II. RELATED WORK 

The European Robic Arm (ERA) is a robotic arm currently in 
operation on the Russian Segment of the International Space 
Station (Fig. 1.). One unique aspect of the arm is the ability to 
“crawl” along the outside of the space station. This is enabled 
through the use of grappling fixtures on both ends of the 
robotic arm (Fig. 2.). These can connect to different base 
points on the space station so that the base and end-effector 
actually becomes interchangeable. 

 

Fig. 1. European Robotic Arm [2] 

Due to the variety of tasks that a robotic arm should fulfil, the 
end-effector should be multi-functional. Examples of this 
include the robotic arm on the now cancelled NASA OSAM-1 
project [3]. Known as Space Infrastructure Dexterous Robot 
(SPIDER), it was supposed to assemble different parts 
together to create a 3m long communications Ka-band 
antenna. In addition to grabbing and releasing objects, other 
operations might include inspection or other more complex 
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tasks. Thus, a flexible interface is required to enable the 
future development of a set of End of Arm Tools (EOAT). 

 

Fig. 2. End-effector on the European Robotic Arm [2] 

This is exemplified in the Dextre “robotic man” (officially 
named the Special Purpose Dexterous Manipulator SPDM) 
[4]. Launched in 2008 to the International Space Station, 
Dextre has two arms with interchangeable end effector and 
tools to enable fine motor control operations. For example, 
grippers, cameras and cutters. The arm can operated 
remotely and also autonomously meaning that ground 
operators can carry out tasks on the International Space 
Station whilst the astronauts are asleep or occupied. It has 
serviced as a vital tool for maintenance and demonstration of 
future technologies such as refuelling of spacecraft. 

III. IMAGINGED OR EXISTING PROTOTYPE SKETCHES/DRAWINGS/PHOTOS 

A. Spin-in technologies: Direct inspirations from Earth 

Many Earth based tools are designed to be interchangeable. 
For example, my KC200f Black and Decker multi-functional 
drill has a spindle shaft that is used to transfer power to 
either a drill, a sander or a jigsaw (Fig. 3.). 

 

Fig. 3. KC200f Black and Decker multifunctional tool 

One of the proposed design features will use the same idea 
with the “palm” of the robotic arm having a spindle that can 
be used to provide mechanical power to various tools. I see 
this as a early precursor to the oscillating power tools that 
have become popular in the last 10 years. This will be able to 
unlock fastening mechanisms. 

 

The details of the imagined of existing prototype should be 
described in body text. Explain what components and 

materials you have used or intend to use, including part 
numbers where possible. If the components are hard to 
source explain where you got them from. Explain how you 
built or intend to build the prototype. 

Include lots of diagrams, sketches, photographs etc. – as 
many as possible! Paste them inline into the document; don’t 
worry about adding figure numbers and captions if it feels too 
complicated, but make sure the text directly above or below 
each image explains what is in each image. Insert a link to an 
online video if you think that could be useful. 

B. Mechanical Design 

The mechanical design of the end-effector is a tube structure 
that matches with typical robotic arm lengths. In the middle 
is the spindle which provides mechanical power to any 
attached tools. On the outside are four small robotic fingers 
which extend out to grab objects. If a tool is picked up 
instead, these fingers guide the tool to mate with the spindle 
interface so that mechanical power can be transferred (Fig. 
4.). 

 

 

Fig. 4. CAD model of the DEXO design 

A video animation of the robotic end-effector design can be 
viewed here: https://youtu.be/6Xiq90QcWOU 

A further set of four longer “fingers” are located behind the 
small ones (not shown in the video). These enable larger, 
wider objects to be manipulated. The mechanical action of 
each finger is achieved using a motor. 

C. Electrical Design 

The electrical design serves two primary functions: 

Firstly, to provide power to the 9 motors (4 for the small 
fingers, 4 for the long fingers and 1 for the spindle). 

Secondly, they provide feedback and control. Each of the 
finger motors use stepper motors with position and force 
encoders to ensure accurate positioning and torque control. 
This prevents the fingers from damaging any parts by limiting 
the maximum force which can be applied. 

The spindle is powered using a DC motor. All of these are 
controlled using an Arduino Mega with motor control 
modules. 

The prototype system is controlled by an Industrial Raspberry 
Pi (Fig. 5.). This can receive remote uplink/downlink through 
an RF module. Linked to this are two sensors, the Logitech 
C920 optical camera provides approximate position 
awareness whilst the LIDAR sensor (model not yet selected) 
provides precise range measurement for control. 

https://youtu.be/6Xiq90QcWOU
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Fig. 5. System Architecutre of the DEXO design 

IV. RESPONSIBLE INNOVATION AND CONCLUSION 

This design is intended to assist with In-orbit servicing of 
satellites. By extending the life of satellites, there will be less 
space junk generated. Space debris is currently a very big 
problem as old satellites are decomposing into smaller pieces 
creating a huge hazard for all users. 
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