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Current State of Manipulation Technology

• State of the art for mobile manipulation in the fie ld
– Version 1.0 of manipulation technology

– Characterized by incremental advances

• Mobile manipulation driven by EOD market
• Emerging missions require more capabilities from 

manipulators
– Vehicle Borne Improvised Explosive Device 

Detection/Disposal

– Medical/Telemedicine

– HAZMAT Handling/Environmental Remediation 
– Search and Rescue

– Security

– Reconnaissance
– Tactical/SWAT

– Logistics & Maintenance



RE2 Confidential

4

Challenges of Existing Manipulation Systems

• High upfront and lifecycle costs
– High learning curve to become highly skilled operator

• Lack of application specific tools
– Gripper is the ‘Workhorse’

• Lack of dexterity

• Lack of feedback to operator
– Depth perception is a particular issue

• Poor situational awareness
– Camera views and placement

• Primitive control
– Joint control is awkward and requires high-levels of concentration

• Physical and mechanical restrictions

• Cumbersome, difficult to use grippers
• Lack of payload flexibility
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Challenges of Existing Manipulation Systems

Where do we need to go?

• Incremental changes don’t lead to technology breakthroughs

• Need to focus on strategies that deliver ‘high impact’

Modularity

The measure of a system’s ability to accept changes in its components. 

Highly modular systems can respond to component replacement 
dynamically.

Intelligence
An open-ended collection of behaviors that allow operators to make better 

use of their devices by controlling them at higher levels.

Modularity and Intelligence
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Mobile Manipulation Framework
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Types of Modularity

• Payload Modularity
– Allows for different payloads to be attached to the same mobile 

platform
• Example:  Family of Components concept (AEODRS)

– Allows for multiple platforms to use the same type of payload

• Tool Modularity
– Enables the operator to change manipulator end-effectors
– Enables operator to add 3rd party tools 

• Disruptor attachments
• Specialized sensor packages
• Cameras

New 
Technology
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Types of Modularity

• Design Modularity

– Provides for component configurability at the factory
• Examples:

– Adding or removing joints (DOF)
– Multiple motor configurations for different lifting capability 

requirements
– Allows for greater choice in tradeoffs 

• Software Modularity
– Software modularity is critical for highly modular systems

– Allows for individual software components to be easily replaced
• Example:  HCI - User interface control improvements

– Open architecture such as JAUS
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Intelligent Behaviors

Intelligence � Autonomy

• Intelligence allows operators to maximize existing capabilities

• Can provide new capabilities
• Provides a path forward for integrating new technology:

– Control

– Feedback

– Semi autonomous behavior
– Near autonomous behavior
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Intelligent Behaviors

Current Limitations

• Manipulation Control
– Joint Control

• Switches & knobs control individual actuators
• Adding more DOF increases complexity of control

• Requires greater concentration on manipulation tasks

• Feedback
– Heavy reliance on video, which can be limited

– Indirect feedback � operators listen to the strain of 
motors

– Depth perception is a significant challenge

• Example:  Using a miniblind to gauge distance
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Moving Forward
• Whole arm control

– Transition from ‘Joint Control’ only � ‘Whole Arm Control’
• Intelligent control is required for high DOF manipulators

– ‘Tool Point’ control is good example
• Requires position feedback within manipulator

– Dual-mode options provide greater flexibility

• Improved sensing and feedback
– Example:  Graphic represents arm position
– Technology Challenges:

• Incorporating sensor data
• Proximity
• Stereo vision
• Ladar
• Force Feedback

Intelligent Behaviors

Tool Point Mode Joint Control Mode

Graphical joint feedback
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Intelligent Behaviors

Moving Forward
• Automated coordinated movements

– Stored ‘pre-set’ routines
• Ready position, stow, extend out

– User programmed movements � ‘Teach-Play’
• Gives operator more ‘control’
• Position ‘recall’
• Auto approach ‘x’ inches

• Higher level autonomous behaviors
– Tool Point Alignment

• Select object of interest on OCU
• Manipulator automatically aligns to object
• Dependent on sensors for depth/positioning

Tool Point Alignment
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Increasing Acceptance for Intelligent Behaviors

Challenges
• Intelligence can be perceived as autonomy

– Adoption of some technologies takes time
• Example:  Video game controllers vs. Knob/switch

– Mission Safety
• Higher Risk = Reduced Acceptance

• Technology must provide ‘trust’
– Predictability:  operator knows the result of an action
– Reliability:  the action is the same, every time

• Example:  Tool point control
– Multiple solutions for achieving desired orientation
– Collision could occur, especially in high DOF systems
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Benefits of Intelligence and Modularity

Modularity Intelligence

Lower 
Lifecycle Cost

Extendable

More uses, more platforms

Reduced training cost

Shorter learning curves

Application 
Specific Tools

Extendable Intuitive control of multiple 
tools

Dexterity Ability to add more joints (DOF) Intuitive control of High DOF 
manipulators

Situational 
Awareness

Ability to add cameras/sensor 
packages

Integration and control of 
sensor packages

Control Allows technology insertion Intuitive control using software 
and multiple control ‘modes’
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Excerpts from NBSCAB Requirements List

Description Routine High 
Consequence

Urgency

Robotic cutting capability for removing clothing from bomber 7.7 8.42 7.83

Ability for the manipulator arm to move with the agility of a human arm 7.35 8.39 7.56

Ability to measure/judge distance from the end effector camera. 7.6 7.92 7.42

Ability to place/deploy access and disablement charges from the RCV 7.08 7.9 7.46

Ability to know the position of the Platform, manipulator arm and end 
effector without using cameras

7.23 7.87 7.1

Multiple end effectors/grippers which can be changed out without
returning the RCV to the safe area.

7.23 7.83 6.94

View from the end effector/gripper camera without the grabber interfering 
with view

7 7.58 6.81

Improve manipulator arm and gripper movement for vehicle operations 6.74 7.51 6.81

Ability to hold an item and cut or open it with the end effector (second 
manipulator)

6.28 7.19 6.63
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Conclusion

• Modularity and Intelligence technology provide for highest impact 
advances in the near term

• Modularity is a response to current limitations of ‘one size fits all’
systems

• Provides for new technology insertion

• Intelligence provides improved control, sensing, and feedback

• Addresses limitations of joint-by-joint control
• Allow for operator programmed movements

These are capabilities that lead to large improvements in mobile
manipulation.  

• Reducing Cost
• Improving Capabilities
• Creating Flexibility to Adapt to New Missions
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Questions?

CONTACT INFORMATION:

John Culbertson

john.culbertson@resquared.com

RE2, Inc.

32 Thirty-Ninth Street

Pittsburgh, PA 15201
(412) 681-6382

info@resquared.com

http://www.resquared.com


