
Trust
A dynamic trust model is incorporated to aid in task

decomposition and real-time switching, with higher trusted

robots being allowed to take on more work and traverse riskier

human-made paths. Trust is comprised of robot performance

(𝑃𝑅), human performance (𝑃𝐻), and system faults (𝐹).
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Overview
Autonomy has made great strides over the history of robotics, dramatically

decreasing physical and cognitive workload of operators and increasing task

performance. However, automation has yet to surpass the adaptability and high-level

cognitive reasoning of a human operator. It is therefore desirable to devise novel

methods of effective human-robot collaboration (HRC) that take into account the

strength of both autonomy and human operation by detecting scenarios difficult for

autonomy and weighting that difficulty against operator workload.

Robot controller design is usually hierarchical with both high-level task and motion

planning and low-level control law design. Presented here are two methods for low-

level and high-level control designs, respectively, to guarantee joint performance of

HRC systems.

Simulation Results
One operator collaborating with three robots in an unknown environment.
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Simulation Results

HRC for Safe Symbolic Motion Planning
In the high-level approach, formal methods are applied to a scenario where an

operator oversees a group of mobile robots as they navigate an unknown

environment. Autonomy uses specifications written in linear temporal logic (LTL) to

conduct symbolic motion planning in a guaranteed safe but conservative approach.

The human operator can produce more efficient paths but is less

safe due to incomplete environmental information.

Suboptimal HRC for Guidance and
In the low-level method, the switched linear quadratic regulator (SLQR), an optimal

control policy based on a quadratic cost function, is used taking into account system

dynamics and operator workload.

Conclusions
Incorporation of HRC into the controller hierarchy takes advantage of the benefits of
both human and autonomy. Future works will expand upon this concept to study the
advantages of having HRC at multiple control levels simultaneously.
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𝑋 = Δ𝑧, Δ𝜃, Δ𝜙, Δ𝑢, Δ𝑣, Δ𝑤, Δ𝑞, Δ𝑟 , error states
𝑈 = Δ𝛼, Δ𝛽, Δ𝑟𝑝𝑚 , error inputs
𝐴, 𝐵 = Linearized AUV state and input dynamics
𝛾 = workload
𝑏𝜎 = 1 manual or 0 autonomy
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Under pure autonomy

Under human-robot collaborative control

(Left) Under pure autonomy, the system
cannot compensate for the unknown
cross current.

(Below) Using SLQR to choose between
manual control (𝜎 = 1) and autonomy
(𝜎 = 2 ), system successfully navigates
through the environment (a), with
switching scheme outlined by time (b)
and position (c).

Specification
Safety and reachability specifications are written in

linear temporal logic. This global specification can

be distributed as subspecifications and used with

model checking to find acceptable paths in the

abstracted state.

Control Scheme:

𝑇𝑖 𝑘 = 𝐴𝑇𝑖 𝑘 − 1 + 𝐵Δ𝑃𝑅𝑖 𝑘

+𝐶Δ𝑃𝐻 𝑘 + 𝐷Δ𝐹𝑖 𝑘

𝐹𝑖 𝑘 = 𝐶𝐻𝑖𝑡𝑠𝑁𝐻𝑖𝑡𝑠𝑖 𝑘𝑃𝑅𝑖 𝑘 = 𝐶𝑂𝑏𝑠𝑁𝑂𝑏𝑠𝑖 𝑘 + 𝐶𝐺𝑜𝑎𝑙𝑠𝑁𝐺𝑜𝑎𝑙𝑠𝑖 𝑘

𝑃𝐻 𝑘 =  
1 − 𝛾 𝑘 𝑆𝑂𝑏𝑠𝑖 𝑘 +1, 𝑖𝑓 𝑏𝜎 = 1

1 − 𝛾 𝑘 , 𝑖𝑓 𝑏𝜎 = 0

Low Trust High Trust

Simulation start
Initial plans are 

generated

Operator paired 
with Robot 2 and 

makes a plan

Operator paired 
with Robot 1 and 

makes a plan

Robot 2 loses 
trust from near 

miss

All agents successfully navigate the
unknown environment to achieve
each goal (left), with trust progression
as shown (right)
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