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• Human Autonomy Teaming
• M:N
• Playbook
– Simulations
– Flight Tests

• Working agreements
• Cognitive Walkthrough
• Socially distanced Sim
• Meat Servo Sim
• Working Group

Background
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Human-Autonomy Teaming (HAT) Agent
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• Enable a single operator (or group of operators (M)) to control multiple vehicles(N) 
through human autonomy teaming (HAT) principles.

f(Nt, St, dist)
• Neglect time f(automation, working agreements)
• Service time f(contingency management, playbook)
• Distro f(predictive timeline displays)

• Quantify M:N
• Understand parameters
• Tools to support

M:N – Multiple Operators to Multiple Vehicles
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• Delegation: one way humans manage 
supervisory control with heterogeneous, 
intelligent assets

• Playbook®: ones means of delegation
– Playbook® is a registered trademark of Smart 

Information Flow Technologies

• Plays: analogous to football
– Quick commands – complex actions

• A Play provides a framework
– References an acceptable range of plan/behavior 

alternatives
– Requires shared knowledge of domain Goals, Tasks 

and Actions
– Supervisor can further constrain/stipulate

• Potentially facilitates intuitive cooperative 
control of Unmanned Systems

Delegation Control: Playbook®
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A page from Alonzo Stagg’s 1927 Playbook
Copyright 1927 University of Chicago

Amos Alonzo Stagg, Physical Culture and Athletics. (n.d.). University of Chicago Centennial Catalogues. Retrieved December 8, 2020, from https://www.lib.uchicago.edu/projects/centcat/fac/facch06_01.html
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TANGO

Predator Provides Overwatch
and looks for egress routes

Shadow provides situation  awareness

Firescout
Does Quick Med
Drop

Example: Troops in Contact Tango

Map data: Google, DigitalGlobe



Levels of Automation Simulation
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Example: Prosecute Target

Tools: 
Arm laser ➔ Lase target ➔ Send coordinates to 
weaponized UAV ➔ Toggle UAVs ➔ Arm missile 
➔ Fire

Scripts: 
Select ‘Lase’ script ➔Toggle UAVs ➔ Arm 
weapons ➔ Fire

Plays: 
Select ‘Prosecute Target’ play ➔ Fire
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Ft. Ord CA, 23 APR 2009

Goal:
• Demonstrates initial proof of concept of 

Delegation Control (Playbook) in flight –
supervisory control of multiple air/ground 
assets in MOUT Scenario

Method: 
• Live/Virtual Demo – Controlling RMAX, CMU 

MAX Rover and 2 virtual UAS with Delegation 
Control

• Voice RGN Control (USAF)

Features:
• Delegation control human-machine interface 

supports control and monitoring 4 payloads
• Automation Transparency
• Live UGV-UAV coordination for slung load 

drop
• Reduced operator workload/high situation 

awareness

Flight Demonstration 2009
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Live RMAX
Virtual Shadow

Virtual Sky Warrior

Live CMU 
MAX Rover



Ft. Hunter-Liggett CA, 19 May 2011
Purpose:
• Build on previous simulations and flight test examining 

single operator control of multiple heterogeneous 
ground/air unmanned systems through delegation 
control employment
– Operator performance data collection/workload assessments
– Heterogeneous flight assets: Boeing Scan Eagle and Yamaha 

RMAX; two virtual UAS
– Testing in operationally relevant mission scenarios
– Multi-sensor cross-cue in support of both targeting and 

convoy support
• Army AFDD/Boeing CRADA

Key Objective: 
• Develop and test DelCon Top Priority Plays; route recon, 

convoy support, troops in contact

Flight Demonstration 2011
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Based on working agreements, the Agent will 
do one of the following:

• [Auto] autonomously executes and informs 
operator 
• [Veto] presents a solution which will be 

autonomously executed unless the 
operator intervenes
• [Select] presents multiple options for 

operator selection

ALTA Action Phase
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• Initial HITL 1 designs adapted for a cognitive walkthrough
– Feedback to feed into sim/HITL experimental design

• Displays
• Use cases
• Data collection tools/instruments

– Data on pilot strategy and decision making in resolving contingency events

• Overview:
– “Pre-test:” May 18 – June 3

• 6 SMEs from Uber
• Revise and improve displays and use cases

– Data collection: July 15 – 22
• 10 subjects (Part 107)

– Four Use Cases
• Nominal
• Simple Contingency (single-vehicle)
• Complex Contingency (multi-vehicle)
• Compound Contingency (hetero. multi-contingency)

– Analysis
• Quick and dirty
• Grounded theory

M:N Ops Cognitive Walkthrough
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• Feedback from pilots indicated that use case 
choices were realistic and likely to happen
in M:N operations
– Likelihood that use case contingency scenarios 

are mitigated by operator rated as “probable” 
to “frequent”

– Time-criticality of operator response in use 
cases rated as “necessary” to “urgent”

• What is the maximum number of aircraft 
that would normally be manageable?
– Average: 12.8 UAs
– Range: 5-20 UAs

• What level of automation should be 
used/would you be most comfortable with?
– Average rating: High automation with option to 

control vehicle
– 2 pilots wanted Full automation in all 

conditions

Cognitive Walkthrough – Preliminary Results
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Automation Ratings

Scenario Likelihood



Cognitive Walkthrough – Meaningful Human Control
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• Set of techniques used to:
– Identify categories and concepts that 

emerge from text
– Link the concepts into substantive and 

formal theories/models

• Grounded theory is exploratory
– It is applied without taking prior 

assumptions about the text
– The purpose is for the discovery of 

hypotheses

• How do you do it?
– Coding: texts à nominal variables

Cognitive Walkthrough – Grounded Theory Analysis
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TEXTS

CODES



Cognitive Walkthrough – Codebook and Themes
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Goal: approximate a HAT Lab HITL under restrictions due to COVID-19
– Demonstrate remote simulation capability

– Allow pilots to interact with our current displays (to the extent possible) to better inform our 
display requirements
• Current plan is to use researcher as intermediary to interact with displays according to participant’s verbal 

input

– Test and evaluate feasibility of CONOPS, roles and responsibilities of the Tactical Operator

– Gather feedback on how best to manage:
• Hand-offs between tactical operators and/or the fleet manager (e.g., excessive workload, phase of flight)
• Potential human-autonomy teaming tools (i.e., ‘plays’) that could alleviate workload strains while still 

keeping pilot informed

Upcoming Sim: ConOps and R&R Study
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ConOps and R&R Study: IVs and DVs
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• Independent Variables
– Workload (within-subjects, 2 levels)

• High
• Low

– Automation (within-subjects, 2 levels)
• Manual
• Recommender System

• Embeded Variables
– Nominal TO tasks

• Respond to status queries from FAM
• Monitor health and status of vehicles and routes
• Monitor conformity
• Respond to ‘minor’ events/issues (e.g., batt issue, 

link hit)
– Main event: UVR

• Manipulate occurrence (counterbalanced): 
– 8-min mark, 10-min mark, 12-min mark, 14-min 

mark
– Instantly appears vs. small heads up

• Dependent Variables
• “Think aloud” protocol

• Strategic and decision-making level data
• Feedback on CONOPS and procedures

• (Surrogate) Usability
• Feedback on displays and interfaces, HMI (maybe… to some 

extent?)

• Correctness of responses?
• Efficiency of the manual response
• Automation doesn’t always give optimal response

• Perhaps due to circumstances the operator knows and the system 
doesn’t

• Trust
• To appropriate assess trust, do we need the system/automation to 

fail or provide sub-optimal recs?
• Which scale to use?

• Workload
• We can measure these, though I think workload will be very high 

simply due to needing to pass instructions through an intermediary.
• Mental Demand, Physical Demand, Temporal Demand,

Performance, Effort, Frustration?

• Meaningful Human Control
• Debrief responses

• Where would HAT have helped?
• Where would another/other operator(s) help?
• Meta questions:

• Reflexive queries on how well the sim was facilitated
• How can the TLX be improved? How would they go about querying 

this?



• Two HAT researchers @ Ames
– One @ DCS [outside in tent(s)]
– One @ HAT Lab

• Subject @ DCS
– Separated from research staff
– Strict PPE & COVID-19 protocols

• N Researcher Observers
– Connected remotely

ConOps and R&R Study: Socially Distanced Configuration
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• Two Researchers @ HAT Lab
– Sim Mgr in N-262 Rm 243
– Meat Servo in N-262 Rm 243A

• Remote Subject
– MS Teams Connection
– Comms link to Meat Servo for commands

• N Researcher Observers
– Connected remotely

ConOps and R&R Study: Subject-Surrogate Configuration
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Goal:  
Bring together government and industry in different domains to pool resources and 
identify common issues.  
Domains:
High altitude, UAS cargo, UAM, small drone delivery, infrastructure inspection.
Products:
Conops, use cases, barriers, current efforts and gaps.
Organizations (for example): 
NASA, FAA, DoD, Academia, Loon, HAPS, Traditional OEMs, UAS OEMs, small drone 
deliver (Uber), RTCA, ASTM, ANSI, SAE
Format:  
Monthly telecons, focused workshop(s).

M:N Working Group
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