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Who are we?

Jelle van Dijk, PhD Rosa van Tuijn, MSc
Cognitive psychologist Interaction designer
Cognitive neuroscience Industrial Design, TU/e
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Human Machine Teaming

Defence, Safety @

& Security Organisations
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Human Machine Collaboration N
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Why Human-Machine Teaming?

: r Tay: Microsoft issues apology over
Cruise recalls all self-driving cars after . N -

grisly accident and California ban

All 950 of the General Motors subsidiary’s autonomous cars
will be taken off roads for a software update Lack of human

oversight

Meaningful human control
Ensuring appropriate human influence
QH. i | ok over automated systems

Lack of ae
transparency =

. II.._ I- .-m_

T Information "
o
overload —
=

= £
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How to design Human-Machine Teams?

 Socio-Coginitive Engineering (SCE) Method

Specifications Evalugti
Functions, Use Cases, vatuation

Objectives, Effects Prototype, Simulation

. ) I

Foundation

Operational demands, Technology, Human Factors Image credits: Jurriaan van Diggelen, TNO
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Levels of Automation

Levels of automation

Levels of automation versionio Contactperson: rosa.vantuijn

Leading role in taking initiative Supporting role by (™ Internal reasoning and . .
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leellElzg e s e | ekt o o contngencies. | Understand the situation

Human on the loop

omputer

Level 5_ ﬁ = 2 i : play th T T Ers All results, in
Play delegation 3L 0 : ;  interpretation for lecisions were

Decide
mputer is responsible for £ il .
ot vy doond ks prod gt g osiiies Select the most appropriate

time to veto
results from the umput:-rcn:- & 10 Ve

Task delegation  non-protiecrlecr g e coneidered prime e —— course of action

Both human and computer
p«'arfurm ranking tasks, the
. from the humun are
Level 3 ¥ing e e Feth iy aud Corpueed ¢ e nsidered prime.
u d th
f information for the human. The : encies. The is from the human are I G e DD
Informed human still is the prime monitor respensible for interpretation of considered prime. el 2 5

for all information. the data.
The human performs all Act

inking tasks, but the computer
can be d as a tool for

L I 2 Human is the prime source for dictions. The human performs all - assistan l h Q—=Q
eve gathering and monitoring all puter shadows for ranking tasks, but the computer exec : 3 s I I I I p I I l nt t e ec I S I o n

data. Computer sha L a can be used as a tool for -
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the data.
R e O ] O e

NPULE srswuies uswson
human approval. Human
shadows for contingencies,

Human in the loop

he computer does not assist in
or perform ranking tasks.
Human is the only source for Human is responsible for - Human must do it all,
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decision.

Human is the loop

Young, L. A., Yetter, J. A., & Guynn, M. D. (2005, September). System analysis applied to autonomy: Application to high-altitude long-endurance remotely innovation
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Types of Human-Machine Teams

sion 1.0

Leading role in taking initiative Supporting role by (™ Internal reasoning and .
[4' P e ~ ot rendbace " (_ cognive capabilfy ] @ Observe E; Orient

Level 8 8

Mission delegation

Human out of the loop

Mission delegation SRR " o e s ext It llows foroverride
with veto funtoning’lag s disployed.  programmed conle ying wny’ decisionswere gL oL U eSO

Level 6

Goal delegation

human

Human on the loop

Level 5_ o e plays th . The human
Play delegation 3L prio - ;  nterpretaion o

The computer is responsible for
gathering the information for : s
the hurnan and for displayini
h s time to \
+ all information, but it highlights ‘Jh the umen i results from the umpurer are ime fo veto
Task delegation T ralevan e for interpretation of coneidersd prime, Human
d the data. conti

information for the user
| | || |/ |

The computer is i r Computer is the prime sot
L I 3 ying of analysis and predictior Both human and computer
eve Y d Human shadows for g i puter exacut !
Inf d information for the human. The contingencies. The human is “ffr:'_"c;ﬁ'f_”ﬂ ‘;‘E’;’Tf“m'?::':f“
niorme human still is the prime monitor responsible for interpretation of d shadows for contingencies.
for all information. the data.

Human in the loop

n prime s e alys performs @
Human is the prime source for un alysis and pr The human performs all i . [ T

Level 2 gathering and monitoring all p shadows for ranking tasks, but the computer ~ S P 5 -
data. Computer shadows for es. The human is can be used as a tool for S B M

Operﬂted contingencie: 8spo e f s for contingencie:

Human is responsible for
ing analyzing all data, making
prioritizing predictions, and interpreta
and unders lum.llnq) all data. of the data.

The computer does not assist in
or parform ranking tasks.
Human must do it all.

Human alene can execute
decision.

Human is the loop

van Diggelen, J., Boshuijzen-van Burken, C., & Abbass, H. (2024, October). Team Design Patterns for Meaningful Human Control in Responsible Military
Artificial Intelligence. In International Conference on Bridging the Gap between Al and Reality (pp. 40-54). Cham: Springer Nature Switzerland.
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Types of Human-Machine Teams
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Types of Human-Machine Teams (On site) Goal
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Types of Human-Machine Teams (On site) Goal
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Uncrewed systems (UxVs)

Uncrewed Surface Vehicle (USV) Uncrewed Aerial Vehicle (UAV)

Uncrewed Underwater Vehicle (UUV) Uncrewed Ground Vehicle (UGV)

Inspector 90 - Unmanned Surface Vehicle | Exail
Autonomous Underwater Vehicles For Defense Applications | Exail innovation
m for life 13

Ukraine's Drone Army Was Born In a Crucible of Conflict
THeMIS - Milrem



https://www.exail.com/product/inspector-90-unmanned-surface-vehicle
https://www.exail.com/product/inspector-90-unmanned-surface-vehicle
https://www.exail.com/product/inspector-90-unmanned-surface-vehicle
https://www.exail.com/product/inspector-90-unmanned-surface-vehicle
https://www.exail.com/product-range/autonomous-underwater-vehicles-for-defense-applications
https://www.exail.com/product-range/autonomous-underwater-vehicles-for-defense-applications
https://www.exail.com/product-range/autonomous-underwater-vehicles-for-defense-applications
https://www.exail.com/product-range/autonomous-underwater-vehicles-for-defense-applications
https://www.exail.com/product-range/autonomous-underwater-vehicles-for-defense-applications
https://www.exail.com/product-range/autonomous-underwater-vehicles-for-defense-applications
https://www.exail.com/product-range/autonomous-underwater-vehicles-for-defense-applications
https://www.popularmechanics.com/flight/drones/a25281/ukraine-makeshift-drones/
https://milremrobotics.com/themis-family/
https://milremrobotics.com/themis-family/
https://milremrobotics.com/themis-family/
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Why UxVs?

Opportunities Challenges

UxV capabilities are reduced in
complex environments, e.g. bad
weather, hilly terrain

Reduced risk UxVs can perform dull, dirty, and Complex
to personnel dangerous tasks environments

UxVs reduce the workload for
personnel

Operating 1 UAV: 3+ people

Scalability Operating 2 UAVs: 5+ people

Do more

Reduced A diminished overview of what
meaningful the system is doing and what is

human happening, may lead to

control impaired decision making

A cheap UAV can have similar
@I i il [=Ia[4A capabilities as a much more
expensive helicopter
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Team Design Patterns

- Team Design Patterns are reusable solutions that describe how humans and intelligent agents can collaborate
within teams. Each pattern includes:

« Design problem: What are we trying to solve?
« Design rationale: Why would this pattern work in this context?
« Design solution: How do we try to solve it?

- Example: A concrete illustration of the pattern in use

Goals, Tasks, Constraints, Resources

- TDP: Play-based delegation

(Diggelen et al, 2021)

innovation
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Team Design Pattern: Play-based delegation
o=

Design problem:

How can users quickly and effectively
communicate complex instructions?

How can systems be given varying levels O T s

of autonomy depending on the situation? < s soa s

Escort HVU

Protect HVU Safety of personnel FBA response

Conatroints

Design rationale: — P Tasks Resourc

Resources

=

R €s
Plays are templates with goals, tasks, GOa Is B
resources, and constraints. . in

X »
They can be customized and
simulated before execution.

3 ° ~ 001 '
Design solution: | ¥

2 FBAs
AAW monitoring = FBA Response —————— TOT 6 min.

Play-based delegation owcant

Vieapons sys reacy)

Tracking

Example: )

Engagq

ASW helras ASW Boegsonar
ASuW monitoring
IW monitoring

Safety of personnel |

Level5 % 3 %
Play delegation _@?gia :

© mapbox
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Summary

We discussed

*  What Human-Machine Teaming is

*  Human-Machine Teaming at TNO

*  Why Human-Machine Teaming is important
* How to design for Human-Machine teams

» Design solution: play-based delegation
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