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Introduction

* There are still many limitations with AVs despite several decades of earlier research,

* Many years to come for A-UAVs to become completely self-sufficient,

HITL telemanipulation to build the required trust in A-UAVs.

This technical report examines the telemanipulation schemes between two smart agents:

**human telemanipulators (HTMs) and A-UAVs.

This work develops a platform to test and evaluate telemanipulation Schemes



Components of human haptic close-loop telemanipulation of A-UAVs
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A tight communication
channel with high
bandwidth capabilities
(i.e., ultra-reliable and
low-latency
communication
(URLLC))



Telemanipulation Schemes with A-UAVs

A.NO CONTROL (SUPERVISORY)

Intelligent Aerial Transportation Systems (IATS)

-Situation awareness Intervention request
-State awareness Option -I-, Option -li-, Option -li-, ...
- <~

-Local sensing
-Self actuating

“Instant feedback:
-Situation awareness
~State awareness
T~ NO CONTROL WITH DTs =
You are good to go with option -x-
I 'am in passive mode (HITL/HOTL)

-On alert for intervention
-Telesupervision

-Emulation with DTs =
-Remote situation aware N
-Remote state awareness =

B. COACTIVITY (SHARED )

_Situation awareness  ntelligent Aerial Transportation Systems (IATS)
Coactivity request

-State awareness S eUPY RH s

-Local sensing = ~
-In]fteleope_ratgr)m -Emulation with DTs
self-actuatjon -Remote situation awarenes
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C. COLLABORATION (JOINT)

-Situation awareness  Intelligent Aerial Transportation Systems (IATS)
-State awareness Collaboration request

-Local sensing =T -
-In teleoperation mede
self-actuatign”

L
/ m&‘dback: -Remote state awareness

'!‘W‘ -Situation awareness :I:::zgﬁ;z:;?;‘;
~ -State awareness —
~COLLABORATION MODE WITH DTs (Interchange of control
I am in active mode
Don’t let me do wrong, warn me if | am doing wrong (AITL)
Take control when required (HITL)

D. FULL CONTROL (MASTER-SLAVE)

-Situation awareness Intelligent Aerial Transportation Systems (IATS)
-State awareness Teleoperation request
-Local sensing -7 N

-In teleoperation mo

-Emulation with DTs
-Remote situation aware

Cooperation request =

<
'/ ﬂns ant leedback: -Remote state awareness P back: RS S S EETERS
-Situation awareness -Coactivity | Situation awarell\ess -Teleoperating
W -Telemanipulating -
v-g-tate awareness -St\ate awareness
COACTIVITY MODE WITH DTs _ o
We are both in active mode (HITL & AITL) ~THTM S~ FULL CONTROL WITH DTs -
Anticipate my manceuvres/actions. ~- laminactivemode --~
Assist me to achieve a better manoeuvre/task performance. Obey my actuations (HITL)
E. COOPERATION (ALL TOGETHERNESS)
.r|_ Intelligent Aerial Transportation Systems (IATS)
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Telemanipulation Schemes with A-UAVs

A. NO CONTROL (SUPERVISORY)

Intelligent Aerial Transportation Systems (IATS) * Theinvolvement of
-Situation awareness Intervention request HTMs minimised.

-State awareness Option -I- ion -lI- ion -l1I-
ption -I-, Option -lI-, Option -lll-, ... . .
_Local sensing o A high degree of

-Self actuating freedom for A-UAVs.

-Emulation with DTs
-Remote situation awarenes
-Remote state awareness
-On alert for intervention

-Situation awareness .. |
-Telesupervision [t

State awareness
T~-__  NOCONTROLWITHDTs __-—-—_ "M

You are good to go with option -x-

| am in passive mode (HITL/HOTL)

J

v' HTM assists A-UAVs by setting short-range subtasks for the agent to achieve independently.



Telemanipulation Schemes with A-UAVs

B. COACTIVITY (SHARED )

Intelligent Aerial Transportation Systems (IATS)
Coactivity request

—— P——
-_— —_—
B

-Situation awareness
-State awareness

We are both in active mode (HITL & AITL)
Anticipate my manoeuvres/actions.
Assist me to achieve a better manoeuvre/task performance.

-Local sensing —— -~
-In teleoperation maog
- -~

self-actu?t}oﬂ -Remote situation awarenes

/ ﬂ’ns ant reedback: -Remote state awareness

[ ‘ .
W -Situation awareness -Coactuwt}/ '

vState awareness _-Telemanlpulatmg 1
COACTIVITY MODE WITH DTs . u

v Roles and responsibilities may not be distinctively assigned.
v" Human and robot skills combined.
v" The combined system can outperform both agents.
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* co-activity

* master-master

(i.e. more equal co-worker)

e combined task
performance
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Telemanipulation Schemes with A-UAVs

C. COLLABORATION (JOINT)

-Situation awareness Intelligent Aerial Transportation Systems (IATS) * sub-tasks traded back
-State awareness Collaboration request and forth

—_— -

-Local sensing e - e sub-tasks performed

-In teleoperation mede C . .
peratior individually
self-actuatign” o
= -Remote situation awarenes ° J0|nt task performance
Ve
{/ FEETa e T -_IFEelmote s(;c_ate _awareness
= -Situation awareness -TelecoErblnatlfJn
-State awareness [[iEeceld oration

v

~ ~COLLABORATION MODE WITH DTs (Interchange of controI;__!
| am in active mode -~ THTM
Don’t let me do wrong, warn me if | am doing wrong (AITL)
Take control when required (HITL)

v" Humans and robots converge to exchange ideas and settle disagreements rather than a superior

giving orders to a subordinate.
v" The robot has more freedom in execution.



Telemanipulation Schemes with A-UAVs

D. FULL CONTROL (MASTER-SLAVE)

-Situation awareness ' Intelligent Aerial Transportation Systems (IATS)
-State awareness Teleoperation request

-Local sensing ~ =

-In teleoperation mod

~

-Remote state awareness

Instant feedback: .
-Teleoperating

KSituation awareness
N
-State\awa reness

~
S~ FULLCONTROLWITHDTs -~ "~

e S
~ —_

~ - laminactive mode -~
Obey my actuations (HITL)
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Onboard sensor
failures

failures of primary
actuators

v' Complete tasks may need to be performed by HTMs alone under extreme conditions in this scheme.
v' HTMs, as leading agents, take over the control and lead A-UAVs as follower agents.
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Telemanipulation Schemes with A-UAVs

E. COOPERATION (ALL TOGETHERNESS)
Intelligent Aerial Transportation Systems (IATS)

e Swarms of A-UAVs

*  multiple
telemanipulation
schemes

e Common goal as a
teamwork

* one-to-many or
many-to-many
human-robot
coordination

v’ to accomplish a specific task faster than a single A-UAV or to solve difficult tasks that are beyond a
single A-UAV’s capability, e.g.

-search and rescue missions,

-transportation of a hefty payload.



Main properties of the telemanipulation schemes
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Schemes Loop Decision Obedience A-UAV Obedience HTM Solution for conflicts | Full control Built-in safety
No-control HITL HTM Yes No N/A Yes (A-UAV) Operational
Co-activity HITL & AITL HTM & A-UAV No Yes HTM & A-UAV No Operational
Collaboration | HITL || AITL HTM || A-UAV No No HTM || A-UAVs Partial Operational
Full-control HITL HTM Yes No N/A Yes (HTM) Inactive
Cooperation Mix interactions | Mix schemes (above) | Mix schemes (Yes||No) | Mix schemes (Yes||No) | Mix schemes (above) | Mix schemes(above) | Operational

Transitional responsibilities of the HITL and AITL agents during the switching

Switching between schemes

Current control

Next control

Current dominance

Next dominance

Switching control

No >>>>co-activity A-UAV A-UAV-HTM | A-UAV A-UAV&HTM A-UAV

No >>>>collaboration A-UAV A-UAV-HTM | A-UAV HTM A-UAV&HTM
No >>>>full A-UAV A-UAV-HTM | A-UAV HTM A-UAV&HTM
co-activity >>>>collaboration | A-UAV-HTM A-UAV-HTM | A-UAV&HTM HTM HTM
co-activity >>>>full A-UAV-HTM A-UAV-HTM | A-UAV&HTM HTM HTM
co-activity >>>>no A-UAV-HTM A-UAV A-UAV&HTM A-UAV A-UAV
Collaboration >>>>full A-UAV-HTM A-UAV-HTM | HTM HTM HTM
Collaboration >>>>no A-UAV-HTM A-UAV HTM A-UAV HTM&A-UAV
Collaboration >>>>>>co-activity | A-UAV-HTM A-UAV-HTM | HTM A-UAV&HTM HTM

Full >>>>no A-UAV-HTM A-UAV HTM A-UAV HTM&A-UAV
Full >>>>co-activity A-UAV-HTM A-UAV-HTM | HTM A-UAV&HTM HTM

Full >>>>collaboration A-UAV-HTM A-UAV-HTM | HTM HTM HTM
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Main Interface
- CLOSE .-’V
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Platform to Test and Evaluate HITL Telemanipulation Schemes

WING Device

Bugton»o
Z-Down Button-2
Bunon}‘\

Roll Starboard Roll Neutral Roll Port

2
NN

Yaw Port Yaw Neutral Yaw Starboard

Fig. 4: Essential attributes: The mapping of the WING to the
rotational orientations with three degrees— roll (®), pitch (©)
and yaw () channels.

Fig. 5: Conceptualisation of 6DoF (i.e. 3 translation degrees
and 3 rotation degrees) of the WING.

R Neutral

I

(| rorce A pll

Yaw port

17 19 21 37
bLuuurL r'\‘ )||JL

Neutral

31 33 35 37 39 41 43 45 47 49 51 53 55 57
Sequence W Value

Fig. 7: States of Yaw Starboard.

\\\V//
University of
@ Central Lancashire

UCLan

Neutral

‘ HH“[H“ wax l|| H HHH“ | it

Neutral



Nz
P University of

Platform to Test and Evaluate HITL Telemanipulation Schemes (#%) Central Lancashire
Methodology: Hooking and manipulation

D. HITL/HOTL HTM CA: Probable/Imminent C. HITL/HOTL HTM CA: (
collision alert Health assessment & failure
detection
D.Il. Probable/Imminent collision alert
Ty ) C.I. Trajectory/path DJI systems UgCS systems Other UAV systems
Trigger alarm for HTM J : ilure warning command & command & command & control
control control
| ——— i)
HTM
D.1. Early collision warnlng) Return to original tajectory wnm
: x ” self-control mode to complete
Trigger early warning for HTM J ) st 3 the remaining missior? )
A-UAV Liberated
HOTL
Manual manoeuvres
FA--UAVs (X.Y.2) (@,0,)
: D.IIl. HOTL HTM CA: Probable/Imminent collisgn alert
2 4 »<AND/OR><
SA=UAYS onitor unti ‘k/
imminent
SA--UAVs

collision

Heading to left of current Heading to right of current
navigation direction with navigation direction with
increasing speed increasing speed

|_—
p— _I
Continue to last

specified navigation
direction

Probable
collision

Continue to last
specified navigation
direction

Continue to last
specified navigation
direction

:D.Iv. HITL HTM CA: Probable/Imminent collision aler;

\ 4 e —
Monitor until WG LAGEN / q) Heading to right of
robable/imminent FA-UAV, i R ekl g
p ~{ Pitch forward: current navigation

Reduce altitude direction

o]

Pitch backward:
Increase altitude

collision Probable/

sqminent collisigs

Heading to left of | |
current navigation
direction

WING & HTM|

probable/im
collision,
arly warnipg

Early warning

A-UAV Hooked

A-UAV manoevred




Platform to Test and Evaluate HITL Telemanipulation Schemes
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Manipulation of A-UAVs using WING Device

Data: System input: Y ppar & Vemin & Ysmar & Vemin &
d‘-)Pmam & (DF'min & (DPmﬂ.m & KLF'min & QF‘mn:r & (':)F‘vru"n
& Opmaz & Opmin
Data: Instant input: Rol flights.Data
Result: Dy W & Dy P & Dy.© & Dy heading & D py.speed & Dy .alt
=1> Create the hooked drone for manipulation & initialise variables;
HookedDrone D g = new HookedDrone(); Dy = meD:
d—)prm_. =10 mez IR 'I—"prm_. =0:Dg. =0 Dg.@ =0, Dyg. ¥ =10;
while hooked do
= Inputs from WING:
if ((W. == " RotationZ" ) &&((Dg . ¥ > —)|[{Dug. ¥ < 7))
then
=== Assign the WING value to Yaw (\W);
Wewr = Wian:
if (Yeur < Ypman)&&(Veur < Ypre))|[(Yeur ==
‘I’F'min)) then
== Heading to left of the curret navigation direction;
Dyy heading = D gy heading - Dy .property(Vpiffpeg):
Dy W=Dy V- Dy.property(Vpifipeg)
else if (((Vewr > Vpmin ) &&(Wonr >
‘I‘gw‘c'u))ll(\pc'ur == 'I’Pvnﬂ.m}} then
== Heading to right of the curret navigation direction;
Dy heading = Dy heading + Dy .property(Wnisipegh
Dy W=Dy W+ Dy .property(Vpifrpeg):
else
| =>> Continue to last specified navigation direction;
end
navigate Dy (Dpr. 0, Dyy.®, Dy 9, Dy heading, Dy .speed,
D pp alt):
Woren = Wonr:
else if (W, ==" X“)&&((H;wa! < "I’S"mam)ll(ﬁ"val =
@pnnnj)&&{(D;j“-I-’ > —11'/2)||(D;[“1> < w/2))) then
=>> Assign the WING value to Roll (&);
Wenr = Waan
if (((Peur < Poman)&8(Pour < Ppreu))|[(Peur ==
q’.‘;‘vniaa]) then N
== Roll starboard: Heading to left of current navigation
direction with increasing speed:
Dy heading = Dy heading - Dy property(Ppifrpeg):
Dy speed = Dyyspeed + Dyg.property(Ppigrpe,):
Dy.® = Dy.® - Dy.property(®pifspeg):
else if (((‘bcua‘ > q’Pmnl)&&({’mn‘ > q’pa‘cu)}”(q"mn' ==
P praz)) then

end

el

cllsc if (((‘bc!n‘ = "I’Prnnl)&&(@mn‘ > q’pa‘cu)}ll(‘bﬂ‘hl' ==
d’Prnar)J then
=2 Roll port: Heading to right of current navigation direction
with increasing speed:
D gy heading = D gy heading + D gy property(headDiff);
Dy .speed = D gy speed + D gy property(speedDiff);
Dy =Dgyg.d+ DU,p?‘ope’.r‘t-y(‘-l—’giffgcg);
else
| === Continue to last specified navigation direction;
end
navigate D gy (D W, Dy P, D9, Dy heading, D gy speed,
D gy alt);

prev = Drr:

else if (W == "Y")&&((Wyar < @pmaz)||[(Waar >

Opmin) ) &&((Dy.© > —n/2)||(Dy.© < 7/2))) then
=>> Assign the WING value to pitch (8);
Veur = Woals
if (((ecur' < (::}F'vnﬂ.m)&&(@cur < eprcu})ll{@cin‘ ==
eFrnin }) then

=2 Pitch forward: Reduce altitude;

Dyy.alt = Dyp.alt - D gy property(altDiff);

Dy speed = D gy speed - D gy property(speedDift);

Dy.©®@=Dy.®-Dy.property(Opifipeg):
Ise if ({{ecin‘ > errlinJ&&:(ecu]' >
epa‘cu)}ll(ecnr == Opmaz)) then

=== Pitch backward: Increase altitude;

Dy .alt = Dy alt + D gy property(altDift);

Dy speed = D gy speed - D gy property(speedDift);

Dp.©=Dy.0+ Dy property(Opifrpeg )

(]

else
| =2 Continue to last specified navigation direction;

end

navigate Dy (Dygp W, Dy @, Dy . ©, Dy heading, Dy speed,
-DH-H-II}; ej)]'e‘.‘l.‘ = 6(.'11?":

=2> Return to original trajectory after released from hooking;
hooked = "talse™;

ReturnToOriginal Trajectory();

end
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Maintaining trust in autonomous drones can be achieved through human
telemanipulation.

The best possible location-independent co-work between intelligent aerial vehicles
and skilled humans is described in this report.

This research aims to develop an integrated collective approach to make HITL and
AITL agents co-work.

The developed approach enables the global operation of A-UAVs BVLOS.

BVLOS real-time HITL telemanipulation approaches are expected to expedite the
elimination of Visual Line-of-Sight (VLoS) human operators.

This paper aims to model human-automation interaction (HAI) in autonomous UASs.
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