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Motivation
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Command and Control via

ﬁ

Operator WiFi, LTE, LoS, SatCom, etc.
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Motivation
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Operator
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I )-:qu Common Behavior After Signal Loss

Signal loss Il. Return to home base and circle

No recovery ‘- No recovery .-
————————————————————— —> tl me
®
®

circling time x

circling time x

|. Keep position and circle Ill. Perform autoland
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I >-=F=$< Common Sensory Equipment

Photography
Photogrammetry

Electro-Optical (EO)

Light Detection and
Ranging (LIDAR)

© Phoenix Aerial Systems

© electronicsweekly.com
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Common Sensory Equipment

Agriculture Precision
Farming

© geovantage.com
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I % Common Sensory Equipment

Surveillance
SAR

e Thermal

© http://live.ece.utexas.edu
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Common Sensory Equipment

Collision Avoidance
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I % Visual Communication Approach

Using available imaging sensors to establish gesture based visual communication

« Usability
no additional hardware on ground needed,
signal loss safe
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| % Visual Communication Approach
P

Using available imaging sensors to establish gesture based visual communication

. Usability
no additional hardware on ground needed,
signal loss safe e NEED HELP? A
« Autonomous Search o @

for missing people in dangerous weather conditions

. YES NO

© acmg.ca
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I % Visual Communication Approach

Using available imaging sensors to establish gesture based visual communication

« Usability
no additional hardware on ground needed,
signal loss safe

 Autonomous Search
for missing people in dangerous weather conditions

« Gestural Commanding
for authorized operators on ground in disaster
scenarios
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Gestural Transmission of a Search Task

Visual Communication

”~

y 4. Result transmission

Operator

3. Task execution
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| % Visual Communication Approach

B

Using available imaging sensors to establish gesture based visual communication

. Usability
no additional hardware on ground needed,
signal loss safe

 Autonomous Search
for missing people in dangerous weather conditions

« Gestural Commanding
for authorized operators on ground in disaster
scenarios

« Human Guidance
Landing spot recommendations (delivery drones)

(»:
L\
J
J..\_/ PSCE 17 — Alexander Schelle 05.05.2017




Institute of Flight Systems

| % Visual Communication Approach

B

Using available imaging sensors to establish gesture based visual communication

. Usability
no additional hardware on ground needed,
signal loss safe

UAV no longer
passive observer,

_ but active interaction
« (Gestu rql Commanding o partner

for authorized operators on ground in disaster

scenarios

 Autonomous Search
for missing people in dangerous weather conditions

« Human Guidance
Landing spot recommendations (delivery drones)
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I Modelling Visual Communication with UAS
g Research Topics

Operational

Skeletal
Analysis

Authorization

Feedback
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I Modelling Visual Communication with UAS
g Research Topics

Operational
Modes
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Concept
Operational Modes

4 > Person detection and tracking
> Spot potential interaction requests
(benefit for search for missing persons)
> Thermal LWIR sensor
> Low resolution operator body shape model

Detection Mode

PSCE 17 — Alexander Schelle 05.05.2017
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‘ First Experiment in Detection Mode
g Utilized Sensor System

> 2 Axis gyro-stabilized gimbal incl. GEO-lock
DST OTUS-L170

> |R camera FLIR TAUZ2 640
640x480 @ 25 Hz, HFOV 69° (9mm lens)

> GIgE Interface for video

> RS485 Interface for control
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Experiment in Detection Mode
Setup
f=9mm 2x digital zoom

> Test setup in detection mode
* Cloudy day
 Height ~30 m
« Distance ~105 m
» Offline processing

4x digital zoom 8x digital zoom
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Experiment in Detection Mode
Results

Person and Waving Gesture
Detection with LWIR sensor
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Concept
Operational Modes

B

% > Operator detection and tracking
> Spot potential interaction requests
(benefit for search for missing persons)
> Thermal LWIR sensor
> Low resolution operator body shape model

Detection Mode

Interaction Mode

~ O 7 > Gesture_rec_ognition
. > Translation into gestural command components

> Depth sensor, EO with high zoom

' ' > Medium or high resolution operator body shape model
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I Modelling Visual Communication with UAS
g Research Topics

Q/

Skeletal
Analysis
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:
g Operator Body Shape Model

Ground sample distance

' I T
® ® L ® X L ® ® L o

o o

® ° ° ° °

Low Resolution Medium Resolution High Resolution
Depth-Sensor,
S D ZerBm [EO-SEmEe)
(.»" Number of recognizable gestures
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- . Skeletal Analysis

Common Tools for Skeletal Analysis

« Kinectv2

Depth sensor + big learned dataset —
+ hardware processing

A

+ Fast . ,-/ : ’{?\J

+ Accurate

- Hardware dependent A |
- Limited Sensor range WE]TEREGB;&g':n Orientation Muscle+Force Heartrate Expression
- Indoor use only © youtube, wired

"
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Concept

Skeletal Analysis

£
New Advances in Pose Estimation usi

LS
» LA

ng Deep Neural Networks

4 - -
SN flndg iy S AU i ;
WAy Y Ly A -
-~ ‘o

e Zhe et al., 2016

“Realtime Multi-Person 2D Pose
Estimation using part Affinity Fields

7

+ Bottom up approach
+ Accurate
+ No depth sensor needed

- Computational costs
- Real-time only with GPU
acceleration
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Experiment in Interaction Mode
g Sensor System

> Stereoscopic depth camera
Intel RealSense R200

> Color stream
1920x1080 @ 60 Hz, HFOV 70°

> |R stream
628x468 @ 60 Hz, HFOV 59°

> Depth stream
628x468 @ 60/90 Hz, HFOV 59°

> Depth range
0.6...10m (outdoor)

> USB 3.0 interface
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Experiment in Interaction Mode
Setup

> Octocopter sensor platform > Performed gestures
* Industrial 3.5 Mainboard « Waving with both arms
* Intel i7 3860 multicore CPU « Attention!/I'm in command
« 8GB RAM « Move left, move right
« 512 GB mSATA SSD « Come closer, back up

7 PSCE 17 — Alexander Schelle 05.05.2017 27
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nt in Interaction Mode
Results for small distance

Distance to Stage I Stage Il
Operator: /m

Dynamic gesture

Gesture spaces Gesture type DNN approach

approach recognition based on
"Zhe et al. Realtime Multi-Person 2D Pose

Estimation using Part Affinity Fields, 2016"
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Modelling Visual Communication with UAS
. Research Topics
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Syntax for Gestural Commands

Task
declaration

- S
- .

j Time
. constraint |
. (optional)  /-__

Gestural
e command

Post-task
behavior
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Concept
g Gestural Command Components

Task
declaration

TASK DECLARATION
Time

constraint Direction / \
(optional)
Gestural Object Type

command
“SearCh and “Humanu
count objects
of type...”
Post-task _
behavior Distance

(M’
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Concept
Person and Place Delixis

B

,JHuman*

,This direction®

/ .
»,My location”
»,My surrounding”
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Concept
g Gestural Command Components

Task
declaration

DIRECTION

Time / \
constraint
(optional)
Gestural Absolute
command
"Heading=90"" “Heading=East”
Post-task _
behavior Distance
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Concept
g Gestural Command Components

Task
declaration

DISTANCE

Time
constraint Direction
(optional)
Gestural
command “Distance=500m"
Post-task
behavior
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Concept
g Gestural Command Components

Task
declaration

POST-TASK BEHAVIOR

Time
constraint Direction
(optional)
Gestural
command “Return to me”
Post-task Distance

behavior
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Concept
g Gestural Command Components

Task
declaration

______ TIME CONSTRAINT

I -
,,' Time \‘ / \
|| constraint 1 Direction
\ H
\\ S Gestural Activation Duration
\\ ’,/

(optional)  A~~.

S command
“Consider time “Maximum task
constraint” duration =
10 minutes”
Post-task :
behavior Distance
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Modelling Visual Communication with UAS
. Research Topics

Authorization
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Concept
Authorization

B

Authorization levels

\

Operator Person

can task UAS can attract attention . / Face Recognition

—_—
Database

T

' X3 Skeletal Recognition

Authorization features
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Modelling Visual Communication with UAS
. Research Topics

Feedback
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1
. Visual Feedback
Flight Maneuvers Text

MESSAGE RECEIVED AND UNDERSTOOD
Aircratt will indicate that ground signals have been seen
and understood by —

(Siage=)

Day or moonlight: Rocking from side to side.

Night: Making green flashes with signal lamp.
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More low bandwidth feedbacks:

MESSAGE RECEIVED BUT NOT UNDERSTOOD

Aircraft will indicate that ground signals have been seen but
not understood by —

« DIRECTION?
 DISTANCE?
« TASK?

Day or night: Making a complete right hand circle. TYPE?

L IR IR JER IR - REPEAT

Night: Making red flashes with signal lamp.

-, © aircav.com
(/“

PSCE 17 — Alexander Schelle 05.05.2017



Institute of Flight Systems

{}E@y

Experiment in Interaction Mode
Result

Distance to LWIR EO

17° HFOV, 4x digital zoom 3°HFOV, 16x optical zoom
Operator:
105m
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CiFs .

Visual Communication with UAVs

Enables bidirectional interaction

Allows a more natural interface

Improves usability

Opens new fields of application
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