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Spatio-Temporal Representation and Activities for
Cognitive Control in Long-Term Scenarios

STRANDS will produce intelligent mobile robots that are
able to run for months in dynamic human environments. We
will provide robots with the longevity and behavioural
robustness necessary to make them truly useful assistants In
a wide range of domains. Such long-lived robots will be able
to learn from a wider range of experiences than has
previously been possible, creating a whole new generation of
autonomous systems able to extract and exploit the
structure Iin their worlds.
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Spatio-Temporal Representations and Activities
For Cognitive Control in Long-Term Scenarios
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O1: A unified understanding of space over time

02: Semantic segmentation of space

03: Understanding human activities

04: Cognitive control of a robot’s activities from

spatio-temporal information

05: Interpreting long-term experience from

sparse observations Robustness

06: Integration and validation of a long-lived
cognitive robot for dynamic, real-world tasks
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ROBOTS AR

» We need a safe robot software
implementation

» We need robots that navigate
safely among humans and real
world

» We cannot do much testing
before deployment

LINCOLN
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MORSE'S ROLE IN STRANDS

» cannot forgo any real-world studies, but  [SeltitNelENC:lrlhielle
System Testing

» we need robust software

implementations,
Generating Dynamic

» we need tested software Worlds
implementations and deployment,

» we need ground truth performance for

i o e Testing long-term Human-
comparison dand digorithm Robot Spatial Interaction

quantification/bootstrapping

LINCOLN




MORSE'S ROLE IN STRANDS

» cannot forgo any real-world studies, but  [SeltitNelENC:lrlhielle
System Testing

» we need robust software

implementations,
Generating Dynamic

» we need tested software Worlds
implementations and deployment,

» we need ground truth performance for

i o e Testing long-term Human-
comparison dand digorithm Robot Spatial Interaction

quantification/bootstrapping

LINCOLN




TOWA
LONG-T

:{

DS CONTINUOUS

P lnilae alms to Florian's for Flobi

» but with the specific ambition to eventually run continuously

» g0 beyond compile-time and unit testing

» system architecture testing
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Jenkins Qscarcn @ MarcHanheide | I
nnnnnnn ENABLE AUTO REFRESH
STRANDS continuous integration server
5 New Item a
& Peoote All | Hydro | +
— s W Name ! Last Success Last Failure Last Duration
> Build History = .
§ I\ catkin_make strands desktop full - .
K Hanage Jenkins @) 3  cotkin moke strands desktop full  7daysi4hr-#213  Bdayslehr-#211  10min
A. Credentials Q@ B ines ec 53
& My views -
0 SSSSSSSSSSS #6 N/A )
' ' Build Queue =|
} No builds in the queue. u STRANDS strands-base hydro 4d #  essec )
a | O | I l Scel l al I O Build Executor Status = 5 o)
= 'y 0 STRANDS strands-extras hydro 13hr- £11 N/A
11111 -
' ' 0 ssssssssssssssssssss vdro 13hr- 29 NA )
I << | | I O O | al a | O | I 0 STRANDS strands-restricted hydro 13hr- 29 NA [%3)
@  smanos strandssctosh vdro 13hr- 29 WA )
gend [ RS: B B latest builds
' '
» monitors ROS topics to =

' i
check accomplishnmenits —

of tasks (e.g. reaching goals), based on SMACH executor
» uses mongodb to store logs and selected topics

» runs In VirtualGL environment to record MORSE video for
debugging
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DYNAMIC WORLDS

» STRANDS sets out to develop “intelligent mobile robots that
are able to run for months in dynamic human environments”

» generating controlled random worlds

» specific build extensions to sample worlds from probability
distributions
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QUALITATIVE SPATIAL
RELATIONS

scene(Monitor, Keyboard, Laptop, Cup, Bottle) <

in-front-of( Keyboard, Monitor) \

left-of(Laptop, Keyboard) \
right-of(Cup, Keyboard) \
behind-of(Bottle, Cup) \

: close-to(Bottle, Cup).
search objects for

efficiently

utilise 3D structures and

probabilistic models of
likely QSRs

Kunze et al,“Using Qualitative Spatial Relations for Indirect Object Search”, ICRA 2014
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QUALITATIVE SPATIAL
RELATIONS

Search method Found Average Average
objects time (sec) poses

» Evaluation in MORSE, USiﬂg random 6/10 68.5 4.8 by
, supporting planes  10/10 33.6 2.3 »
samplmg of scenes : QSR 10110 156 1.1 ""

» random positioning

» supporting faces high low
Object type  Location changes Examples

» QSR-based . — ———
static rare and only quantitative =~ PC, monitor, printer
dynamic frequent and qualitative keyboard, mouse, cup

» Uses semantic camera

» performance comparable
to real-world experiments
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B@ENES CAN BE DESCRIBER SN
W TITATIVE SPATIAL REEAF NS

(Q5RS5)

Y QSR models abstract geometric
"% information away and describe a scene
qualitatively:

scene(Monitor, Keyboard, Laptop, Cup, Bottle) <
in-front-of(Keyboard, Monitor)/\
left-of (Laptop, Keyboard) \
right-of(Cup, Keyboard) N\
behind-of(Bottle, Cup) N\
close-to(Bottle, Cup).




|ldea: Use qualitative descriptions (QSRSs) to
generate scenes of the same structure

# Create a root note i'

table = RootNode('table') Table
# Create several object nodes

pc1 = ObjectNode('pc1")

mon1 = ObjectNode('monitor1") f'_

key1 = ObjectNode('keyboard1’) Objects

laptop1 = ObjectNode('laptop1')
cup1 = ObjectNode('cup1’)
bottle = ObjectNode('bottle")

# Random rotations of objects :
mon1.set_yaw(random.gauss(0.0,math.pi/16)) _—— Rotations
key1.set_yaw(random.gauss(0.0,math.pi/16))
cup1.set_yaw(random.uniform(0,2*math.pi))

# Add object nodes to the root node
table.add(pc1,'north_west')
table.add(mon1,'north’) 4

# Add object nodes relative to other object nodes
mon1.add(key1,'front’)

key1.add(cup1, 'right','close’)

key1.add(laptop1,'left')

cup1.add(bottle, 'back’,'close")

table.place_objects() ﬁ Relative positions

Absolute positions

B A . . 2
UNIVERSITY OF https://github.com/strands-project/strands_morse LINCOLN
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EECOISTRAPPED A STATISTICS OF@SEEEE
ENINOTATING IMAGES OF OFFICE BESKOREES
EENERATE SCENES WITH DIFFERENT STRUGC SRS




' WHERE IS A CUPWRT A
MONITOR?




SAMPLING

Given a set of qualitative scene descriptions:

right-of(Cup, Monitor)

left-of(Cup, Monitor) and in-front-of(Cup,Monitor)

right-of(Cup, Monitor) and close-to(Cup,Monitor)

We generate object positions using the
Ternary Point Calculus [Moratz et al 2003]
by sampling a relative angle and distance
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BIMIIEARLEY, WE ALSO SANMIEISIEE
il INCE RELATION (EGI CECEE

stont distance(referent, relatum)

lose ']"rel — - —
. distance(origin, relatum)
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What about the context! For example: other
Siel[Sens . elojlser Slhue
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» avold collisions

» simply resample
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» algorithm testing for anomaly detection in “periodic worlds”

» exploring the boundaries of “dynamicness”
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» algorithm testing for anomaly detection in “periodic worlds”

Spectral Representation of Temporal Environment

Domains
Time domain
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DO WITH THIS
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» algorithm testing for anomaly detection in “periodic worlds”

» exploring the boundaries of “dynamicness”
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What is the localisation

error, if... ?
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MORSE'S ROLE IN STRANDS
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Human-Robot
Spatial Interaction (HRSI)

Prompting by Moving

Modelling HRSI|

. Predicting and Recognising
HRSI Behaviour/Intentions




NARROW SPAC

Coordination or negotiation in
Human-Robot close encounters

LINCOLN
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Behaviour

How to effectively capture and

ol Statistical
reason about joint movement of
models for

Order matters,

A Qualitative : .
Q different relative movements

Trajectory
Calculus need to be represented

like QSR for motion!




SIMPLIFIED QTCc

¢1) movement of k with respect to [ g4) movement of k with respect to k [
— : k is moving towards [ — : k is moving to the left side of k [
0 : k is stable with respect to [ 0 : k is moving along k [
+ : k is moving away from [ + : k is moving to the right side of k
g2) movement of [ with respect to k gs) movement of | with respect to [ k

as above, swapping k and [

as above, swapping k and [

. | » for 2D space

Figure 1: Example of moving points k£ and /. The respective
QTCc relation is (— + — 0).

» 3'=81 possible states

https://github.com/l CAS/gtc-toolbox

LINCOLN

» 4-tupel per state, e.g. (-, +,-0)

LINCOLN
ROBOTICS




QTCc - BY EXAMPLE

QTCc represents the relative motion of two points in a time
interval with respect to the reference line that connects them
on a 2D plane.

A

(+, 0):
(= +)e

(= =)

t-1 -=towards, +=away' -=left, +=right' t-1




QTCc - BY EXAMPLE
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QITCc STATE
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» Take the CND and create a
(hidden) Markov Model topology

lE@Rn It

» Add start and stop states

» Discretise Motion of Human and

FERES

—NTING

Robot into QTC states

» Train with Baum-Welch Algorithm
for set of specific behaviours
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HRSI N MORS

» Human model is nice, but

» ...currently our advanced Kinect-based person detector Is not
directly applicable in MORSE

» limited similarity to real-world ASUS
(resolution, synchronisation)

» we can use modified Human model (with collisions for legs
enabled) to track legs in a Bayesian Framework
(https://github.com/L CAS/bayestracking)

T. Baumgartner, D. Mitzel, B. Leibe.“Tracking People and Their Objects” in IEEE Conference on
Computer Vision and Pattern Recognition, 201 3.

LINCOLN ROBOTICS




FROM INDIVIDUALS TO

CROW

B

» so far we looked at individual humans,

» but we deal with this:

» and, for testing in simulation, these need to move realistically

IIIIIIIIIIII
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» individual
goals

» physical
» navigational
» Occupancy

» generate
trajectories

e Lo
UUUUUUUUUUUU —— M
ROBOTICS

LINCOLN

“RED FLOVY FIECESS

Fig. 2. Navigation flow-field produced by Dijkstra’s algorithm, stored in the Navigation layer
with goal the bottom-left corner. /




Al GATWICK SOUTH
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soeee  Olivier Szymanezyk, Patrick Dickinson, Tom Duckett. Towards Agent-Based Crowd Simulation in Airports Using Games Technology. In
ommamror Proceeding of Agent and Multi-Agent Systems: Technologies and Applications - 5th KES International Conference, KES-AMSTA 201 | jaUse
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MULTI-HUMAN SIMULATION
STILL CHALLENGING

» Performance! Simple human
model needed?

» Integration into Morse as
“active objects”

» Extend to changing
environments

» Extensive testing for “realism”
needed

IIIIIIIIIIII
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