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IRNZPNZ7N ) Objectives

Our overall objective is to enable a mobile robot to exploit a long-term
understanding of space, and the activities that change it, for cognitive
control in real-world environments.

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

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

world tasks
SEVENTH FRAVEWORK IRmSCTRANDS
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Security Task 2 (T4.2), Care
3 | MS8 | 60days | 30% | 2000m> | "4 T3 6) Care Task 2 (T6.2)

This milestone will see the addition of attention and motivation mechanisms
for the robot based on variations from predictable temporal and spatial
structure in the previously built representations, detecting such variations during
patrols and autonomously examining them. In addition to this, object and
person tracking will be used to allow the system to track objects as they
are manipulated by humans and learn the categories of objects that
people regularly interact with. Navigation will be influenced by the predicted
dynamics of the environment, allowing the robot to reduce travel times by a
significant amount of time and guide humans appropriately (Care Task 2). In
Security Task 2. arrangements of furniture will be detected through a
comparison with existing spatial models, and basic activity models will
be used to predict, and then verify, the movement of people in the robot’s

environment.
%
SEVENTH FRAMEWORK Ramscrp ANDS




Betty at
Transport Systems Catapult,
Milton Keynes, UK

-
..
. Vo

Henry at
Haus der Barmherzigkelt,
Vienna, Austria

SEVENTH FRAMEWORK
PROGRAMME




HENRY AT THE CARE HOME

Bel | bOt interaction with

vIsitors

| occupational
Walking Group - El”apy

learn from
experience

gnry rosms e houss autonomotE) s




FEOrLE | OVE ROBCHES




TRPNNS ) People are helpful to robots W [ onim Nav]

Topological




|

MongoDB
Topological

SEVENTH FRAMEWORK
PROGRAMME

I
1
|
I
I
|
|
I
I
|

uaydiy uiep ‘g

|
D
!
!
!
!
|
|
!
|
|

le4 ‘sa21A19s "ddng 7

" I--4 | F---- {+#++ {1eaN ‘sadin1as ddns g

i |- - ! +  110pI1I0D 13|I0] °G

i | - - = ++ 4 S32IAI9S "di0) 't

! - - - | Uy |[eWS €

i - - - - {ealy "qe||od ‘7

Temperatures from 00:00 29/06 to 00:00 30/06

uondaiay ‘1

|

ol
<
™N

(D) a1mesadwsa ]

RPN Temperature Measurement
25.5 -
25.0F
.
24.0 |
23.5 L

13



Or0

SOMa

Meta-Rooms

Person Detect
Object Rec.

1 4 SEVENTH FRAMEWORK
PROGRAMME




RN ) Autonomous Object Learning

3D Model Question

ic suggestions from
i more labels.

Please provide label(s) for the object you see. Below is :
the robot. Click the labels to add them to the list. Use t
Press the submit button in the end.

If the 3D model and images do not make any sense to you, just press the "It's junk!” button.
Suggested labels

Pencil_sharpener Desk Eraser Notebook Hole_punch Paper_size Ring_binder
Post-it_note Carbon_paper Liquid_Paper Filing_cabinet Pencil Staple_(fastener

azy _Susan Paper clip

Labels

Medkit oo

15
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Security

T[Tl 31/5/16 to 7 31/7/16

21/3/16 t0 27/5/16

5/5/15 10 17/6/15

Weekdays, 6.00 to
17.45

Working Hours

Weekdays days 7.0Q4€

Distance

Most days 8.00 to 21.00

Tasks

23.41km

Available Work

865

»29 hours, 13 minutes

252 hours, 54 minutes

Time |
Autonomous '
Time |

209 hours, 13 minutes

135 hours, 20 minutes

no developers/
o - engineers on-
’ site

39.53%

m Lifetime (TSL)

25 days, 11:29 hours
(includes 8 days off)

53.51%

15 days, 5:33 hrs
(includes 5 days off)

2nd best

15 days, 9:30 hours
(includes 4 days off)

Cumulative

55 days, 9:57 hours
(includes 16 days off)

29 days, 5:53 hrs
(includes 10 days off)
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of learning.
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enable partners (internal and external) to
use your science / implementation

..a paper with
a proof-of- "
concept robot. This prompts
another lab to
try to bu11d on
this result.

..but they can't
get any details
on the software

minimise you support tasks by making 3ed to make’ it
installation and use easy
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deploy well-tested and up-to-date systems



deployment &
versioning

enable partners (internal and external)
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to use your science / implementation

Requirements

minimise you support tasks by making and
installation and use easy Specifications
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>30 developers

>150 ROS
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Life-Long Object Learning
Activity Recording

Spatio-Temporal Exploration

23

Information Terminal
Bellbot
alking Group

Core System

Surface Checking

Person Checking

Temperature Measurements

Guest Greeting

>50 ROS
packages

Security
System

STRANDS
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Service invocation

WHAT ISROS? &

—" ]
Publication Topic |Subscﬁpﬁon

forming a graph of peer-to-peer communicating
components

ROS iIs a middleware

® A component-oriented robotics framework, synchronous RPC-

@ An Inter Process Communication middleware, stylecommunication over

o A development suite, services

o] A (bad) package management system, asynchronous streaming of

ol An (active) community. data over topics
storage of data on a
Parameter Server.

build system (catkin) for C++

and Python based on CMake

actually not that bad ROS.org

&

anymore... but now quite
Soniag useful A

LINCOLN

/'/
¢S
/,.2_,_;'




ROS lacks persistency,

M DB [ RLi ]
MongoDB employed as [ Mongo AL
generic persistency layer [ Feven ][ soma ][ View Plan. |
Routine [ Exploration ]
|
- ||Repositories with Task Executor [ Scheduler ]

ROS packages

Optimal Nav

Monitoring

| ocalisation

& Navigation Topological

Continuous

Trajectories [ Meta-Rooms ]

Perception

[ Object Rec. ]

Person Detect

Object Disc.
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Increasina spatial. temporal. and semantic abstraction
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THE 10 COMMANDMENTS

b O UCCESSFUL INTEGRATION IN S TRAT =




e | O COMMANDMENTS

Code has to be packaged up as The sole officially

a package I te;t (rostest) supported OS is Ubuntu
(contain a package xml) should be implemented 14.04 64bit

A maintainer has to be named

(package xml) Code must only use other l If it uses ROS, it has to use ROS
“released’’ code Indigo

(Debian/Ubuntu binaries)

Packages need to declare all their If it uses ROS, it needs to use

dependencies using rosdep keys catkin as a builld scheme
(in package xml)

Only code that has passed
continuous integration tests is
allowed to be merged
(enforced through github)

Code needs to be hosted on github.com
(normally in strands-project organisation)



http://github.com

e |0 COMMANDMER IS

Code has to be packaged up
as a package
(contain a package.xml)

A maintainer has to be named
(package.xml)

Packages need to declare all
their dependencies using
rosdep keys
(In package.xml)




AL 1S A ROS PACKATTES

<?xml version="1.0"?>

 <package>

<name>topological navigation</name>
<version>1.0.1</version>

<description>The topological navigation package</descriptior

contains a package.xml

definrtion

d@Clar’e Who’s <maintainer email=“jpulidofentanes@lincoln.ac.uk">
Jaime Pulido Fentanes

reSpOﬂS|b|e' </maintainer>

<author>Jaime Pulido Fentanes</author>

Think about license | <license>MIT</license>

<buildtool depend>catkin</buildtool depend>
<build depend>rospy</build depend>

mOS'tly |n ROS, they <build depend>message generation</build depend>

<!-- many more.. -->

use catkin to build | run depend>rospy</run depends

<run_depend>move base</run_ depend>
’ <!-- many more.. -->

<test depend>rosunit</test depend>

All dependencies
<test depend>rostest</test depend>
need to be declared | </~ many nore.. -—>

</package>




e |0 COMMANDMERTISS

The sole officially supported
OS 1s Ubuntu 14.04 64brt

f it uses ROS, it has to use
ROS Indigo

If it uses ROS, 1t needs to use

catkin as a build scheme




e |0 COMMANDMERTISS

Code needs to be hosted on
oithub.com (normally in Unit test (rostest) should be
strands-project organisation) implemented

Only code that has passed

. | . . Code must only use other
continuous Integration tests IS

“released’’ code

allowed to be merged , ==
(enforced through gifhub) (Debian/Ubuntu binaries)



http://github.com

Unit test (rostest) should be

implemented

TESIT, IESL, TEST.

request |

Only code that has passed {

continuous Integration tests Is
<@— (I testing

allowed to be merged
(enforced through github) o ‘

Manager |




O] AS EASY AS
0 SEEM

::: ROS
» Build on top of

off-the-shelf ROS
components

» long-term
autonomy

requires robust
software

LINCOLN


http://github.com/strands-project

RN [ INUOUS IN T EGRATICESS

Cl was intended to be used in combination with automated unit
tests written through the practices of test-driven development.

Continuous integration involves integrating early and often, so as to
avold the pitfalls of "integration hell".

A complementary practice to Cl is

o that before submitting work, each
GItH“b programmer must do a complete

build and run (and pass) all unit
tests. Integration tests are usually

. '
J enklns run automatically on a Cl server

when 1t detects a new commit.




THE STRANDS SOFTWARE
WORKFLOW

branch/fork modif
ithub | Y —9»  branch/

repository s -

'

open
github pull
request

'

INSPECL | e CI testing

error

Manager
merges
code

commit to




SIMIULA T ION-BASED ROBCEE
Eeniiin o

Simulation-based unit testing

STRANDS github/jenkins/morse integration



https://lcas.lincoln.ac.uk/jenkins/

EOBOT TESTING IS AL
FoOU |l REALLTTE




O ONLY FOR STABIL TS

» oithub pull request and testing can also be used for automated
benchmarking of systems/components

» |Ive:

» https://github.com/marc-hanheide/fremen activity benchmark

» adopt “proper’ software development procedures for larger-scale
collaborative projects



https://github.com/marc-hanheide/fremen_activity_benchmark

RONONL G Reality and mature components still quite
far from being perfect
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Monitored

Topological
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B request help (bumper) request help (nav) backtrack B retry




Security 2015 Monitored Navigation Recoveries
600

450 B Successful
B Unsuccessful

300

150

Request help (bumper) Request help (navigation) Backtrack Sleep and retry
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J. Pulido Fentanes, B. Lacerda, T. Krajnik, N. Hawes, and M. Hanheide.
Now or later? predicting and maximising success of navigation actions

from long-term experience. In ICRA, 2015.
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POl OGICAL ELCS
EURATION PREDIC TS
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0.1

cost = 54 O 9

action goto W2 from W17

B. Lacerda, D. Parker, and N. Hawes. Optimal and Dynamic Planning for Markov
Decision Processes with Co-Safe LTL Specifications. In: IROS 2014.
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S IALLATION HENS

You need boost 1.35 to compile peekabot plus some additional libraries. Under Ubuntu 8.10 you would need to do
QUICK UPDATE DURING SESSION. DO NOT USE BZR! GET PEEKABOT FROM HERE: http//www.cs.bham.ac.uk/~nah/irlab/peekabot-0.6.0.tar.gz 7

sudo apt-get install libboostl.35-dev libfltkl.l-dev libpngl2-dev libxerces-c2-dev bzr libfreetypeb-dev libglut3-dev libtool automake autoconf

bzr branch lp:peekabot
cd peekabot

autoreconf -i

./configure --prefix=/usr/local
make

sudo make install

sudo apt-get install automake autoconf libtool

svn co https://codex.cs.bham.ac.uk/svn/nah/cosy/development/kth/cosycure
cd cosycure

./configure --prefix=/usr/local

nake ) Before compiling player please install the Ital development files (stage needs player to be complled with it)
sudo make install

Also make sure that you have the file /etc/X11/rgb.tat. Get a copy of it under subarchitectures/nav.sa/configirgb.txt and copy it into /fetc/X11

Building and instaling player follows the standard automake routine

autoreconf --install .
./configure --prefix=/usr/local : tar -zxvf player-2.1.1.tar.gz

make . cd player-2.1.1
sudo make install :

. .fconfigure =-prefix=/usr/local
‘ pake
* sudo make install




NS TALLATION HEE=

You need boost 1.35 to compile peekabot plus some additional libraries. Under Ubuntu 8.10 you would need to do
QUICK UBR4

KABOT FROM HERE: http//Awww.cs.bham.ac.uk/~nah/irlab/peekabot-0.6.0.tar.gz ¢

DependenC|eS are a bpngl2-dev libxerces-c2-dev bzr libfreetypeb-dev libglut3-dev libtool automake autoconf

FAESS Shall each member In

______ A the project spend days
to get a working system!?

E sudo apt-get install automake autoconf libtool

E svn co https://codex.cs.bham.ac.uk/svn/nah/cosy/development/kth/cosycure
' cd cosycure

+ ./configure --prefix=/usr/local
'+ make

| Why can you Install an Ubuntu
SNt (& g 5\/stem in 30 minutes (> 1000

Also make sure that you

i  DacCkages) but not a simple

Before compiling player pl

\ autoreconf --install W ?
+ ./configure --prefix=/usr/local s S N t) -t -t

| make T Tareta FODOL SYsLem
'+ sudo make install .Joonfigure —prefid

e e e e e e e o e e e e e e e e e e e e e e e nake
sudo nmake install




Dependencies are a

, RIS SS

FREMEN

frongoweb!

> fremen2dgrid: Tom Krajnik
fremenarray. Tom Krajnik
frenap: Tom Krajnik
fremengrid: Tom Krajnik
frectomap: Tom Krajnik

STRANDS_MOVEBASE

A > param_loader: Bruno Lacerda
& movebase_state_service: nbore
. STRANDS_NAVIGATION strands_navin: Bruno Lacerda
- message_store_map_switcher: Nick Hawes calibrate_chest: Nils Bore
strands_navigation: Bruno Lacerda v strands_movebase: nbore
joy_map_saver: Jaime Pulido Fentanes 5. Srands_description: Nils Bore
joy_map_saver: Christian Dondrup
strands_navigation_msgs: Bruno Lacerda
> monitored_navigation: Bruno Lacerda -
> topological_utils: Jaime Pulido Fentanes
nav_goals_generator: Lars Kunze
- pose_initialiser: Jaime Pulido Fentanes
topological_logging_manager: cdondrup
- topological_navigation: Jaime Pulido Fentanes

emergency_behaviours: Jaime Pulido Fentanes

> door_pass: gestom

door_pass: Bruno Lacerda O
door_pass: Nick Hawes '
reconfigure_inflation: Nils Bore

mmmmmmmmmmmmm




[ MongoDB ][ QSRLib ]

[ FreMEn ][ SOMa ][ View Plan. ]

)

C These steps are for a system administrator who wants to install STRANDS' release packages:

1. Enable the ROS repositories: Accomplish all the steps under 1. Installation
http://wiki.ros.org/indigo/Installation/Ubuntu#Installation.

2. Enable the STRANDS repositories:

i. Add the STRANDS public key to verify packages:

—

é; curl -s http://lcas.lincoln.ac.uk/repos/public.key | sudo apt-key add -
ii. Add the STRANDS repository:
sudo apt-add-repository http://\lcas.lincoln.ac.uk/repos/release
3. update your index:
sudo apt-get update

=

4. install any packages you want using sudo apt-get install <pkg-name>

wTPerson Detect JW

[ Object Disc. ]

SEVENTH FRAMEWORK
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*ROS has a build farm (build on top of
Debian deployment principles)

*STRANDS has implemented their own
re-using OSRF's implementation
*cverybody can submit their packages to

ROS: https://github.com/ros/rosdistro/
blob/master/CONTRIBUTING.md

*you get binary Ubuntu packages

https://github.com/strands-project/buildfarm

SO ERFSTRANDS



https://github.com/strands-project/buildfarm
https://github.com/ros/rosdistro/blob/master/CONTRIBUTING.md

REC OMMENDATICOS

Write your own Get people to commit to
commandments (or adopt ONE OS/ROS/HW
some of mine)! combination

Adopt established software Make use of the deployment

engineering principles (pull toolchain (your own or OSRF
requests, code reviews, Cl) ROS toolchain)

Always question researchers
Use Python were possible software engineering decisions

)




REC OMMENDATICOS

COmman\é\/”:I;éO(t;rrc;\gg Al o Get people to commit to ONE Alwiésﬁajae:et'zgsi;ZZi?r:CherS
' 2 OS/ROS/HW combination - €Ng g
of mine)! decisions ;-)

Adopt established software Make use of the deployment
engineering principles (pull toolchain (your own or OSRF Use Python were possible
requests, code reviews, Cl)

Robots on
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Write your own
~commandments (or adopt some
| of mine)!

o Always questions researchers’
software engineering

decisions ;-)
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Get people to commit to ON
OS/ROS/HW combination
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Make use of the deployment

toolchain (your own or OSRF
ROS toolchain)
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