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Knowledge Graph - Neurorobotics

Platform Integration
A step forwards towards integrated HBP EBRAINS

Integrating physics and neural simulation
Embodiment is the key to artificial brain research
Towards more diverse embodiment scenarios

Knowledge Graph integration
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Integrating physics and neural simulation
Architecture




The hard way

OPEN DYNAMICS ENGINE"

Esr peRAH Nengo

wm S . A = O aitter py @ a @ ©

GAZEBO

' 2 4 € @ W a pm— O R

———
2

Human Brain Project m‘ Co-funded by
s he European Union
FLAGSHIPS




The NRP way
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Installation

Use the NRP Helpful Links

L4 Get an account ® Guide Book
® Online Demo f Video tutorial
X Online Platform & Found a bug?
© Local Install #* Request new feature
© Source Install ™ Need support?
4 Live USB Image %. Contact us

What MRP is better for you? | Hardware requirements
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Infrastructure
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130 virtual machines at CSCS
Running Nest, Closed-loop engine /»

Docker
contained \
backend openstack
CLOUD SOFTWARE
11 Gh/machine storage
for Experiments and

models library

— ——*‘ / ) | ]
u —/ 1 frontend server
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Create an experiment from scratch

Experiment Overview ® nrpuser

My experiments MNew experiment Models libraries Experiment files Templates Running simulations Q

1 DOF Myorobotics Arm for WP4 Cerebellum Experiment ’ ‘

Loads the 1 DOF Myorobotics Arm into the Holodeck. Muscles can be controlled via ROS messages....

Cloned on: 2019-05-29 18:13:12

Benchmark Pioneer P3DX experiment

Benchmark aiming at developing a program that controls a Pioneer 30X robot to follow a 2m by 2m square path. The metric used to evaluate the robot is applied for 4 separate
segments of the path....

Benchmark Pioneer P3DX experiment

Benchmark aiming at developing a program that controls a Pioneer 3DX robot to follow a 2m by 2m square path. The metric used to evaluate the robot is applied for 4 separate
segments of the path....

CDP1 Mouse experiment
| CDP-1mouse experiment MVP..

S

Cloned on: 2019-06-04 10:15:56
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Embodiment: key to artificial brain research
A tool for neuroscientists and roboticists




Neuroscientist's point of view

Simulationtm: 00 66:08:50 )
= | 5] O Il @ ewme  smewesm Holodeck Husky Braitenberg experiment 4" BB & O nrpuser Mouse Braitenberg experiment in biology lab # B & @O nrpuser
Real tmsouts 68 60:13.83
Environment Rendering & 0 | TFEditor X o x Pl TF Editor % o x
Transfer Functions Editor Transfer Functions Editor
Transfer Functions describe how spikes from the neuronal simulation are to be Transter Functions describe how spikes from the neuronal simulation are to
translated into commands for a robot and how the sensor data from the robot should be translated into commands for a robot and how the sensor data from the
be translated back to spikes. Get started with our tutorial . Starting from CLE v212, robot should be translated back to spikes. Get started with our tutorlal . v
robots are added into scene under their own 'robot id' namespaces. Gazebo therefore Starting from CLE v212, robots are added into scene under their own
prepends robot id to the topic names. Please make sure your transfer functions are ‘robot i’ namespaces. Gazebo therefore prepends robot id to the topic
®@ 6 @ + Al =
(€] @ @ d + Qu
Traisfer Functions @nrp. MapRobotSubscriber (" canera”, .
Topic("husky/husky/canera’ , Transfer Functions # Imported Python Transfer
all_neurons_spike_monitor ¢ sensor_msgs.msg. Inage) ) — y Function
1o whoelnetronrate. . # nrp. Hapspikesource("red left eye*, all_neurcns_spike_monitor # © U 2+
i e bt ’ nrp.brain.sensorsislice(o, 3, 2)1, eye_sensor_transmit_right # ;gpm lett 1 N
= g i ; ) nrp_cle.tf_framework as
eye_sensor_transmit v nrp.poisson) head_twist P p_nrp.
3 @nrp.MapSpikeSource("red_right eye", nrp
nrp.brain.sensors[slice(1, 4, 2)], dfrom
Populations ? nrp.poisson) Populations i3 hbp_nrp_cle. robotsim. RobotInt
erface import Topic
Brain Visualizer X o x b oactors B
o x
Shatie Brain Visualizer X e
* Sphere
Cube Splke Constrast
Flat ——
Clodd Populations

Custom

actors |
circuit
record

Distribution

> © Overlap
Simiaton time: 90 80:05:53
= | B 0 11 @ s waws Tutorial baseball experiment - Solution #* B & O nrpuser
et 68 2340100
Fo

Environment Rendering

Test my neural network
with different e
embodiments e T TR

Robot Gamera Rendering %

Robot Gamera Rendering X
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Neuroscientist's point of view

= Terminator = [ &9 (100%) 4) 12:04 13
lot x \(w 1080p—wikipédia % = ~
& g alban@alban-GL502VSK: ~ * -
0 ! \ ) f = » e m
€ C | ® localhost w O B u @ 1283 Q = @ () -] 502VSK:~ % % @ ®
Apps B Facebook M gmail Keep @ ziks (W Fzi|Trello [ bookmark By translate B HBP B PhD Bm FZI Bm Bosch Bm News Bu Code B Else [) mendeley P fzi-snn Slack 5K: ~/Documen [Expei Rutorial_visualizer 84x27
- ~ to be Compiz Brain visualizer tutorial /* e

A 72 S ]
= STREAM VIEWER =)
~ Detected compositing window manager. ‘Simulation time: 00 09:00:05
Video stream; Reverting to full screen capture at every frame. Reatme: 00 oBi02:05
/dvs_narrow_view To disable this check run with --no-wn-check Timaout: o1 o423

- (though that is not advised, since it will probably produce faulty results). R ‘
S

Initializing. BRAIN VISUALIZER <] P

Buffer size adjusted to 4696 from 4696 frames. =

Opened PCH device defaul ‘ -

Recording on device default is set to: Shape
1 channels at 22056Hz

Capturing! Sphere

X Error: BadAccess (attempt to access private resource denied) 2%

Bad Access on XGrabKey. Cube pe——

Shortcut already assigned. Flat @

X Error: BadAccess (attempt to access private resource dented)

Bad Access on XGrabKey. Cloud =

resource denied) Wi custom’ | @

Displa

X Error: BadAccess (attempt to access private resource denied) play ‘ o

Bad Access on XGrabKey. ® Solid

Shortcut already assigned. i [—
ende

Spike Constrast

B

Populations

V2Layera

someNeuron

@ save Settings

4

e F00m

Timeout 11 13:30:36

Test spiking vision
systems
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Neuroscientist's point of view

Simulation time: 90 88:89:01

5 & I @ ceite  wwew Tigrillo SNN Learning in Closed Loop # BB & O nrpuser

Roal timeout: 88 89:12:15

| Simulation time: 88 89:80:68

5 O I @ celime  wmwmon Holodeck CDP1 Mouse experiment # BB & O nrpuser

Real timeout: 64 89:29:12

Environment Rendering Environment Rendering & 0 BrainEditor X O x

V2=

Brain Editor

Network scripts use PyNN or Nengo API for loading a network in the simulation. Browse
OUr User Manual to see how a neural network can be changed at run time.

® @ e

Populations +? 1 4 -*- coding: utf-8 -*- H

6 # pragma: no cover

& _author__ - 'Template'

9

10 from hbp_nrp_cle.brainsim import simulator as sim
11 import numpy as np

import logging

import time

import sys

15 import Population Utils as PU

16 import SNN_column

17 reload(SNN_column)

© 0158 %MD ® =k v
DONEIEBO® =

20 logger = logging.getLogger(_ name )

22 FORCE dur = 3.87 #3.3 #3.87 #2.8 #10%*x
23 delay dur = 3.87 #3.3 #3.87 #10**x

Test my neural network
with muscles or
compliant robots
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What about real time?

89 86:60:0

9 99:00:82 Husky labyrinth demo experiment in the SpaceBotCup 2013 arena /" = E o @ nrpuser
o8 801241

Il
]
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Environmen! tRendering &0

58 2 M08 = B

®© Q0

Log CSV data

3 b N @ = o ss:geilL Holodeck Husky Braitenberg experiment with CSV recorders # BB & O nrpuser

Real timeout: 6 80:13:22
P sl

1:3@ = b

Record and
replay
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Roboticist's point of view

Mahmoud | | —
[ Neuroroboticsplal x = cdp1_experiment X :
<« C | ® localhost:9000/#/esv oy B4 o H C | ® localhost:858 ebo | T BopP 1O
_ Jupyter cdpl_experiment @ Logu
File Edit View Insert Cell Kemel Help Trusted ‘F‘;.-thch_" [ ]

. | 2 B+ | G B+ + |0 B C|coe v =
First, i .

self.sim = vc.launch_experiment('ExDMa

we use CMA-ES in _ e
the NRP Virtual

self.sim.register status callback(self.on
self.wait_condition(1@, lambda x: x is not
self.sim.add transfer function(display tri

# start the experiment

Coach

to optimise

u'websocket': u'ws://localhost:8080
ocalhost',

ge': {u'websocket': u'ws://localhost:§

e'},
u'serverJobLocation': u'local'}]
#(10_w,20)-3CMA-ES (mu_w=5.9,w_1=27%) in dimensio
407, Sun Apr 29 1 3 2018)

costs : [ o STARTING SIMULATION~

start t
end

self.sim.start()

# wait until the desired simulation time 1
self.wait_condition(10ee, lambda x: x['sim
self.sim.pause()

self.sled position.append(self.sim.get_csv
self.sim.stop()

time.sleep(20)

Run the experiment

periodic open loop
actuation patterns

In [*]: cdpl experiment = cdplExperiment(runs, simulation_time
cdpl experiment.run_experiment()

3

First CMA-ES generation (video 5x accelerated) Smusion e 60 500,03

Real time: 00 Ba: 9 |Q
Timeout: :43:45

Plot the sled position for each run

To [ 1. omatnlotlih dnlins Z

Learning and running on different
simulators
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Roboticist's point of view

Semalation time: 66 80:66:01
= | 5 $ n e Rutire o e Holodeck Braitenberg Husky with iCub #* BB & O nrpuser
timeoct 66 38.13.21
=

Test my neural network on
multiple robots in the
same experiment
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Perturb the simulation

Simulation time: 8 89:99:03 |

| 5 5 I @ s 0 co:00:08 Benchmark Pioneer P3DX experiment BB & O nrpuser

Real timeout: 66 88:13:33

Simulation time: 89 8:06:05

5 9 Il @ = 0 00:60:16 Benchmark Pioneer P3DX experiment BB & 6 nrpuser

Real timeout: 69 88:13:13
A0

Environment Rendering P A=

Environment Rendering

Expand Editor

©oolrsxmipe=lh v

> o | o [l 5l 53 50 =1 i DA v

| Simulation time: 69 99:98:48

5 S N1 @ e o0 00:08:58 Holodeck Husky Braitenberg experiment # B £ O nrpuser

Real tmeout: 00 60:12.40
Fo

Environment Rendering

© Qi 58 =k
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Towards diverse embodiment scenarios
The vision




Human in the loop
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Particles simulation

| Liao L-ab%ﬂ‘a tory
heat)

Universityfof§Elorida
liaolab.com

-

Particles simulation for new
behaviour use cases

Cassie Blue Plays on Sand
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Massive brain distribution

docker

] / Frontend server

=
e ‘H

H;

Piz Daint cluster
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Run different brain types in parallel

Nengo 1’

A
nest:: > /f __w»custom

Piz Daint cluster

Te . docker "Integrated Behavioural
l Architecture"
! g y Frontend server
—_—

e :_ﬁf;:ﬁ*
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From detailed brain model to robotic sim

A% " N
e & -' i b i 3
?‘f‘%‘ﬁ ““?:\.% i‘y‘.:\'l\!:?f}ﬂ 5 " £
AN ANV Vs o
oy " A g ; {0
NN L=

Simulaton tine: 68 9:90:0

> @ reime Conn Benchmark Pioneer P3DX experiment /" B & O nrpuser
]

Rt tmeout

# 0 | objectLivrary X

Object Library

Environments created for Gazebo § and using SDF format are compatible with the
Neurorobotics platform.

B © ®rbot ®srain

() Show visualization of lights
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Knowledge Graph - NRP

Integration and application




SGA2 work plan (SSSA - fortiss)

« SGA2 prototype

* Add a category (schema) in the Knowledge Graph for our currently used brain
format (PointNeuronModel)

« Get brain model instances from KG and download them from public URL

« Run neurorobotics simulation and upload results (logs) into the KG
* link to a public location

» add schemas for every logs type

* Application on SP6 Cerebellum (Prof. Egidio D'Angelo, UPavia)

« A simplified cerebellum (30k neurons) model in Sonata format loaded in the NRP
from the Knowledge Graph

* No real neurorobotics experiment in SGAZ2, just loading
« SGA3 -> full use case with NRP experiment and closed loop with the KG

£ ‘
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Integration architecture

e

EBRAINS

Graph

Knowledge

REST API

_

_/

GET brains models

( NRP

4

N

Frontend ¢~ Storage |

POST
simulation results

\-
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Knowledge Graph - NRP Demo

Experiment Overview @ Stefano Nardo

My experiments New experiment Models libraries Experiment files Templates Running simulations Q

M import folder | Biimportzip | <$ Scan Storage

Holodeck CDP1 Mouse experiment #
CDP-1 mouse experiment MVP ¢

Timeout: 00 00:30:00 (real time)
Brain processes: ]

Server status:

+ Launch | XDelete Recordings » [BsExport  #* Clone | ElFiles «§ Share

Cloned on: 2019-07-02 13:17:11

Privacy Policy _
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The development team

Michael Zechmair

Axel von Arnim SITE ADMIN * Kepa Cantero
michael.zechmair@in.tum.de

axel.vonarnim@fortiss.org cantero@fortiss.org

Omer Yilmaz
yilmazo@in.tum.de

D @

Carl Matthes @ Luc Guyot
carl-feofan.matthes@uni-weimar.de W luc.guyot@epfl.ch

Daniel Dyrda ﬂ Mahmud, Hossain
dyrda@in.tum.de mahmud@Fortiss.org

Sandro Weber
webers@in.tum.de

Ugo Albanese
ugo.albanese@santannapisa.it

G

Daniel Zimmermann [m Manos Angelidis
dzimmer@fzi.de : angelidis@fortiss.org

Yves S. Dornbierer
yves@plexusgames.com
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