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Outline

Motivation

Architecture of the IUT Hybrid Online Lab GOLDI

— Server side infrastructure
— Client side infrastructure
— GIFT — Graphical Interactive Finite State Machine Toolset

GOLDI experiment configuration
GOLDiI labs cloud

GOLDI booking system
Conclusions / Future work
Questions
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www.goldi-labs.net

¥ GOLDi - Welcome
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The Grid of Online Laboratory Devices lImenau (GOLDi) welcomes
How to use ECP you L

Lab Presentation Here you can design and test your own control algorithms to control virtual and real physical systems such as an elevator, a warehouse and the like.Control algorithms can
be implemented in the form of Boolean equations based on finite state machines or in real hardware (FPGA. CPLD) or software (e.g. Assembler. C) running on a
Visitor Mode microcontroller in the remote lab.

GOLDi team

Copyright by TU limenau, ICS Privacy ~ About Us
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GOLDI - Designflow

Task Description

remote control,
maintenance and
configuration

Specification

finite state machines
hardware description languages (VHDL)
programming languages (ASM, C, C++)

Synthesis

interface synthesis
software compilation
hardware synthesis

Configuration

FPGA configuration

Microcontroller programming
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GOLDI - Designflow

Task Description

remote control,
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GOLDI - Designflow

Task Description

remote control,
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GOLDI - Designflow

Task Description

remote control,
maintenance and
configuration

Specification

finite state machines
hardware description languages (VHDL)
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GOLDI - Designflow
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Task Description

remote control,
maintenance and
configuration

Specification

finite state machines
hardware description languages (VHDL)
programming languages (ASM, C, C++)

Synthesis

interface synthesis
software compilation
hardware synthesis

Configuration

FPGA configuration
Microcontroller programming
PLC design upload

Physical Systems
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In the remote lab
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Outline

e Architecture of the IUT Hybrid Online Lab GOLDiI
— Server side infrastructure
— Client side infrastructure
— GIFT — Graphical Interactive Finite State Machine Toolset
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— Remote Lab Infrastructure

GOLDi IT-Hardware
Server

Lab Server Services

LSS

Learning Management System

LMS

Bus Proctection Unit

BPU

Bus Proctection Unit Bus Proctection Unit

CAN,PWR

USB.

CAN,PWR

Physical System Protection Unit

PSPU

GML22016, Berlin, Deutschland
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— Remote Lab Infrastructure
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— Remote Lab Infrastructure
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GOLDI — Remote Lab Infrastructure
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ECP —the Experiment Control Panel

Realized as HTML5, JavaScript, Web socket application

Wl GOLDi - Germany (IUT) % J [ 3AxisPortal x { ['] GifT - Graphisches interal X

e -

Control Unit Example 10 description Actuators Sensors ~*~ @ ©O

Outputs y Machines

y00 = a0z2&la0z1&a0z0

Light () Flow control | O N I 1 Breakpoints 4 ®  Choose initialization  Error log

@00 GML22016, Berlin, Deutschland K. Henke — TU llmenau

C' | [ www.goldi-labs.net//index.php?Function=ECP&Mode=b&BPUType=FSMInterpreter&PSPUType=3AxisPortal&Location=IUT#8a i¢| =

y01= | la0z2&a0z1&la0z0#!a0z

y03 = 1a0z2&1a0z1&a0z0#la0z

y02 = a0z2&la0z1&la0z0
y04 = 0
y05 = 0
y06 = 0

@
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ECP —the Experiment Control Panel

« Realized as HTML5, JavaScript, Web socket application

* By using the ECP, the student is able to

— upload the synthesized/compiled designs in the lab room,

GML22016, Berlin, Deutschland K. Henke — TU limenau
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ECP —the Experiment Control Panel

% | ¥ 3AdisPortal

& @ | goldi-labs.net/index.php?Function=ECP&Mode=c&BPUType=Microcontroller&PSPUTy

Uploading file to control unit...

Flashing control unit...
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ECP —the Experiment Control Panel

« Realized as HTML5, JavaScript, Web socket application

* By using the ECP, the student is able to

upload the synthesized/compiled designs in the lab room,
handle the experiment (e.qg., start, stop, reset),

use the interactive debugging features (break on sensor/actuator
changes or special conditions),

single step processing, by pausing the execution on every
sensor/actor change,

change environmental variables if necessary and

watch the experiment by manipulating variables inside an 1/O
monitor

GML22016, Berlin, Deutschland K. Henke — TU limenau
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ECP —the Experiment Control Panel

¥ GOLDi
1 «

- Germany (IUT) % J [1 3AxisPortal x % [ GiFT - Graphisches inters! %

C' | [ www.goldi-labs.net//index.php?Function=ECP&Mode=b&BPUType=FSMInterpreter&PSPUType=3AxisPortal&Location=1UT#%s 3¢

o =
& Control Unit @ Example 10 description Actuators Sensors g Q o Logout

1 | 0 Machines =

x00 : X-Axis: Crane position right

a0z2&1a0z1&a0z0
x01 : X-Axis: Crane position left

x02 : X-Axis: Crane at reference position
la0z2&a0z1&la0z0#la

x03 : Y-Axis: Crane position back

x04 : Y-Axis: Crane postition front
: 2o a0z2&la0z1&1a0z0
x05 : Y-Axis: Crane at reference position

x06 : Z-Axis: Crane at position up
1 I H
x07 : Z-Axis: Crane at position down ladz28ian15a02(:a

x08 : Proximity sensor

x09 : User button 0
y05 = 0
y06 = 0

() Flow control 2 i Choose initialization Error log

GML22016, Berlin, Deutschland K. Henke — TU llmenau 20
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ECP —the Experiment Control Panel

« Realized as HTML5, JavaScript, Web socket application

* By using the ECP, the student is able to

upload the synthesized/compiled designs in the lab room,
handle the experiment (e.qg., start, stop, reset),

use the interactive debugging features (break on sensor/actuator
changes or special conditions),

single step processing, by pausing the execution on every
sensor/actor change,

change environmental variables if necessary and
manipulate variables inside an I/O monitor or
observe the control of the physical system directly via a webcam.

GML22016, Berlin, Deutschland K. Henke — TU limenau 21
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ECP —the Experiment Control Panel

« Realized as HTML5, JavaScript, Web socket application

* By using the ECP, the student is able to

upload the synthesized/compiled designs in the lab room,
handle the experiment (e.qg., start, stop, reset),

use the interactive debugging features (break on sensor/actuator
changes or special conditions),

single step processing, by pausing the execution on every
sensor/actor change,

change environmental variables if necessary and

manipulate variables inside an 1/O monitor or

observe the control of the physical system directly via a webcam
choose an individual initial situation for the experiment.

GML22016, Berlin, Deutschland K. Henke — TU limenau 22
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ECP — the Experiment Control Panel

¥ 3AxisPortal

4+ A M 8 %8 4 0

10 description Actuators ensors ! (2] () Logout

Light ¥  Flow control Breakpoints 4+ @  Choose initialization  Error log
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Outline

* Motivation
Architecture of the IUT Hybrid Online Lab GOLDiI

— Server side infrastructure
— Client side infrastructure
— GIFT — Graphical Interactive Finite State Machine Toolset

GOLDI experiment configuration
GOLDit labs cloud
GOLDI booking system
Conclusions / Future work '
Questions
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Experiment Configuration

(1) Authentication mechanisms:

a) login via the university LDAP user account,

First name
Last name
Password Password
Repeat password Repeat password
E-mail address E-mail address

Register

@00 GML22016, Berlin, Deutschland K. Henke — TU llmenau 25
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Experiment Configuration

(1) Authentication mechanisms:

b) login after an individual registration,

First name

Last name

Password

Repeat password

E-mail address

@00 GML22016, Berlin, Deutschland

K. Henke — TU llmenau
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Experiment Configuration

(1) Authentication mechanisms:

c) login via the eduroam login mechanism (coming soon)

GML22016, Berlin, Deutschland K. Henke — TU limenau
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Experiment Configuration

(2) Each experiment consist of two components:

e control units

 electromechanical physical systems, which can be used
— as real physical system

3-Axis-Portal

— as virtual model

3-Axis-Portal

Virtual

|

GML22016, Berlin, Deutschland

Control Unit

Jigital Demo Bo.

Physical System

K. Henke — TU Iimenau
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Experiment Configuration

a) FSM based experiment configuration
 Finite State Machines (FSM) as specification

* in case of a virtual model
— no Internet is necessary
— especially for face-to-face lectures in classrooms
— each student can work with the same physical system simultaneously

Control Unit

GML22016, Berlin, Deutschland K. Henke — TU limenau 29
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Experiment Configuration

b) Microcontroller based experiment configuration
- for a software-oriented implementation
* by using common development tools (e.g. Atmel Studio)

« after compilation the hex code will be transferred into the
remote lab

) programmlng In Control Unit
the backg rOund Digital Demo Bo...

GML22016, Berlin, Deutschland K. Henke — TU limenau 30
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Experiment Configuration

c) PLD based experiment configuration

 for a hardware-oriented design using a FPGA

hardware description languages (e.g. VHDL) as specification
by using common development tools (e.g. Quartus)
generated bit file is uploaded to the remote lab

programming in
the background

GML22016, Berlin, Deutschland K. Henke — TU limenau 31
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Experiment Configuration

d) Watching an experiment as guest
10 observe running experiments

« without direct manipulation

€ - C | [1 www.goldi-labs.net//index.php?Site=7 By =
T

Home Control Unit Physical System Start Experiment User Management Documentation Admin IUT Admin ZNTU

Karsten Henke Logout

How to use ECP VlSitOI’ mode .

Welcome

These are the currently running experiments of our laboratory. You can observe them at any time by clicking the corresponding info box.

Lab Presentation
Currently running experiments - 2

Visitor Mode

GOLDi team

3-Axis-Portal (Real)
Finite State Machine (Virtual)

Start time 11M11/15 14:15:40
End time

Remaining time

Number of Errors

Experiment ID

Location

Elevator C (4 floors) (Real)

Microcontroller (Real)

Start time 11M1/15 14:22:10
End time 11M1/15 19:
Remaining time 4:
Number of Errors

Experiment ID

Location

GML22016, Berlin, Deutschland K. Henke — TU llmenau
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Outline

* Motivation
Architecture of the IUT Hybrid Online Lab GOLDiI

— Server side infrastructure
— Client side infrastructure
— GIFT — Graphical Interactive Finite State Machine Toolset

GOLDI experiment configuration
GOLDi labs cloud

GOLDI booking system
Conclusions / Future work
Questions

Learning Management System
LMS

@00 GML22016, Berlin, Deutschland K. Henke — TU llmenau 33
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Labs Cloud

« GOLDiI infrastructure is used within two running TEMPUS
projects (ICo-op and DesIRE)

« 10 GOLDI labs are running at universities in AM, GE and UA

huge problems in maintenance:

— any new functionality or new firmware must be implemented manually
on each partner website,

— each institution has specific modifications according their own
requirements,

— each university has different network architectures,

— each university has different remote lab configurations,

— to have access to an experiment of the partner labs, a separate user
account on the corresponding partner website is necessary.

Each GOLDI partner has to handle the maintenance itself!

GML22016, Berlin, Deutschland K. Henke — TU limenau 34
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Labs Cloud

* necessary to reenginee

« GOLDI cloud system

— available GOLDI cloud
servers are registered
in the GOLD:i cloud

— “ready to use” servers
are highlighted on the
central GOLDi website
www.goldi-labs.net

GML22016, Berlin, Deutschland

LDi - Experiment locations refox

r the existing GOLDI network

£

Experiment locations
: ikt Kiick on a colored location to start an exg

K. Henke — TU llmenau 35
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Labs Cloud

« Maintenance of the whole system on
one central location: goldi-labs.net,

 All partner universities have the same
GOLDiI version,

* New functionalities are immediately
available for all partners,

» Usage of all partner labs with one
central goldi-labs.net user account,

* The user can determine which lab has
the lowest delay (best reaction time)
regarding his current geographic
position and internet connection,

» Overview about all running experiments
in all partner labs worldwide with the
possibility to observe these
experiments

GML22016, Berlin, Deutschland

GOLDi Lab

r 3

GOLDi Lab
Thilisi, Georgia

Locally installed
GOLDi Server

Locally installed
GOLDi Infrastructure

@

GOLDi Lab
Yerevan, Armenia

Locally installed

GOLDi Server

GOLDi Infrastructure

Locally installed

www.GOLDi-Labs.net

GOLDi Lab
Zaporizhia, Ukraine

Locally installed

GOLDi Server

Locally installed

GOLDi Infrastructure

GOLDi Lab
llmenau, Germany

Locally installed

GOLDi Server

Locally installed

GOLDi Infrastructure

K. Henke — TU llmenau
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Labs Cloud

Each GOLDiI client communicates with
the GOLDI cloud for the

— central user management

GOLDi Lab

r 3

GOLDi Lab
Thilisi, Georgia

Locally installed
GOLDi Server

Locally installed
GOLDi Infrastructure

@

— experiment management and the
— booking management

All privacy-relevant data of the cloud are
located in the computing department of
the limenau University of Technology

Each client application exchanges only
the sensor/actuator signals directly with
the local GOLDI infrastructure

GOLDi Lab
Yerevan, Armenia

Locally installed

GOLDi Server

Locally installed
GOLDi Infrastructure

www.GOLDi-Labs.net

GOLDi Lab
Zaporizhia, Ukraine

Locally installed

GOLDi Server

Locally installed
GOLDi Infrastructure

GOLDi Lab
llmenau, Germany

Locally installed

GOLDi Server

Locally installed
GOLDi Infrastructure

GML22016, Berlin, Deutschland

K. Henke — TU llmenau
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Outline

* Motivation
Architecture of the IUT Hybrid Online Lab GOLDiI

— Server side infrastructure
— Client side infrastructure
— GIFT — Graphical Interactive Finite State Machine Toolset

GOLDI experiment configuration
GOLDiI labs cloud

GOLDi booking system
Conclusions / Future work
Questions

Learning Management System
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GOLDiI Booking System

« Complex grid structure
— various control units

— electromechanical physical systems
o as real hardware model
o as simulated virtual model

« Max. different experiments = control units x phys. systems

GML22016, Berlin, Deutschland K. Henke — TU Iimenau 39
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GOLDiI Booking System

(1) Direct start mechanism:
— user can start just in time
— time limit: 30 minutes

— will be increased, if no other user will use the used hardware
(control unit or physical system)

time 8 9 10 11 12 13 14 15

I1?3}:]4}5I153|I34|5I153&-‘5|1|53|I]4|5|1|53ﬂ-i:5|1|53CI4|5|1F3|I]4|5|

Microcontroller ph}'E lcal S:fﬁtem

—
—
—
e
e

device 1|

device 2| I
control unit

' device 1]
device 2

unit in use

@00 GML22016, Berlin, Deutschland K. Henke — TU llmenau 40
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GOLDiI Booking System

(2) Queue-based start mechanism:
— after combining the experiment
— the user will be appended to a gueueing system
— changes the user priorities dynamically regarding the load of the lab
— to get the highest possible load

N
User5 User4 User3 User?2 User 1

lowest highest
priority priority

GML22016, Berlin, Deutschland K. Henke — TU Iimenau 41
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GOLDiI Booking System

queue 1
control
unit

Microcontroller

2

gqueue 2
physical
system

3-Axis-Portal

x

(

User 5 User 4

(

@00 GML22016, Berlin, Deutschland
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GOLDiI Booking System

queue 1
control
unit

Microcontroller

2

gqueue 2
physical
system

3-Axis-Portal

x

(

User 5 User 4

(
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GOLDiI Booking System

queue 1
control
unit

Microcontroller

2

gqueue 2
physical
system

3-Axis-Portal

x

(

User 5 User 4

(
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GOLDiI Booking System

queue 1
control
unit

Microcontroller

2

gqueue 2
physical
system

3-Axis-Portal

x

(

User 5

User 4

User 1 User 2 )

\ J

' %

( )
L X X J

. J/
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GOLDiI Booking System

queue 1
control
unit

Microcontroller

2

gqueue 2
physical
system

3-Axis-Portal

x
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GOLDiI Booking System

queue 1
control
unit

Microcontroller

2

gqueue 2
physical
system

3-Axis-Portal

x

(

User 5 User 4

(
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GOLDiI Booking System

queue 1
control
unit

Microcontroller

2

gqueue 2
physical
system

3-Axis-Portal

x

(

User 5 User 4

User 3

User 2 User 1

\_
|
4 N\
User 3 User 1 ‘\
coe physical
system
available
\_ J
K. Henke — TU limenau 48
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GOLDiI Booking System

queue 1
control
unit

Microcontroller

2

gqueue 2
physical
system

3-Axis-Portal

x

(

User 5 User 4

(
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GOLDiI Booking System

queue l (
control
unit

User5 User4 User3 User?2 )

Microcontroller

Fu

l! ( X X J
|
| start
experiment
queue 2 (
physical User 1
system
i’ eoo
T
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GOLDiI Booking System

(3) Pre-reserved start mechanism:
— user can reserve an experiment in advance
— selected hardware will be blocked during reserved time

— e.g. for an exclusive reservation for teachers for a group of
students to work together on a pre-defined experiment

Microcontroller Ume B g *1 U 1 1 1 2 13 14 15

I 15 JII:I 45 I 1% 30 45 I 15 30 4|5 I 15 E-IEI dIEu I 1|5 ki) 4|5 I 1|5 a0 4|5 I 1|5 J-IEI 45 I

I | I | I | | | I | | I | | I | | I | 1 I

unit 1

-

unit 2 | |
unit 3 | | |
I | .
2 available 0 available 1 available 3 available
legend:  [ICSGNGNONNN [reseivation2] | reservation 3 | | reservation 4 |
[ Rea | e.g.: 3 units are available for the reserved physical system ,,3-axis portal”

@00 GML22016, Berlin, Deutschland K. Henke — TU llmenau 51
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Outline

* Motivation
Architecture of the IUT Hybrid Online Lab GOLDiI

— Server side infrastructure
— Client side infrastructure
— GIFT — Graphical Interactive Finite State Machine Toolset

GOLDI experiment configuration
GOLDiI labs cloud

GOLDI booking system
Conclusions / Future work
Questions

Learning Management System
LMS
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Future Work — FMS (Fernsteuerbarer & Modularer Systemroboter)

Previous work: AMT (Autonomer Miniatur Transporter)

« Built an AMT that is able to follow a black line on a white board with a
defined, but programmable route:
— During the movements the number of left and right turns has to be counted
— All parts should be designed and produced in the laboratories of the University

Start: Haus N in Pfeilrichtung

Ziel: Humboldt-Kreuzung
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Future Work — FMS (Fernsteuerbarer & Modularer Systemroboter)

Very good experiences
* increased study motivation, support for one's own initiative
 better results in exam / written tests im most courses (in average)

 Increased study skills, increased competences in the fields of
systematical analysis, analytic thinking, managing complexity...

o f . . \ ‘ E:

final presentation of project works, 2014

But: how to use this concept for a large number of students?

Source of pictures: IUT llmenau / BASIC
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Future Work — FMS (Fernsteuerbarer & Modularer Systemroboter)

Idea: Integration of the FMS (AMT compatible) into the GOLDi remote lab

Control Unit

Digital Demo Bo Finite Stale Mac

(|

Physical System

3-Axis-Porial Digital Demo Bo

Manual Control

<

Start expenment

GML22016, Berlin, Deutschland

K. Henke — TU llmenau

95



@00

Integrated Communication Systems Group

@

Future Work — FMS (Fernsteuerbarer & Modularer Systemroboter)

Idea: Integration of the FMS (AMT compatible) into the GOLDi remote lab

Control Unit

Digital Demo Bo

Finite State Mac

Microcontrolier

<

Elevator A (3 flo

-
=

=l

Start expenment

&
i
il
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Now it’s your turn ...

Dr.-Ing. Karsten Henke, Dieter Wuttke
Integrated Communication Systems Group
limenau University of Technology

Tel: +49 (0)3677 69 2829
Fax: +49 (0)3677 69 4823
E-mail: karsten.henke@tu-ilmenau.de

dieter.wuttke@tu-ilmenau.de

Website: WWW.goldi-labs.net

GML22016, Berlin, Deutschland
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