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City of Brasov — Best city to live in Romania
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The GENIUS Campus

» The R&D Institute: High-Tech products for Sustainable Development: PRO-DD
= A new structure for advanced research on Sustainable Energy:
» The Green, ENergy Independent University CampuS GENIUS

Phase 2 Fleser? Phase 3

Education Area Students Facilities Business Center
(Regional Funds) (Governmental & (Structural Funds)
Regional Funds Clusters research
providers + research

direct and indirect

beneficiaries
Technology Transfer

1. Research

2. Education

ws 3. Technology
7 Transfer
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Phase 1

RTD Institute
(Structural Funds)

Phase 1

The Solar Park —
(RTD Projects) = F—
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Research & Development Institute ICDT — ProDD

Renewable Energy High Tech Products
Systems and Recycling, D01 for Automotives, D02
Advanced Electrical Systems for Process
Systems, DO7 Control, DO9
Electronic Systems for
Precision Mechanics Renewable Data Processing
and Mecatronic Systems, D04 SEnirgv and Transmission, D13
stems
y Advanced Welding Eco-
Advanced Manufacturing Energy Technologies, D12
Technologies and Systems, D05 L Energy :
Efficiency Saving Advanced Technologies and
Materials — Ceramics, Metals
Yirtual Industrial Informatics Sustainable ahd MMC Composites, D08
Technologies and Robotics, D10 Development Innovative Technologies
Mathematic Modelling Education, and:d\;aniednh;\ffod
and Software Products, D15 Culture, Natural weleg,
icati urniture Eco-Design,
Communication, Resources Furniture Eco-Desi
Cultural Innovation, Economic Conservation Restoration and Certification
Communication and Development and Use in Wood Industry, D11
Social Development, D18 -
Health and Sustainable Forestry :
Economic-Financial Analysis, Life Quality Management and Ecologic
Marketing and Management, D16 Reconstruction, D03
- - Eco-Biotehnologies and Equipments
Life Quality and in Food and Agriculture, D06
Human Performance, D19

Innovative Medicine,

Research Depal‘tments F:nd;_ame_ntals and
pplications, D17
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The GENIUS Campus — R&D Institute ICDT PRO-DD

PRO-DD
The Solar Park

- PV Platforms A

- 2MWp PV

- Residential buildings
testing optimised solutions
for integrating renewables

The PRO-DD Institute b,
12 Laboratories (3 floors) - Smart Buildings:

-Renewables: solar thermal, PVs and heat pumps

-Monitoring and data acquisition
Outdoor: testing stands for optimising complex sustainable energy solutions
Indoor: advanced research centre on Sustainable Energy
Financing: 2009 — 2013 (Structural Funds)
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The GENIUS Campus — R&D Institute ICDT PRO-DD
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The GENIUS Campus — R&D Institute ICDT PRO-DD

June 2009
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The GENIUS Campus — R&D Institute ICDT PRO-DD
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R&D Institute ICDT PRO-DD - IBM GREEN Data Center
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R&D Institute ICDT PRO-DD - IBM GREEN Data Center




R&D Institute ICDT PRO-DD - IBM GREEN Data Center

— Data Center and platform for delivering software and multimedia
services for all the research centers of the Institute;

— Service oriented architecture;
— Cloud computing solution based on a Blade framework;

» Design Principles taken into account:
— Centralize computing resources
— Reduce electricity consumption
— Reduce operating costs

Page = 16



R&D Institute ICDT PRO-DD - IBM GREEN Data Center

» PRO-DD Data Center Hardware Equipment characteristics
= Number of processors: 29
= Number of processor cores: 174
= RAM Memory: 1440 GB
* Video Memory: 6 GB GDDR5
= Storing capacity: 28TB
= Computing power: approx. 1TFlops
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Smarter Buildings: Intelligent Distributed Workspace for

Energy Efficiency in the GENIUS Campus

— Proiect IBM Share University Research, 2009-2012

— Development of a global model for buildings and office spaces of the
R&D Institute ICDT — ProDD;

— Proposal and designing of a distributed data acquisition and control
architecture based on wireless sensor, actuators and computer
networks for delivering on increased eff|C|ency, an improved security,
a high reliability and an economical maintenance for all 12 buildings
of the Institute;

— Connecting of the multiple control systems (lightening, HVAC, power
energy sources) and of the multiple locations — remote control over
Internet and wireless, event monitoring and alarms;

— Creating of the facilities for treating the whole institute as a laboratory
for studying of the parameters of the buildings and installations with a
view to design, develop and test of BMS - Building Management
System — solutions.
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The main research project

= Main goals:

— implement a wireless sensor network
(WSN) for ambient conditions monitoring
and control

— Integrate building systems together
(central information storage, monitor and
control)

— increase the energy efficiency
— increase the comfort of the occupants
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Comfort demands - evolution

present

(complex life style)

future

(more complex life style)

long time ago ...

(simple life style)




Employees efficiency

= a person could accomplish
successfully its activities as
long there are no external
factors which to disturb him
(e.g. heat, cold, noise, low
air quality)

= if the comfort is satisfied
also the maximum efficiency
of the employees is ensured

» a low decrease in
employees efficiency for a
big company represents a
huge lost of time and money
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Employees efficiency

= At a new office building design
— the initial cost and energy efficiency are the first points analyzed

— the people’s comfort (with influence to their productivity) is less

discussed @ % g

| t Z
As observations: ) 5 -
— people spend 80-90% of the time from their lives indoor \\\%@ <«

— the lighting, heating, air conditioning, ventilation systems ensure
comfort to the occupants of the building

— itis not possible to reach the highest level of comfort, since could not
exist a maximum for it, but we could make one step further into the
future and create better conditions for our indoor lives
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Comfort characteristics

= comfort = all existent conditions from
a space for which a person will not
prefer a different space with other
conditions

» |[SO 7730 defines the thermal comfort
as that condition of mind which
express satisfaction with the thermal
environment (thermal neutrality —
when a person doesn’t feel too warm,
either too cold)

= comfort = a complex concept that
depends on a set of external and
Internal factors.

= Maybe it is easier to define what it
means, but it is more complicated to
convert the definition into physical
parameters and establish relations
between them (create equations that

"9Wilf permit a mathematical analysis)




Comfort types
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» The indoor comfort could be described from multiple points of view:

thermal: temperature, humidity and air velocity (very import type of
comfort)

visual: light intensity and other factors which could influence a person
view

acoustic: maximum level of noise or repeatable noise

air quality: parameters which characterize the air conditions and are
suitable for respiration and human health (e.g. oxygen level, pollutions
level)

stability: without uncomfortable movements, vibrations or shocks;
security comfort: feel safe at the working place;

daily timetable: a constant daily timetable will not influence the life habit;
economical factors: the fear of insufficient funds for proper living.

= A person could feel comfortable from some points of view but
uncomfortable from other points of view.



Network device implementation

- We tried a “from O implementation” strategy:

- The majority of the devices are expensive and doesn’t have a general format;
- It was developed the power supply module, the processing module and radio module.

onoor-

-> conclusion: insufficient time for accomplishing all the objectives, so we
decided to use existent modules.

-~
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Network device implementation

- The new solution implies using of the components: Arduino Pro Mini,
XBee and extension modules with sensors.

XBee
Series 2
Sensors board
) /
Arduino ®
Pro Mini »r}.\\.@
5 ¢ -,
% E o a0y % NS
/T\ Actuators board
Power
Supply
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Network device implementation

e R R PN

- The next solution is based on using the platform Seeeduino Stalker
v2, Xbee and the extension modules (with sensors and driving
elements).

U.FL. RF Connector Chip Antenna
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Network device implementation

Radio Module Sensors Module Processing Power Supply
Module Module
()
Micro- Rechargeable
Antenna Sensors 1..n processor battery
Voltage
Memory regulator
Communication Adapt signals
interface circuits RTC Charge
controller
A
A
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Network device implementation

\

- The extension module with sensors (based on a general format)
- SHT71 (temperature, relative humidity);
- Thermistor (temperature).

EXTENSION SHIELD

|| 0- XBee serial RX scL| |
1 - XBee serial TX SDA | |
2 A3 [
3 — microSD card detection A2 [
4 — control microSD card power Al
5 - control XBee power A0 |
'; NC |

GND | |

8 - debugging led GND [
9 - shield identification usBsv | |
10 - shield identification 3va|
11— shield identification AREF [ |

|| 12— detect XBee sleep mode

|| 13— control XBee sleep mode
GND

| AREF




Wireless network Implementation

- Aprox. 80 network nodes




Wireless network Implementation

- The network was initially distributed in a classroom from one of the
laboratories.
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Wireless network Implementation

Router nodes

Terminal | =

Page » 32 nodes | (o



Initial analysis
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Monitoring system architecture
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Monitoring system

- Software components and connections

O

Server & SERVER SERVICE
(WsnServerService) | | TCP/IP I
T
g 4 ¥ % | Listening Thread Listening Thread [ ¥
B e P& Client Driver e 3
N
~N
L] [] - v v
N
Processing data functions
WsnlLibrary
Z )
TCP/IP TCPIP E < | A 4
Ve DATABASE
/ \
\
—| >
Z \
Client Driver

(WsnClient) (WsnDriver)




Monitoring system — Driver application

85 Wsn Driver - project: Institut PRO-D L

File | WSN  System Windows Help

Extended PAN ID: 00000000 00000017 Scan channels: FFFF Operating 16-bit PAN ID: 8450 Options ->
Operating PAN ID: 00000000 00000017 Operating channel: 14
Node type Address 16bits  Parent Address 64 bits Node identffier Fimware  Hardware Shield type Battery [V] Memory  Parameters AR Active
tr coordinatornode 0000 0013A200 407762FA GATEWAY NODE 21A0 1946
® end node 2603 0000 00134200 4054F8B4 REMOTE 29A0 1942 none
<& end node B26B 0000 13;2":455 F303 ROBOT 29A0 1942 none
fZendnode  [A353 [0000 [0013A20040695047 | TERMINAL 01 2900 (1946 |shi7isensor | 367]1159  [DT:05/30/20121341:57.T:2757 C.RH- 3784 %.OP: 1191C[ [ |
%9 end node EB56 0000 MW"CAG 1Fﬁc5 TERMINAL 03 2940 1546 sht71 sensor
® end node C851 0000 00134200 4071F723 TERMINAL 02 2940 1546 sht71 sensor
$ end node 00 0000 0013A200 4071F726 TERMINAL 04 2940 1346 sht71 sensor 358 1159 DT: 05/30/2012 13:41:52, T: 20.47 °C. RH: 54.20 %, DP: 10.89 °C
4 ‘ n | »
Wsn telegrams (=] server telegrams (=]
» . A
Date Time Telegram type F /-l ‘ | Date Time Telegram type =
(RNae T Tk S Senes i SN, = 2| 1|[ 05/30/2012 164158 AddShieldSht11MeasurementResponsePackage L
05/30/2012  16:41:58 ZgBee Transmit Request ((x10) DeliveryStatus /2 16:41:58 AddShieldSht11MeasurementRequestPackage
05/30/2012  16:41:58 Zigbee Received Package (2¢50) (600 = Suceass: Bx01 = MAC ACK Falure; 16:41:54 AddShieldSht 11Measurement ResponsePackage
vz B0 dbeTamtamem - || 002 = CCA Faiure: 015 = invaiid destin... | I | 05/30/2012 _ 16:41:54 _ AddShieldSht11MeasuremertReauestPackaae ¥
Temperature Relative humidity Dew Point Date & time Temp[C]  RH[%  DP[C] Battery Voltage
50 100 50 05/30/2012 13:41:57 wes 191 Sig
05/30/2012 13:41:46 48.40 1858 % 17
18 30 38 05/30/2012 13:41:35 677 2505 2 a8 :
ol 05/30, u1213:.‘.1:24 65.10 232 > 34
T 2 Pl ™ = 6 A T 2 — 05/30/ 2041 55.27 1113 33
E‘ d s [Fe=g=a-p-¥ \b E o N 05/30, 2043 55.31 117 1:38PM 1:39PM 1:39PM 1:39PM
= 14 = 4 = 14 A [ 05/30 2043 55.31 117
= = 2 > e ® .
e 05/30/2012 13:40:40 0.45 5547 11.23 Available memory
2 20 2 05/30/2012 13:40:29 2043 55.59 11.25 T 1640
05/30/2012 13:40:18 2040 55,61 12 2 1230 -
-10 0 -10 s 820
= = = =E = = E = = = = =E =E = = =
Lo aaocaa AN A A A o aoca = 410
£ 8% %= £ 835 % % £ 8% %= 0
A R e SURERT ARt A AR ER IR T AT 1:38PM 1:39PM 1:39PM 1:39PM

Database server:  connected

o,
4

Network connection: opened 3 v Monitoring and control process: on (#) v



Monitoring system — Client application

o' Wsn Client - projec-t‘: Institut PRO-DD E‘M

File ~Windows Help

Node type Node identfier Shield type Shield SHT71 measurements - TERMINAL 01
{7 coordinatornode  GATEWAY NODE
& end node REMOTE none Temperature Date &time Temp ['C] RH [%] DP[C] ‘A
<® end node ROBOT none 273 05/25/2012 01:03:33 272 5898 1428
% end node TERMINAL 01 sht71 sensor “qlm% 05/25/2012 01:07:34 270 5901 1427
@ end node TERMINAL 02 sht71 sensor = 22,633 "”I [ 1o TRe ft 7 05/. 201:11:35 2259 59.30 14.24
%® end node TERMINAL 03 sht71 sensor O 2561 —4lalyl ST e 0 05 201:15:36 268 5922 1431
& end node TERMINAL 04 sht71 sensor = 29 454 | 1% s/N¥ee W) (o] [ °‘-‘To il A T? )\ g % 05, 201:18:37 243 59.70 1421 |z
= LR T T 4 VNEL, Re [R™RT e |05 201:23:38 267 5916 1428
22.362 ——— g' & TERT i 05 201:27:38 266 5931 1431
297 i &y ¥ 05 201:31:40 268 5922 1431
01:00 02:00 03:00 04:00 05:00 06:00 07:00 05/25/2012 01:35:41 2266 5528 1430
05/25/2012 01:39:42 2255 5966 1430
Relative hurnidity 05/25/2012 01:43:43 259 5361 1433
05/25/2012 01:47:44 241 6016 1430
i : T 05/25/2012 01:51:45 25 5972 1432
60.306 r. S 5t lh‘ﬁ = 05/25/2012 01:55:46 253 5981 4R
£ £9972 f1 7 asdtlaft Jlo [N i8] “fdnx Al N LA 05/25/2012 01:59:47 250 5987 1431
Selected interval | custom v s PR IR/ ¥is uq,m; T & i TR o2 05/25/2012 02:03:48 262 5952 1433
SEPRT 3 5968 —F—f—p P T TpTRTE S | 05/25/201202:07:49 254 5960 1427
S/25/2012 [ 59,304 Lol ] LRRY 05/25/2012 02:11:50 259 5973 1436
1:0000AM @~ e 05/25/2012 02:15:51 250 6020 1439
58.97 < 05/25/2012 02:19:52 240 6028 1432
5/25/2012 [@~ 01:00 02:00 03:00 04:00 05:00 06:00 07:00 0 12022353 2256 59.81 1435
74325 A0 [l 0 12 02:27:54 247 5983 1427
8 Dew Point 0 1202:31:55 253 5987 1434
Measurements @) shield 144 sﬁ 1A E‘ :g;iizg ;ii Egig E;i
@ Q wil A b e vird ot i
) battery voltage 7 L : %omﬁl,' "l”‘ IR b‘“l'u"\f?r?wllr \l‘,'b?.' qu i ?Q|,*a°b o‘”‘. 0 12024358 249 6008 1435
*) available memory = 14.284 KTibi S S Bk S v 5V The )5/25/2012 02:47:59 2228 60.44 1425
S 122068 6 U4 L G 05/25/2012 02:52:00 247 6004 1432
> é ¢ & a [TAN 05/25/2012 02:56:01 241 6016 1430
Eoici i 14.168 ool it | waannnn 25 5963 1431
1411 4 & 05/25/2012 03:04:03 257 5972 14%4
01:00 02:00 03:00 04:00 05:00 06:00 07:00 05/25/2012 03:08:04 2243 60.01 14.28
05/25/2012 03:12:05 225 5975 1433 <

Number of records: 100 Export to CSV

Database server: connected g v



Sensor network implementation
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KNX automation system

User control for: Includes:
- lighting lamps - 24V voltage source
- heating - USB interface
- air ventilation - acting devices
- blinds / Light intensity and
- movable partition wall person presence sensor _\
| |—\_h| ] i | ] | — \ |
| 7 i E—— | -
—! 6 @ g & KNX L4779 KNX g & L
access panel KNX access panel
Control

= Lightening control

» Heating control
>_

aeeeeeean
aeeeesens
aeeeeeeee
. JOOO0O0000
aeeeeeess
aeeeesaas

i Y R . 1 . M

DAk S O

+ lemperalura setald pe o valoare minim&
« iluminat intrerupt
«  jaluzele coborate

Neutilizare

A UHs,
R RGNS

+ iluminat constant

=
:6% = temperatura setatd pe o valoare prestabilita
)
%“s +  Jjaluzele ridicate

glass wall
(full heigh and weight)

apasare tasta = temperatura setatd pe o valoare prestabilita
Prezentare e iluminat intrerupt
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KNX automation system

= KNX system, a small part of a BMS (Building Management System)

= integrate the KNX system with a Wireless Sensor Network (WSN) - both of
them could monitor parameters and control different systems.

N N
" Security N Automation
( Systems & Remote

Control
/,.—.1\\

Blind &
Shutter

Control

" Lighting
Control

() sensor Node

Gateway

Sensor Nod Energy

( Management | Vlsuallzatlon )
N ( HVAC )\.\\_/,/
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KNX automation system

— configurable classroom

— the cost of the KNX system is
quite high but after installation it
should produce an increase of
the comfort and decrease of the
energy consumption.

— another advantage of this type
of system is that it could be
easily reconfigured. It is
possible to save different
configuration (scenes) into the
system memory and load them
for specific usage situations.
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User control for:

Includes:

- lighting lamps - 24V voltage source
- heating / - USB interface
- air ventilation / - acting devices
- blinds / Light intensity and
- movable partition wall j person presence sensor w
| = m——es =
T == ———
el d & o o d & :
access panel KNX §§ access panel
Control  |{/
82
- £ S S {1

000000000
LO0000000
seeeeeees
. 00000000
seseeeeen
seseeeees

glass wall
(full heigh and weight)

movable partition wall blinds



KNX automation system

= the main components of the KNX system:

— 24V Voltage Source;
— USB Interface;

— KNX acting devices;

— KNX access panel;

— movable partition wall;

— Blinds;

— lighting;

— light intensity and movement detection sensors;

— heating.
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Other monitoring possibilities

TEG (demisol)

Pret tablou monitorizare: 111,40 lei

Pret monitorizare consum energetic: 4010,38 lei
Pret monitorizare consum agent termic: 9556,28 lei
Pret monitorizare consum apa calda-rece: 2137,80 lei PM210PG PM210PG PM210PG
Pret total: 15715,86 lei (demisol) (parter) (etaj)

= Electric power

» Thermal energy

RS485 S— ;
- Wate I {protocol Modbus) DlSll’lbu.ltOIt agent ten"mvc
pret: 121,38 lei principal (demisol)
MBus
220V
Tablou
Monitorizare :
Dn40 Dn65
DATA C_ENTER" calorifere pardoseala
(stocare informatii) sAETugMA::TTé
Mbus Pret: 9024,40 lei |  TF-STH
pret: 121,38 lei 220V
|
CONVERTOR
i RS485 - RS232 3 . :
2 SIGURANTA
2 AUTOMATA
CONVERTOR S
RS232 ; x
Mbus - RS232 o SIGURANTA
T ] AUTOMATA
o
TRANSFORMATOR |
24VDC Mbus
: 0V
pref:6.64lei  Pret: 2137,80 lei 2

Pret: 578,40 lei
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Floor temperature monitoring

Convertor
RS232 RSZ32-RS485 ICP DAS 6 RTD
% 17520 M7015

RT

Sursa 24Vi2 54
MOR-60-24
ICP DAS 16 DO
M7045
RS232
Tablou spina (instalat la demisol)
e
ICPDAS 16 DO
] Sonatop Sursa 24V/2.5A
RS232-RS485 MDR-60-24
17520
[
ICP DAS 6 RTD
M 7015
é é é é
s b ] |j ﬁ
181 182 ts3 tat




Floor temperature monitoring

5! Termoresistors Dri

File System Help

Name Module ID Channel ID Moduletype  Channel type Description TBR Status Parameters
R __IZE_-]_
N termoreustemaZ 17 1 M7015 22. Platinum 100, o= 0.00385; 0 ~ 200 °C 5 enabled DT 06/19/2012 1911 CS T 33 39°C
U temorezistenta 3 17 2 M7015 22. Platinum 1., 0. a=0.00385; 0 ~ 200 °C 5 enabled DT: 06/19/2012 19:21:09, T: 35.16 °C
U temorezistenta 4 17 3 M7015 22. Platinum 100, o= 0.00385; 0 ~200 °C 5 enabled DT: 06/15/2012 19:21:09, T: 34.00 "
& temorezistenta 5 17 4 M7015 22. Platinum 100, o= 0.00385; 0 ~ 200 °C 5 enabled
O temorezistenta 6 17 5 M7015 22. Platinum 100, o= 0.00385; 0~ 200 °C 5 enabled
. temorezistenta 7 18 0 M7015 22. Platinum 100, o= 0.00385; 0 ~ 200 °C 120 disabled
O termorezistenta 8 18 1 M7015 22. Platinum 100, o= 0.00385; 0~ 200 °C 120 enabled communication emor!
4] ¢ [¢
T e Date & time Temp ['C]
06/15/2012 19:21:08 31.91
34 06, 3204
06/19/2012 19:20:59 3217
06/19/2012 19:20:54 3227
06/19/2012 19:20:49 32.38
328 06/19/2012 15:20:44 3248
g — — 06/19/2012 19:20:38 3252
o~ s 06/18/2012 19:20:33 3259
g 06/15/2012 19:20:28 3258
316 ot 06/19/2012 19:20:23 3247
o) 06/19/2012 13:20:18 32.15
£ 06/19/2012 19:20:13 31.60
E o,' 06/19/2012 19:20:08 30.65
204 06/19/2012 15:20:03 2576
06/18/2012 19:19:57 29.78
o0 —— e | 06/18/2012 19:19:52 29.79
06/18/2012 19:19:47 2578
06/19/2012 19:19:42 2578
&2 06/19/2012 19:19:37 29.80
06/19/2012 19:19:31 25.80
06/19/2012 19:19:26 23.81
28 06/19/2012 19:19:21 23.81
7:19PM 7:19PM 7:20PM 7:20PM 7:20PM 7:21PM CS.' ez b =1
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Other type of application
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Thanks a lot for your attention !
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