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Dr. Vladimir Shakhov.
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Introduction

A wireless sensor network (WSN) 1s

a wireless network consisting of medical diagnostics
spatially distributed autonomous oy |

» . Motion sensors == ¥ W
devices using sensors to ® ::""’”lih.‘,il"ff’i?f
cooperatively monitor physical or [ y— CE
environmental conditions (o) | R

environmental monitoring

smart home

KEITICF-2014



Applications

8.

9.

10.

air pollution monitoring
water quality monitoring
landslide detection

forest fire detection
military applications
machine health monitoring
traffic and tracking

health care

smart home

etc

HEMuMD
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Prospect

WinterGreen Research:

B grow rapidly over the next years
B from $789 million in 2012 to $7 billion by 2019

ZigBee Alliance: SIEMENS TENDRIL
E;T. N @ MOTOROLA Q‘ TEXAS

INSTRUMENTS
PHILIP
S s”

Honeywell
e Schneider
-
ember HUAWEI

Electric w
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Motivation

“Sensor networks can vastly enrich our understanding of how the world works,
opening the door to entirely new computing applications”. /-D
nt

&<

“In a few years, networked sensors and actuators will outnumber traditional
electronic appliances. They will enable a plethora of new services and
applications in industrial automation, asset management, environmental
monitoring, medical and transportation business, and in a variety of safety and
security scenarios”

"‘IIE

“With the standardization of IEEE 802.15.4 and ratification of the ZigBee standard,
this field has received a significant new surge and is now realizing many
new and innovative applications in home and building automation, industrial
automation, health-care, security, and consumer markets” .
*&‘ TEXAS

INSTRUMENTS

KEITICF-2014 6



Problems

B A cost of sensor components is a critical consideration in the
design of practical sensor networks.

B A cost of sensor network increases with sensor battery power.
B By this reason a battery power is usually a scare component

in wireless devices. On the other hand, sensor lifetime depends
on battery lifetime.

Thus, an efficient power consumption 1s an important direction of
sensor networks investigations

KEITICF-2014 7



Lifetime and Sleeping

A widely employed energy-saving approach consists in placing
sensors 1n sleeping mode. During sleeping time a sensor can not
be used for data transmission or other services like environment
monitoring.

With sleeping mode the sensor power consumption becomes low
and the lifetime of a sensor increases. However, network

reliability and performance degrades.

Thus, it 1s necessary to find a trade-off between sleeping time and
network performance.

KEITICF-2014 8
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Problem

event area

KEITICF-2014 9




Experiment Design Technique

get a lot and save money

KEITICF-2014
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HEMuMD

Sensing Model (+Energy Harvesting)

The detection ability of sensor 1s defined as follows

he bi , dol P I, x<R
the binary lisensmg mode =10, otherwise.
the prob sensing model p_ Lx<R
e R otherwise.

Zhiyun Lin etc: An incremental deployment algorithm for wireless sensor networks using
one or multiple autonomous agents. Ad Hoc Networks 11(1) (2013) 355-367.

1. Altinel etc: Binary integer programming formulation and heuristics for differentiated
coverage in heterogeneous sensor networks, Computer Networks (2008) 2419 - 243 1.

Q. Yang etc: Energy-Efficient Probabilistic Full Coverage in Wireless Sensor Networks,
Proceedings of IEEE Globecom, CA, USA, 3-7 Dec. 2012, 609-614.

KEITICF-2014 1
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Motivation

@ @ P(n):l—(l—e_”)n2q

In(1-4g)
> .
: " e )

Letg=0.99,x=2, a=1 =n,, =32; if a=1.1=n=40

Other example: WSNs with duty cycle

KEITICF-2014 12
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Experiment Design Technique

Assume that the sensing quality 1s described by the following
regression model

y=n(x,0)+e

Let us define the experimental design:

Xis-eeX,
e(N) =
Fyeoosl, l.

The Fisher information matrix

M (e(N)) = iw(x,-m (Vi .0V (x.0)

S
-
I
Z

I
p—

M ! equals the covariance matrix of § estimations

KEITICF-2014 13



Problem (non-linear regression)

0= 1(0)

However:

max M(s(N)) = x,,, = 2(0)

¥ =1 (x,0) = Const

/

Focus, concrete value

KEITICF-2014 14
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D-optimal Design

The D-optimal design ¢* 1s obtained as the solution of the
optimization problem as follows

maxdet M ((N)),

WEIY
i=1

x.

2 . .
e¥ = X X, = arg max o(x) an(xae) : a)x(.X):_ng'x
N xeQ, 00 o(x) -

KEITICF-2014 pp=




D-optimal Design

Assume, w(x) =Const >0;

(77:9 (x, 19))2 is a monotonic decreasing function of x

Hence,

2
X, = arg max (&n(x,@)j =min{x:xeQ }
xeQ), &H

KEITICF-2014 16
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Performance Analysis

n(x,0)=e""

Assume, a =1, w(x) = const, x > 1, N=100.

o [ X = Xy Xy B _ .
E* = VS (9(N)—1 | X, =1+@G-Ds,i=1..N

9oy

1 1 1+s 1+2s

KEITICF-2014 17



Performance Analysis

D(é‘*) Gggtio
D(&(N))

0,05 \

0,04 \

0,03 \

0,02 \\\\

0,01

0 T T T T T T
0,1 02 0,3 04 05 06 0,7 S

KEITICF-2014 18



(12)

Application for Optical technology
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Inventors: Johannes D. de Veer, Menlo Park, CA
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(US); Guorong V. Zhuang, Santa Clara,
CA (US); Shankar Krishnan, Santa
Clara, CA (US)
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A method to calibrate a polarizer in polarized optical system
at any angle of incidence, by decoupling the calibration from
a polarization effect of the system, by providing a calibration
apparatus that includes a substrate having a polarizer dis-
posed on a surface thereof, with an indicator on the substrate
for indicating a polarization erientation of the polarizer, load-
ing the calibration apparatus in the polarized optical system
with the indicator in a desired position, determining an initial
angle between the polarization orientation and a reference of
the polarized optical system, acquiring spectra using the
polarized optical system at a plurality of known angles
between the polarization orientation and the reference of the
polarized optical system, using the spectra to plot a curve
indicating an angle of the polarizer in the polarized optical
system, and when the angle of the polarizer is outside of a
desired range, adjusting the angle of the polarizer, and repeat-
ing the steps of acquiring the spectra, and plotting a curve
indicating the angle of the polarizer.
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Application for Optical technology

B Optical system polarizer calibration
US 8797534 B2

Assigned : Kla-Tencor Corporation

n(x,0)= A+ Bcos(x—9)

B Signal processing using non-linear regression with a
sinusoidal model

US 7574253 B2
Assigned : Northwestern University

1n(x,0)= Asin(Bx +9)

Proposed method increases accuracy up to 60%

KEITICF-2014 20
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Summary

B Efficient Experiment Design Technique for non-linear regression
1s offered.

B The D-optimal design criterion is considered.

B The proposed approach being implemented allows to minimize
experiments costs for sensing quality estimation, reduce the
network traffic related to the considered experiments, improve
energy consumption and the energy harvesting schedule for
wireless sensor networks.

KEITICF-2014 21



WSNs Security

Method and Models (Mathematical Tools)
Simulation Tools

KEITICF-2014
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WSNs Attacks Taxonomy

Protocol layer Attacks

Physical Jamming

Defenses

Detect and sleep
Route around jammed regions

Node tampering or destruction

Link/MAC Interrogation

Hide or camouflage nodes
Tamper-proof packaging

Authentication and antireplay protection

(medium access control)  Denial of sleep

Metwark Spoofing, replaying, or altering routing-
control traffic or clustering messages

Authentication and antireplay protection
Detect and sleep
Broadcast attack protection

Authentication and antireplay protection
Secure cluster formation

Hello floods Pairwise authentication
Geographic routing
Homing Header encryption
Dummy packets
Transport SYN (synchronize) flood 5YN cookies

Desynchronization attack

Application Overwhelming sensors

Packet authentication

Sensor tuning
Data aggregation

Path-based Do%

Authentication and antireplay protection

Deluge (reprogramming) attack

KEITICF-2014

Authentication and antireplay protection
Authentication streams

Depletion of batteries?
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Jamming
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Counteracting
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Relaxed Jamming

traffic

Detection?
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DoB: Depletion of Battery

DoB

New type of intrusion

Battery Exhausting

KEITICF-2014
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Intrusion Detection

HEMuMD

A sequence of random values ¢ is under observation:

&y EslE) Euns G -

At a time moment t a distribution of £ is changed.
Moment t is unknown. tis a discord moment.

An observed parameter can be noise level, Bit Error Ratio,

energy consumption or other parameter, which is changed
under the intrusion.

To define discord moment point-of-change detection
technique has to be used (CUSUM algorithm)

KEITICF-2014
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Intrusion Detection

HEMuMD

Admissible lag (T)

"'é—za é—l’@éﬂﬂ §r+29 "t §+T9 §+T9 §+T+19 §+T+29“‘

False alarm Undetected discord
Success
Probability of Probability of failure
false alarm is fixed Is minimized
ALARM
SIGNAL

KEITICF-2014 30
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Summary

The novel specific type of intrusion exists.

Traditional defense schemes cannot be applied

Recommended counteracting methods are

B implementation of multilevel independent power control
for mobile terminals and also,

B cffective monitoring based on the methods of discord
detection.

KEITICF-2014 31



Tradeoff Between
Energy Harvesting Duration and
Reliability in WSNs

Method and Models (Mathematical Tools)
Simulation Tools

KEITICF-2014
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‘Proposed method description

B The method for establishing of relationship between sensor reliability
and sensor battery capacity.

start
active | sleep ’ active ’ sleep } active S
Sensor Lifetime '
The battery capacity (in terms of time) of ith sensor C 1
j s 1= g zhziely
(n sensors in total) :
The total sleeping time of ith sensor S, I=1,...,n
. : . L C,
Probability that a sensor is available (sensor reliability) D, = C 4
i+ i

B If sleeping time is maximized then the capacity of sensor battery is
reduced. It also reduces a cost of sensor networks.
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Factoring Method

R(G) = pR(G;) + (1 — po)R(G\e)

=N

KEITICF-2014 35

Moore-Shannon Method



Proposed method description

B Designations
» G(V,E) : a graph (a model of network topology)
» R : the reliability polynomial for a the graph G
» a : arequired level of reliability (if it is given)
» A : atotal admissible cost of batteries (if it is given)

fixed capacity of sensor L L
A both parameters reliability maximizing
battery, sleeping time is .
: are controlled under limited resources
controlled variable
ZSZ. — max, Z(CZ. +S;) > max, R — max,
R(S,....8)>a R(C,..C,.S,,....S)=>a. ZCi < A.

KEITICF-2014
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Problem

Tradeoff Between Energy Harvesting Duration and
Reliability in WSNs

A sensor node randomly comes to a restoration mode
and returns to a working mode (MAC).

Let p be the probability of the node reliability
(availability).

KEITICF-2014
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Tradeoff

If the sensors transmission rage 1s increased then the
energy harvesting period has to be increased and p 1s
decreased. However, the number of links between sensor
nodes increases.

And vice-versa, if the sensors transmission rage 1s reduced
then the energy harvesting period can be reduced. Hence, p
1S increased and, at the same time, the number of links
between sensor nodes decreases.

KEITICF-2014 39



Tradeoff

R(G(n,m(p), p(S)) — Inng .

r = arg max R(G(n,m(r), p(r)).

reQ),

R 1 :
0,95 /

—e— 1st strategy /

0,9 —=— 2nd strategy /

+ Algorithm for this one o= —

0,8
0,75
GF //://./
0,65
/

0,6

+ Algorithm for ,
Py // i

sinks placements —
bt I
0,35 ‘/

0,3

0,3 0,325 0,35 0,375 04 0,425 045 0,475 05 P
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HEMuMD

Summary

B Recliability concept is considered

B NP-hard, however it 1s possible within a reasonable time to
obtain the lower and upper network reliability bounds and make
a decision about the reliability (or unreliability) of the network

B An attractive potential area of proposed approach is novel MAC
protocols for WSNs.

KEITICF-2014 41
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Nanotechnology in Medicine: non-invasive
molecular genetic testing

Andrey Toropovskiy, MD,PD
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Deoxyribonucleic acid (DNA) is a molecule that encodes the genetic instructions used in the development and functioning of all known
living organisms and many viruses.

DNA, general facts

Human DNA:

« Size of each nucleotide is 0,33 nm

« Width 2,2-2,4 nm

* 3,1 milliard b.p.

* 1,04 mlength

« 20000 —25 000 active genes

* Only 1.5% of the total genetic material encodes a
protein or functional RNA

« Basic (genomic) DNA of human divided into 23

} pairs of chromosomes: 22 pairs of autosomal

EEGHE 2 % < chromosomes and a pair of sex chromosomes

proteins /@f » Genes are distributed unevenly across the

chromosomes

 About 1% of the human genome is occupied by
the inserted genes of retroviruses

Mucleus

Cell

| W

sity of Waikato

=l
LY b

22007-2011 The Univers

Mucleosomes
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Polymerase chain reaction (PCR)

Polymerase chain reaction (PCR) is a
method of molecular biology, allowing to
achieve a substantial increase in low p—
concentrations of specific nucleic acid : :
fragments (DNA) in the biological
material (sample).
» Based on the natural process
amplification of the DNA in cells of
the living organism

 The first publication by the PCR m Exponential increase in

technique appeared in November =3 copies of the survey area
1985 in the journal Science ] N\

*  After 8 years after that for the 8 Amplification il
invention of PCR Kary Mullis
received the Nobel Prize ,

* Produced using a thermostable i

polymerase

Isolation

—

® Detection
:-:E:E!E‘:-:-:l

Fluorescence emission of the signal when
engaged with the matrix




Polymerase chain reaction (PCR) TegyGee, () oo

Works in any field of medicine

-

Criminalistics
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The polymerase chain reaction at
reproductive medicine

24 S

ILLUSTRATION INTO MOTHER'S BLOOD VESSEL

BABY'S FREE FLOATING DNA MOTHER'S RED BLOOD CELLS
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Non Invasive Prenatal Testing

NIPT is based on the analysis of fetal
genetic material that enters the mother's
bloodstream.

D.Lo et al in 1997 found a small amount
of fetal DNA present in the mother's
bloodstream during pregnancy.

Mainly formed due to the death of
placental cells - the trophoblast

Fetal DNA can be detected already in
the fourth week of pregnancy

CcfDNA concentration increases during
the term of pregnancy. fragments

Fetal Cellular RNA (ccfRNA) is also
detected in the bloodstream and can be
extracted therefrom for subsequent
diagnostic.

111111

Charionic Villi

= & / Apoptatic Trophoblasts

Maternal Arteries

Maternal Viens

Intervillus Space
=== Filled with maternal blood

| Fectal Arteries
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For the analysis requires only 7 ml of pregnant
woman blood
The analysis is possible with the 7th week

Detection Of fetg| DN,

bIoodstrea':)at Mother's

1 % fetal loss
3% serious injury or fetus and mother
the complexity of the procedure
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Non Invasive Prenatal Testing

©2010, llumina Inc. Al rights reserved.
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Kits for NIPT is produced by TestGene LLC

« "Test-RHD" - test system for non-invasive detection of fetal gene rhesus with
the 10th week of pregnancy;

» "Test-SRY" - test system for non-invasive fetal sex determination from the 7th
week of pregnancy by mother’s blood;

* Kits of reagents for DNA extraction from biological materials;

Products of nanotechnology category "B"

Patented http://www.eapo.org/ru/patents/reestr/patent.php?id=19861
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Methodics of TestGene kits for NIPT

To take To isolate
woman'’s blood DNA

The whole test is about 3 hours
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Ulyanovsk Technology Transfer Center

Fetal RHD testing

Fetus is Rh negative Fetus is Rh positive

Nothing to worry about Risk group for Rh conflict




Analysis for the presence of antibody titer 1 every month
throughout pregnancy

Administration of anti-Rhesus immunoglbulin in the absence of
antibody titer at 28 weeks of pregnancy and within 72 hours after

Ultrasound with Rh sensitization starting 20 weeks of pregnancy
every 4 weeks, with the 32nd-every every 14 days

The issue of timing and method of delivery
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We have estimated an independent investigation into the
distributed 12 large remote laboratories

1 avanussRY | AwammsRHD |
[Total 0000000000000 1106 911
EEE N 450(40,69%)

| SRYnotdetected  WGECCEERED

| No matches among the identifiedSRY  [EEPCKEZ))

| No matches among the not identified SRY  [BERCH(ELI)

| RHDdetected | 672 (73,77%)

| RHDnotdetected | 239 (26,23%)

| No matches among the identifiedRHD | 7(0,77%)

| No matches among the not identified RHD | 10 (1,09%)

[ Total mismatchanalyzes AT 17 (1,86%) ® % MabYMKOB % NeBoYeK % pe3yc "+" @ % pe3yc "-"

= Bcero ™ ManbunkoB ™ [leBouek mBcero W+ ®-



Diagnostics parameters were estimated
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Engineering of non-invasive prenatal Tegybog, ()

diagnosis of aneuploidies

™

Wilcoxon Matched Pairs Test (Spreadsheet1)
Marked tests are significant at p <, 05000

Valid | T z p-value
Pair of Variables M
200 & 300 11/ 0.00| 2.934058] 0.003346]
k"-L
A Box & Whisker Plot
- ! (-\, 325
P / .
l_ \ 320t —‘7
R )
: : ) 315

We have a prototype of a diagnostic kit for the detection of Down syndrome in

the fetus of a pregnant mother's blood for the period from 9 weeks of pregnancy. 505 | o
Incriminating feature of this test system is that it focuses on the PCR method,
which makes it accessible to virtually any laboratory. = J
285
o Median
29.0 [125%-75%

200 300 T Min-Max
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Non-invasive prostate cancer
detection

5 000-|

4000-}

IryopecueHUmMA
ba
=1

1000-|

I o I o I . I N I N I Y I N I N I N I y
1 6 11 16 21 26 31 36 41 46
Homep umkna

Also we are developing own test system for early non-invasive diagnosis of
prostate cancer by analyzing the expression level of the gene PCA3. We have
also produced a prototype test system.



Social significance TesyGene
"Innovation should be available"

 "Test-RHD» - helps to take timely action to save the lives of babies across
Russia

 "Test-SRY» - is particularly important for families who are at risk of
manifestation of the disease, sex-linked

 "DNA-plasma” - qualitatively isolated DNA - the key to reliability of analysis
results

 Continue to develop innovative, as well as import substitution products
available to all segments of the population

« Team TestGen updated gifted and promising professionals
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Thank you for your attention!

Andrey Toropovskiy

CEO "TestGene" LLC

MD, PhD

phone +7 (499) 705-03-75
mob. +7 9278 015 333
mob. +7 917 621 4444
director@testgen.ru
www.testgen.ru




Dr. Yuriy Danilovsky.

- 1985
- 1992

70

, LG
TRIZ

h (11

300



GEN3 PARTNERS

REA
www.gen3.co.Kr/

WWW.triz—=solver.com

Methods of search for new areas
of application of technologies

Yu.Danilovsky (Gen 3 Korea), S.lkovenko (MIT)

Any university developments need monetization through the use in
industry.

Any companies are interested in obtainment of new selling markets
for their products (materials, processes, design solutions and
servicing).

All this could be achieved on the platform of TRIZ approaches. Here
are examples.



G=N3 PARTNERS

REA
www.gend.co.kr/
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Methods of search for new areas
of application of technologies

Yu.Danilovsky (Gen 3 Korea), S.lkovenko (MIT)

Any university developments need monetization through the use in
industry.

Any companies are interested in obtainment of new selling markets
for their products (materials, processes, design solutions and
servicing).

All this could be achieved on the platform of TRIZ approaches. Here
are examples.



Scientific developments §
of the University 1

Patent offices |~

Industry

Large companies ‘/

Small business
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Startups
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Market N
of company X

« Any university developments need monetization through the use in industry.

« Any companies are interested in obtainment of new selling markets for their
products (materials, processes, design solutions and servicing).
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« THESE ARE CONVENTIONAL
FUNDAMENTAL CATEGORIES OF PHY A4,
ON WHICH TRIZ-CONSULTING ARE BASED.

(MATERIAL RESOURCES OF
ENGINEERING EVOLUTION)
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Disadvantage
as EC and PC

Information
FOS, DOS




materials, processes, design solutions

Language Language of
of parameters (Engineering)

functions

Language of Language of needs

disadvantages
(PC and EC)
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Skill of professional
invention of new designs

* For each of the
used description
languages there
are developed
reference
databases of
examples (cases),
which help to find
new areas of
application.
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BewecTtBa 42, MarHnTHbIF noTok (BeGep)
Md#icca (/) 43, MarH1THLIF noTok (Besep)
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MHAYKTHMBHOCTb (reHpu)
DnekTpUueckan NpoBoAMMOCTL (ghAmMenc) (siemens) (CMI(SHOM—1)

KdnwuyecTso BeuwecTsa ( MOsb)
MpoTHoCTL ( KIfM3)
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Resolving a PC — the temperature should be high and low through “harmonization”

Phys radiction
s 0@“‘”", easy example
o%%g°\* Surface in the glass of tea
ol must be warm, because | like
¢ warm tea, but glass of tee
must be cold, because war
surface of glass is d
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Separation of a compressed gas into a hot stream and a cold stream
= The vortex tube, also known as the Ranque-Hilsch
vortex tube, is a mechanical device that separates a
compressed gas into hot and cold streams.

®MN: Temneparypa aosmia 6bitb | 1.1.4. «BEUIECTBO M3 BHEWHEW
60NbL MAneHbkan cpeabl 6ecrnnartHo»

Heat insulation ————— .
Cool humidair—T 1 Evaporative cooler
Air duct to home Uses Heat of vaporization: 2257 '-";G

Cooling = 2140 BTU/kg evaporat{ ™
thmuunahsurbcr_- % ?L:

Blower motor — | —

(Phase vansitions)

Water distribution lines

Hot Dry Outdoor Air Hot Dry Outdoor Air

Wood wool evaporative pads ——— Blower

Overflow tube

Ball float valve_—fh
to Tap water.

=+—Wood woal evaporative pad|

Recirculating water pump
Water pump screein
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Image 1:@ypical steam-heated kettle
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Rebder vapor
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Transfer of solution <+

Similar function in different systems can be
a reason for transferring the solution from area 1 to are
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http://www.optometric.com/article.aspx?article=100541

Artificial material for eye

List of suppliers of substances
How Your Patients Will Benefit From the Latest Lens Technology
MARC R. BLOOMENSTEIN ©.D., F. A A Q. Scottsdale, Ariz.
http:/imvww. optometric.com/article. aspx?article=100541
Trademark (Producer)
ReZoom {Advanced Medical Optics)
Tetraflex (Lenstec)
Synchrony (Visiogen)
AcrySof ReSTOR (Alcon)
Crystalens 5-0 {(Eyeonics)
STAAR Toric (STAAR Surgical)
AcrySof Toric {(Alcon)
Verisyse (AMO)
Visian ICL {STAAR Surgical)
Tecnis (AMO)
AcrySof IQ (Alcon)
SofPort AC (Bausch & Lomb)
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The company manufactures
film for cable\s

t.looks for new sales markets

;conductive Tapes —[

Semi-conductive Tapes
(Conductor Shield

FUNCTIONS

Earthing of surfaces
(removal of charges)

Retain the water (hold

(Insulation Shield
Tapes

Non-conductive Tapes

water or air)

Increase of temperature
Vary the color

Move the gas

PARAMETERS,
which are
important for
using in other

fields Pl

Electric Evaporation
conductivity Moisture removal
(earfthing) Increase/Decrease
Resistance to surface

water

Resistance to
tearing

Elasticity
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Where is the function “heat” important? ( 4 and 7)

Where is th nction (remove water)important? (5 and 6)
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* Dielectric permeability
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Example of search for
new application areas
for TECHNICAL
VELVET

VELVET

Needs

* PARAMETERS | FUNCTIONS

* Hold field
- Add field

NpoO3pavHOCTb Su bSta nce *Reflect substance



NEEDS - amusements, creation of pictures on high-quality fabric
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mportant resource 17 good material for printing
Important resource 2 : porous material

\ (it can be some filter or system for collecting
D and holding some substances)
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EXPENSIVE WALLPAPER FOR RESTAURAI

[dea 3: Wallpapers for walls made of fab
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CONSTRUCTION FABRICS FOR WATER RETENTION
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Constructlon fabrics for stopping f|re
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Resources of human needs as a trend of needs integration: two needs can be
met in one technology...
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= NEW APPROACH TO WATER TREATMENT

=7 significant technological processes in 1 device E




FUNDAMENTAL PHYSICAL

INTERACTIONS
Particle-carrier ~ Radius of influence, ~  Relativeforce ~ Kind of the "charge”
m
graviton 0 1 Mass
boson 10" 107 weak isospin
photon 00 10* electric charge
gluon 10" 1* color charge
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What we mean when speaking about “water treatment™?

1) Wide variety of tasks purification potable water from impurities, undesirable from the point of
view of the final consumption of water. There may be both drinking and domestic water supply,
and the use of treated water for various processes in the industry.

2) Sterilization of potable water, i.e., elimination microorganisms from it. This problem is largely
closed with the previous one.

3) Tasks 1.2, but formulated for water recycling (swimming pools, cooling of equipment network,
premises heating, etc.).

4) Sewage treatment and disposal. Purification of domestic and industrial wastewater.

5) Restructuring of water in order to improve its characteristics in respect consumer health,
medical and economic purposes.

6) Targeted change in the properties of microorganisms suspended in water for "Electro-
biochemical mechanism of electro-adaptation of cells to stress,”" that accompany almost all

NEW APPROACH TO WATER TREATMENT E
7 significant technological processes in 1 device



NDERSTANDING OF THE MAIN

OF WATER ELECTROCONDITIO I

Modes of operation Purification of very polluted
of an electrosorption column industry sewages
from contaminants

C, mgi

I 3 & B - TETE
M Or, G, T, B, P, e, b, T, O, Mg, e |

arnd nifer o e ety
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Regenssation (washimg] of a columa
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More effective system ETT for regenerating wash of
electroconditioners “CASCADE”®

"F"




The main groups of physical and chemical factors
that are essential in carrying out the processes of
electrically controlled sorption

1. Distribution of the electric field and the currents in the working
chamber filled with the granular packing and purified water;

2. Interaction of water molecules and contaminants between
themselves and with the granular packing materials
in an external electric field;

3. Interaction between electric charges and the molecules of

water pollutants on electrodes and electrode regions.

'NEW APPROACH TO WATER TREATMENT E
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For understanding of scientific background
of water electrocondition

— —

Distribution of electrical field (red lines) on the edges of two plate electrodes (black lines):
blue lines — equipotential lines, white — lines of equal field intensity (from left to right 0,9; 0,7;
0,5 and 0,3 rate from the value in the middle of the space between electrodes)

e /

e
e |
A working chamber contains only two plane-parallel electrodes
(simplest case)
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For understanding of scientific background
of water electrocondition

— —

Electrical field distribution (red lines) at the edges of anodes
and cathodes (black lines): blue lines - equipotentials

;\ X %EI\

S

N
1

// // ] / /

A working chamber contains several plane-parallel electrodes
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—

Types of anodes Disadvantages

Anodes based on graphite Low mechanical strength of
graphite

Metal anodes (nickel, stainless

steel, iridium, platinum) High cost

Composite anodes (platinum group
metals or oxides of various metals High cost
MnO,, Co;0,, RO,, etc..)

- NEW APPROACH TO WATER TREATMENT
7 significant technological processes in 1 device




THE METHOD OF THERMAL DECOMPOSITION (PYROLYSIS)
OF RUTHENIUM SALTS

The surface appearance of the coating produced by thermal decomposition
(pyrolysis) ruthenium salts; a) exterior surface, and b) a cross section covering x1000.

Disadvantages of the method

Manual or mechanical "spread made" solution;
Multi-stage heat treatment process;
Low adhesion of the coating to the substrate;

A sufficiently high porosity of the coating;
Infringement of the mechanical integrity and reducing the corrosive properties

of the active coating at the pH> 4.5-5.0.

oo TP

NEW APPROACH TO WATER TREATMENT
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Exterior view of the active coating
agnetron deposition; 30% RuO, + 70%

Spectrum

Spectrum 1
Spectrum 2
Spectrum 3
Spectrum 4
Spectrum 5

Total,%

100.00
100.00
100.00
100.00
100.00
100,00
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Scientific background of water electrocondition

Electrosorption of microparticles on the granular beds, as the
theoretical analysis shows, essentially differ in cases highly and
slightly polarizable materials

Photomicrography on the left (enlargement x 500, the intensity of electrical field is 3000 V/m, acts from
left to right) illustrates the effect of considerable electrosorption of enteric bacillus cells on the granules
of ferroceramics T-10 000 (plant «Coulomb», Russia).

Photomicrography on the right (the same conditions) illustrates considerably less dipolephoretic
focusing of cells due to superposition of external electrical field on the granules of the porous glass,
trademark "Bio-Glass-500" (firm “Pharmacia”, Sweden)

NEW APPROACH TO WATER TREATMENT E
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The intensity of the electrosorption process depends on a
number of factors that must be considered in the synthesis of
technological schemes of water treatment, namely:

a) Strength of macroscopic electric field between electrodes and in other areas
of the working chamber electrosorption apparatus;
b) Local gradient of the field strength between the granules packing;
c) Mixed picture of the hydrodynamic forces in the packing;
d) Flow rate of water passing through the working chamber;
f) Effective height of packed bed;
g) Temperature and pH of the medium;
h) Initial concentration of the substances removed from the water and the ionic
strength (ion concentration) of the medium;
i) Composition of components contaminating the specimen water;
j) Electrical and biochemical properties of the microbial cells, which are present
in the water to be treated;
k) Ability of microbial cells present in the purified water, to change their surface
charge, depending on the concentration of the microorganisms and the strength
of an electric field.

NEW APPROACH TO WATER TREATMENT
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The curves of purification degree of the solution
from the microbe cells, depending on the packing
material and the intensity of the field

Purification rate,%
100

0 1 2 =
Cell concentration, billion/ml

Blue curves - E = 2000 V/m, brown - E = 1000 V/m, green - E = 500 V/m,
A - ceramics T-10000, ¢-quartz
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es of purification rate for susp
of bead size packing

Purification rate,%

100

0
0 10 20 30

Cell concentration, billion/ml

-10 000 E = 2000 V/m, A - granules of (
@ - granules of 1-2 mm.
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he purification rate of culture medium frc
according to the treatment time

Purification rate,%

30 45
Time elapsed, min

g — ceramics T -10 000, A E= 1000 B/m, ® E=2
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The rate of purification of water from the E.coli cells
depending on the rate of pumping

Purification rate,%

EW APPROACH TO WATER TREATMENT
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ELECTROCHEMICAL PROCESSES ON ELECTRODES OF
WATER CONDITIONERS “CASCADE”

EXAMPLES OF ACCOMPANYING OXIDIZING PROCESSES ON
ANODES OF ELECTROCONDITIONERS

Destruction of methylate: CH30H + 2H20 -6e —CO032- + 8H+
Destruction of carbamide: (NH2)2CO + H20 - 6e —N21 + CO21 + 6H+
Destruction of formaldehyde: HCHO + 2H20 - 4e—CO032- + 6H+
Destruction of phenol:

C6H50H + 160H- -16e - HO2CCH=CHCO2H (uyuc) + 2CO21+ 5H20
Conversionof cyanides into cyanates: CN- + 20H-- 2e —-CNO- + H20,

with further destruction of cyanates into gases and water:

2CNO-+ 40H-- 6e—2C021+ N21 + 2H20.

EXAMPLES OF REDUCTION PROCESSES ON CATHODES OF
ELECTROCONDITIONERS
Derivation of insoluble hydroxides of heavy metals:
Men+ + nOH- — Me(OH)n
Direct catalytic reduction of metals: Men++ e— Me®,
(for instance, Hg2+ + 2e —2Hg; Pb2+ + 2e — Pb)

NEW APPROACH TO WATER TREATMENT

7 significant technological processes in 1 device E E




Scientific background
of water electrocondition

Scientific basement based on the account of a complex
of the electrochemical and physical processes occuring
in working chambers of electroconditioners:
coagulation in the electric field, convertible sorption,
filtration, electrolysis, electroflotation, electrooxidation
and reduction of substances (including electrocatalytic
heterogeneous and liquid-phases processes).

The questions of electrocontrolled sorption of the
substances belong to the major ones in the theory of
water ectrocondition developed with participation of
author of this technology

_ EW APPROACH TO WATER TREATMENT
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Three basic situations depending on value redox-
potential are distinguished for natural waters:

Oxidative

IS characterized by values of ORP > + (100 - 150) mV, by
presence of free radicals in water, as well number of elements in
the highest form of their valence (Fe3+, Mo6+, As5-, V5+, U6+,
Srd4+, Cu2+, Pb2+). The situation is occured the most frequently in
surface water

Intermediate oxidative-reductive

is determined by value of ORP from 0 up to + 100 mV, unstable
geochemical mode and variable concentration of hydrogen sulphide
and oxygen. In these conditions both weak oxidation and weak
restoration of a lot of metals

Reductive

is characterized by values ORP <0. It is typical for underground
waters, where there are metals of low degrees of valence (Fe2 +,
Mn2 +, Mo4 +, V4 +, U4 +), and also hydrogen sulphide.

NEW APPROACH TO WATER TREATMENT E
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THE MAIN CONCLUSIONS CONCERNING ORP FROM THE
THEORETICAL ANALYSIS FOR PRACTICAL APPLICATION

* ORP of internal medium of the human persons has negative values
(app. from-100 up to-200 mV).

* ORP of potable (tap) water practically always has positive values
(more often from +100 up to +400 mV.

* Processing of water by electroconditioners " CASCADE" allows
to reduce ORP to biologically favourable values.

* Use of the water after processing in electroconditioners "CASCADE *
for drinking and water procedures is expedient to slow down
processes of oxidizing destruction and premature senescence of an
organism.

EW APPROACH TO WATER TREATMENT
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b Ne1 of life-giving power of vitali

‘Brairds of peas (50th day) were watered and sﬁ T/ed by various water in
completely identical modes:
E

In a yellow_ditch (control/ In a blue ditch (exgerim#tl:
processing by tap water processing by vitalized water 1117 1L 7]

with redox potential 350-400 mV;  with redox potential 100- 155):1v
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ation Ne2 of life-giving power of vitalized

Brairds of viola red (56th day) were watered and sprayed by
various water in completely identical mocf

p w
B > -Vl

n a yellow ditch (control):
processing by tap water with /

rocessing by vitalized water with
redox potential 350-400 mV; ‘

dox potential 100-150mV |

A -

\‘\ga blue ditch (experiment):

200y
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What else can vitalized water do?

Live blood analysis with dark field microscopy offers the unique ability to view the blood in real time.
Trained professionals are able to note the presence of conditions in the blood that contribute to
sickness and disease.

One of the most common conditions found during live blood analysis is stickiness (Rouleau) of the red
blood cells — left photo. This creates sluggishness in both the circulatory and lymph systems and
inhibits both nutrient and oxygen uptake, as well as the elimination of cellular wastes.

Live blood analysis illustrates the rapid reduction in clumping of the red blood cells, (representing the
capacity for greater oxygen uptake and more efficient nutrient utilization) following the consumption of
vitalized water —right photo.
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What else can vitalized water do?

BEFORE

Photos made by Kirlian camera show that the energy radiating from the
fingertip of a healthy individual before and after drinking

one glass of vitalized water.
Kirlian Photography is a process that uses high frequencies and electron streams to take
pictures of the invisible radiating energy fields that surrounds all living things.

" NEWAPPROACH TO WATER TREATMENT
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The scheme of the main experimental setup

1-case, 2.3-electrode chamber, 4.5-
electrodes, 6-the working chamber, 7-
semipermeable membrane, 8-porous pads,
9,10-sorbent pellets and filters (in the case of
a flow-through culturing of microbial cells),
11-pump for pumping buffer solution through
the electrode chambers, 12—nutrient medium
tank, 13-pump for pumping the culture
medium through the working chamber, 14-
compressor for culture medium aeration,
17,18-optical detectors,

19.20,21- conductometric detectors, etc.,

22, - a vessel for the medium collection

NEW APPROACH TO WATER TREATMENT
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Experiments for following ascertainment:
“Can we talk about something like an action
mechanisms of electrical and thermal treatment
factors (thermal shock proteins)”?

Table 1

Survival rate of cells(%) obtained after

The type of effect thermal shock c_lehydlfahon(drylnog

in a thin layer, 40°)
Electrotreatment 3,3%0,3 3,6%0,4
Resuspending in EF-factor containing supernatant 2,410,2 4,5%0,6
Res_uspending in supernatant 2f native culture 1,240 1 1,3+0 1

subjected to thermal shock (50°)

E’eggospendmg in supernatant of native culture heated 1,4+0,1 2.0+0.2
E)eggospendmg in supernatant of native culture heated 1,6+0,2 2.5+0.3




) E. Coli - M17 cells

of DDS on cells before (1) anc
electric field treatment
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Conductograms for survival of hyperosmotic shock
(1M solution of L-arabinose) by microbial cells of
different taxonomic groups before and after the

electric treatment

Sl Cor

“h fr=——— a-E.coli
V 6 - S.marcescens
ol e - Micrococcus Lysodeikticus
- # 2 - Arthrobacter sp.
o & -
arl- O- Experimental points before
PN S—— 2 the electric treatment of cells
iy & v- Experimental points after
WD S the electric treatment of cells
Ve 75 - 3
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EXPERIMENTS WITH ELECTROCONDITION OF AQUEOUS

MEDIUMS HAVE DEMONSTRATED:
as against filters of other types, electroconditioners will manage with
physiologically important problems of water quality which are not being
solved at usual technologies purification

» will allow to correct composition of potable water bearing in mind the majority of the
normalized chemical parameters, which may be checked objectively, and the
characteristics which are usually being perceived subjectively and not measured by
analytical instruments;

» will provide stability of a complex of quality characteristics of water at a level of
recommended sanitary norms under various seasonal conditions, sudden emergency
deterioration of a condition of water sources or pipelines;

» will improve structural characteristics of water (due to the local electric influences),
having provided higher availability of water molecules to use by cells of the most
various biological tissues, i.e. the best biocompatibility of water with various organic
structures; will decrease redox- potential of water and as a result its bioenergetic,
metabolic and immune properties will be improved as well as condition of human
internal, integument, mucous membranes, joints and hair. Development of normal
microflora of a human body will be stimulated and negative consequences of a
disbacteriosis will be reduced;

« will raise the productivity of a number of biotechnological processes
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dels of water electocondition
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System of water-preparation on the basis of
electroconditioners "Cascade“® for industrial objects
in Saint-Petersburg
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Ideological credo of electrically controlled
sorption (water electrocondition)

Processes of cleaning should remove from water
everything superfluous: harmful contamination, in particular,
substances, harmful and alien to a human organism
(xenobiotics) and keep all that is useful and not harmful.
And there should not be replaceable
working elements in devices.

it is provided only short-term periodic wash
of sludge, which is formed in work processes,
but does not worsen of treating water quality
but only straiten its flux
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Introduction

Optical materials (spectral convertors) exhibit the phenomenon of luminescence
(fluorescence, phosphorescence), i.e. they emit the light when exposed to radiation.

ANT
N T AN T Excited States

= .~
| +
Sl KB A *ﬁ': e Iﬁ?
= BN

N/ - Ground vibrational

N/ N = States

Rayleigh Stokes Raman Anti-Stokes
Raman



Introduction

Application areas of bulk optical materials

electron

cathode beam
accelerating .
anodes il
A W e |
focusT = ;'|
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deflection

coils
phosphorescent
screen



Introduction

Quantum Dots — Semiconductor Nanoparticles
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Spectral Characteristics of Quantum Dots

" _ o B Disadvantages of Quantum Dots

Quantum Dorts £ | 250 Iam Soen | L &nm
Size dependent f
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= Very high cost of fabrication
= Hard to control size distribution

§ » Chemical wastes
é' = [ .ow output
» High degradation rate
e = — | » Limited application area

‘Wavelength (nm)

4 = Toxicity



Introduction

Phosphor Nanoparticles

Advantages of Phosphor Nanoparticles
compare to Quantum Dots

= Low cost of fabrication

= Easy to control size distribution
= Green product

= High output

= Extremely low degradation rate
= Broad application area

= Lower toxicity
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New application areas of phosphor nanoparticles
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Fingerprint detection UV & IR emission detection

Fluorescent cell imaging




Introduction

New application areas of phosphor nanoparticles
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New application areas of phosphor nanoparticles
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Introduction

New application areas of phosphor nanoparticles
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Silica (Silicon dioxide) is a potential biocompatible material for biomedical applications, because
it is a cheap, chemically inert material whose surface can be easily modified.

Sio,

Silica is manufactured in several forms including quartz,
crystal, colloidal silica, silica gel, aerogel, etc.

= Oxygen atom

&

l © - sconcom
@

Colloidal silica is suspension of fine amorphous and
typically spherical particles in a liquid phase.

Stober process (1968)

Solvent, time, temperature, etc.

W. Stober et al. J Colloid Interface Sci 26 (1968) 62-69



Introduction

Nowadays, organic dyes and quantum dots (QD) have been widely utilized for detection of tumor cells using the
principle of fluorescence.

Drawback:

* high cost = Jow cost

» broad spectral features = biocompatible
= decomposition = stable

* photo bleaching = controllable

= toxicity

Dye-embedded silica nanoparticles

» Easy to fabricate
» Controllable size range

» Controllable luminescent properties
> Stable
» Biocompatible



Experimental part

Counts (a. u.)

Full Scale 861 cts Cursor: 0.000 keV keV|

FESEM image (a) and EDX spectra (b) of
synthesized fluorescein-embedded silica particles

T.S. Atabaev et al./ BioNanoScience 3 (2013) 132-136
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T ¥ T
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0kV 12.4mm x100k SE(U) ) XPS depth profile analysis of dye-embedded silica particles
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= Emission (A_= 492 nm)

Relative Intensity (a. u.)
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PL excitation and emission spectra of
fluorescein-embedded silica particles



Experimental part
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Relative cell viability (% of control)
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1

Concentration (ppm)

Cytotoxicity profiles of fluorescein-embedded silica
particles. Relative cell viability of L-929 cells
exposed for 24 h to increasing concentrations
(0~500 ppm) of particles was evaluated using the
WST-8 assay.

T.S. Atabaev et al./ BioNanoScience 3 (2013) 132-136

14

Fluorescence micrographs of L-929 cells treated with 50 ppm
of dyeembedded SiO2 particles for 1 h, followed by cell
nuclei counterstaining with 10 pmol/L DAPI. (a) Phase
contrast image of the cells co-labeled with the particles and
DAPI. (b), ©Fluorescence images of the cells collected at
Aexc=450 nm (green from the composites) and Aexc=350 nm
(blue, from DAPI), respectively. (d) Merged image of (b) and
(c). All photographs shown in this figure are representative of
six independent experiments with similar results
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15

Multifunctionality

» Magnetic properties
» Optical properties

» Mesoporous structure

T.S. Atabaev et al. / Nanotechnology 24 (2013) 345603
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-60

Magnetic hysteresis loop at 300 K of synthesized bare Fe;O, NPs and Fe;0,@Si0O, composites. Inset the
digital images of (a) Fe;O,@S10, composites dispersed in water under excitation of commercially available
365 nm UV lamp, (b) Fe;0,@S10, composites attracted by a magnet under excitation of UV lamp.

H (Oe)

T.S. Atabaev et al. / Nanotechnology 24 (2013) 345603
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= Fabrication methods of phosphor and silica nanoparticles are presented
= Approach presented in this study can be extended to other optical systems
= More study and experiments will be needed to improve the biocompatibility of the samples
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Using TRIZ at the stage o
transition from laboratory
technology to mass production
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What is TRIZ?

TEOPUA PELLEHUA U3OBPETATENIbCKUX 3AAAY
(Teoria Reshenia Izobretatelskikh Zadach)

Theory of Inventive Problem Solving (TIPS)
Pronounced: treez

Solutions suggested on how
similar problems resolved in
other industries, sciences
& technologies

TRIZ tool
How do we use "General ﬁ "General
.. Problem wSolUliOnS

4

TRIZ to solve
problems? Higher level of

abstraction

................. Focus creativity
HIB K l down multiple
RERARARAS solution paths
Mcichlona ) Lootoney | lusclione
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Mathematical introduction of TRIZ process

Graphical introductions of optimization and TRIZ
4 F,G processes tG, F

fixd) gix2)

g’(xs) f’(x3)

g(x1)¢

fix2)

x1 x3 x2
If anyone tries to find point - x3 c[x1, x2] — then it isn’t TRIZ way!!!
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Why TRIZ “was born” in Russia




TRIZ in SOUTH KOREA
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Why TRIZ is so needed in Korea?

E Korean import j

|- —in coyalties _ — — -
- —abeut $3.0Blp - -1

B - -1
[ -1
[ -1
[ -1
[ -1
[ -1
[ -1
[ -1
[ -1

Korean export
in royalties
about 50.2 Bin

]

“Korean businesses earned record-high royalties from
technology exports last year, according to the Korea
Industrial Technology Association (KITA) Monday. KITA
said its survey of royalty revenues for last year showed
that Korean firms earned a total of USS$S193 million, a
36.8% jump over US$141 million in 1998. Last year's
amount was the highest ever since such statistics first
started being kept in 1978. The technologies that
brought in the largest amount - to the tune of US$70
million - were Samsung SDI's Braun tube manufacturing
technology for color TV sets and manufacturing
technology for electronic scanning guns. The main
markets for these technologies were China and
Malaysia.

By region, royalties from China amounted to US$94.6
million, royalties from Southeast Asia came to US$40.3
million and royalties from the U.S. totaled US$17.2
million”

Source: Korea Industrial Technology
Association (KITA), 1999 6
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How to find a needle in haymow?

How to find a needle in haymow?

In Russian — “to find a needle in
haymow” means absolutely hopeless
busy or loss of time.
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How to find a needle in haymow?

Magnetiil
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How to find a needle in haymow?
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How to find a needle in haymow?

EDISON

Tomas Edison
(1847-1931)

Don’t loss a time — do it!!!
Straw by straw...

10



Why TRIZ is so useful now? =3 EE

1< T1>> J2>>T

v

Each new-generation system has shorter
“life-time” . So we are very restricted in
time for doing improvements

11
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>>T.

Why TRIZ is so useful W@W?H GNB

9
T‘ T1>>
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N
> W 1847-1987

CRT

\ ;L'-i :{: Fluorescent © _

=% b T lamp |

Filament lamp 1938-.... 3
12

1880-2010



How can we treat

How can.we deliver the OBJECT to

the required energy to .\

the TOOL? transform it into

€ ; PRODUCT?
;‘echnical H TOOL What we would
ystem like to have?

Energy
source

” OBJECT

What element
has minimal
difference from
PRODUCT?

What energy source
can be used for TS?

13
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Motivation for new Product/Technology appearance

P
A Demand2
P2 . -
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KOREA
Model of a Technical System
Tool
E---*Engme |—> Transmission ‘ S 1 @
:Energy :—---- Control Unit p———————t--------- - -
souree |

Technical System

_______________________

1. Law of Technical System Completeness
2. Law of throughout Energy Conductivity
3. Law of Rhythm Coordination

15
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Example: Digital Piano KOREA
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Example: Digital Piano KOREA

Power of pushing the piano key and sound level does not match accurately.

Rubber

Carbon contact

Three bars push the rubber and
it touches the PCB and the
electricity flows

The time difference between 15t
contact and 2" contact decides Switch S
the sound level.

Lock pin
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Example: Digital Piano KOREA

FOS: Speed Camera

Trend of Engineering System Evolution

Bwn BT
L B B
spgely) e _ @

r

Existing system use
mechanical contacts

“. -
" i b
sefsarl
%
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MAIT

Mechanical, Acoustic, Thermal, Chemical,

(

il

Electrical, Magnet



G=N3 PARTNERS

Digital Piano Example KOREA
= Proposed Solution
Induced signal To key
f Similar to voice coil
4  &-va .Lgl—J
5 =const [_ I
| Plastic rod
g T v Metal (magnetic) ring
AL =
V- velocity

A - acceleration

Single-turn coil

» Not affected by any change in rubber, dust, PCB etc.
» The number of parts are reduced.
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WASTE UTILIZATION

Glass production manufactoryv

AvanStrate, 4.7%

Corning, 19.2%
Mippon Electric
Glass, 19.5%

Samsung Corning Precision
Materials Co., Ltd.

Samsung Corning
Precision Materials,
Asahi Glass Co., s

27.5%
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Boric anhydride

L | ¢

Powder B203




South Korea: 32% of world C-'3 oria

sea-crafts production
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http:ffkorabli.ucoz.ruf
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of competitor’s patent

shuttle service-
Patent of competitor

Dram rotation-
Patent of competitor

Avoiding

Dram shuttle service+ rotation
Samsung Patent




HF& 2] 2f| L[ OF 4
Vasily Lenyashin  leniachinel@mail.ru
Bacnnunin leHawwnH -82-10-9080-7110

G=N3 PARTNERS

KOREA



Theme 2.



SUE A AY
Technology Commercialization




Overview
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Background
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Goal & Strategy
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Dr. Oleg Olshansky.
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“INDUSTRIAL RESEARCH and
DEVELOPMENT” LLC

Russia, Volgograd, Myasnikov str. 41
Tel: 8-(844)2-707040, 740652 fax: 8-(844)2-38-11-12
http://pir34.ru/tom-3000/tom-3000 e-mail: pir34@mail.ru

«TOM-3000»
Ozone Testing in the Rubber Industry

Method and Equipment for express-estimation of
ozone-resisting of reinforced and not reinforced
vulcanizates in flatly strained state, under UV-
irradiation and without it.

Equipment for determination of effectiveness of
stabilizers and antiozonants for elastomeric
compositions.
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Main advantages of
«TOM-3000»

Express-estimation of ozone-resisting of
reinforced and not reinforced vulcanizates
under different biaxial flatly strained state.

Proximate analysis of ozone-resisting under
UV 1rradiation and without it.

.......

Express determination of the standard TN 3000 1 destened forrapa
description of material —Young's modulus; eshtsnss of rutber

- = - B
Tearing test under condition of flatly strained Cooision, i earaion of e
state; o

Themasine rapid method is 5§ - 15

All listed kinds of tests under simultaneous
action of different aggressive factors
(electromagnetic and other penetrating
irradiations; liquid, gaseous and dusty e

oxidants); IS e
Possibility of execution of all listed kinds of oy -
tests under different temperatures, both

constant, and varying under a law adjusted
beforehand,; o

Exposure to ozone absorption

Scientifically justified mathematical instrument e
of processing of obtained results allows to
determine range of additional indexes of
ozone-resisting, including constants of speeds
of processes, passing under ozone destruction O redincion

of rubbers. . >




Method and Equipment for express-
estimation of ozone-resisting of reinforced
and not reinforced vulcanizates in flatly
strained state, under UV-irradiation and
without it.
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Main technologic advantages
of «TOM-3000>

O O

Optimization possibility of rubber mixture by test results of
samples on «TOM-3000», by input control of ingredients.

Research possibilities of samples of vulcanized, reinforced
by cord;

Analysis of influence of capillary modifiers, that facilitate
increase of operating characteristics, influence of
preliminary effects on vulcanized;

Equipment 1s fully automatized;

It allows to keep tests results both 1n electronic and
documental forms of test reports, that could be included to
the history of making product process.



General methodology of
elastomers tests

[1 Disadvantage - generally tests are making
under monoaxial strained state,
while during exploitation in elastomers
generally biaxial states works

Equipment «TOM-3000>» tests
rubber samples under biaxial flat
strained state




Essence and disadvantages of test
methods of ozone-resistance with

GOST, ISO
0  Time aetermination Be?ore ?ormation of first break with existent

GOST and ISO - is 100% subjective factor

[0 Time determination before first break of sample with existent
GOST and ISO - does not allow to register vulcanizate’s
characteristic behavior during tests

[0 Hardware-controlled tools registering test results are absent on
existent equipment for tests with active GOST and ISO.

[0  Full process automation of test on the equipment «TOM-
3000» and scientifically justified mathematical unit of
processing received results allow to register test process
and determine all necessary indexes of active GOST and ISO,
and also to find row of additional characteristics of ozone-
resistance of composite materials (including reinforced),
such as processes speed constants, leading under ozone
d:hstruction of rubbers , composite destruction speed and
others.
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Equipment's result of

research
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Using equipment’s results you
can find:

Youngs modulus for composite material
Physical relaxation strain material time
Time before formation of first breaks in material

Absorbed ozone quantity before formation of first
breaks (index for durability calculation)

Material durability under ozone action

Dependence of strain changing in sample on absorbed
ozone quantity (dynamics of sample’s destruction)

Absorbed ozone quantity during sample’s destruction
Time before destruction

Time of destruction

10. Process speed constant

11. Sample’s destruction speed

12. Critical index of material

o e bk Afibsf i fl it




Not reinforced samples after tests

50 51 52




Reinforced samples after tests

51 52

Yenosust ozonnposanus: P = 50 kPa, Q=181/4, [O |= 12 mr/n

Terms of ozonated: P= 50 KPa, Q= 18L/h, O:= 12 mg/I.



Chemical relaxation of strains under
ozone action
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Absorbed ozone quantity
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Effective speed constants during
tests

JHaveHue 3QQeKTMEHDN KOHCTAHTEl CKOPOCTH NOFNOWEeHHA 020Ha obpazyom

1 BOE+HI

1 ADE+HDZ ¥

1 20E+H)2

1 00E-+D2

7 800401

b OOE+HI

4 D0EHI1

2 00EHN

000E+00

100

Bpema, c

——AR0 —m— AR —— A5




Main view of equipment and main
screen of special soft
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«Industrial researches and
engineering» ltd. co

Main company’s directions of activity are:

- Engineering, designing and manufacturing of new
research equipment for rubber composites tests, and
also characteristics of ingredients for polymeric
compounds;

- Engineering additional technological equipment;

- Researches of inside isolation tank equipment,
working with aggressive agents.



Our partners

Volgograd state technical university 50/’;5
departments: G‘ym
- Base and inorganic chemistry,

- Technology of high molecular and fibrous materials

- Chemical and technology of processing of
elastomeric materials

“"ContrAvt” Itd., Nizhniy Novgorod
i, KoHTPABT

“"Elemer” Itd., Moscow

(S ISAEMER




“INDUSTRIAL RESEARCH and DEVELOPMENT” LLC

OO0 Oleg O. Tuzhikov,

O Mobile phone: +7-927-254-45-81
d.ph., docent, VSTU
General director

LLC Industrial research and development
O Stanislav V. Mednikov, Oleg
d.ph., docent, VSTU Olshansky
Technical director Head Deiiﬂzﬁ%
Commercialization R&D &
O Oleg V. Olshansky, — e wTﬁ ——
O  Mo,ile phone +79023644841 ”’“b”mw 4ff,ﬁa§wkawast.

main scientist
Co-Director. Head Department of Commercialization R&D

Address: Russia, Volgograd, Myasnikov str. 41
Tel: 8-(844)2-707040, fax: 8-(844)2-38-11-12

http://pir34.ru  e-mail: pir34@mail.ru



Dr. Leonid Chechurin.

CAD/CAM/CAE,
(TRIZ ).

50
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Key Product Design
Technologies: Big Data
Search, TRIZ, Physics, CAD

Leonid S. Chechurin

St.Petersburg State Polytechnical University (Russia),
Principal Researcher

Lappeenranta University of Technology (Finland), Professor

KOREA-RUSSIA Industrial Hi-Tech Forum 2014
Seoul. Nov 11, 2014



St.Petersburg State Polytechnical University =~ www.spbstu.ru

gy e === EE |
20.000 students Points of excellence

. 1. Engineering, esp. machine-building, construction
2000 professors, instructors and researchers 2. Computer Science (coding, algorithms)
3 Nobel Prize Winners (thSiCS), one is acting 3. SPCI':Zilzz)and Chemistry (Solid state, radio, material
Lappeenranta University of Technology www.lut.fi

e
S
W g F

s ‘

Ari Nalasi /e Karjalan Kivapaldd 2

7000 StUdentS Points of excellence

. 1. Business, Management
1000 professors, instructors and researchers 2. Energy, Environment

One of 300 world best universities in THE ranking > Froauctoesten

2/19



Leonid.Chechurin@lut.fi

1993 Graduated from Physics and Mechanics Dept. of SPbSPU

1997, 2010 PhD, Doctor of Science degrees in System Theory at
SPbSPU

1998-1999 invited Professor at Kum-Oh National University of
Technology, South Korea

1999-2001 TRIZ consultant at Samsung Monitor Company (Seoul,
South Korea)

2001 — 2012 Head of Innovatics Theory Dept. of SPbSPU

2005 - 2006 Engineer for Design Engineering Group at
LG Electronics Production Engineering Research Institute

(Osan, South Korea)

2007- 2011 TRIZ consultant at Algorithm (Gen3 Partners, Inc.)
company (supplier for GE, Siemens, Wrigley, BAT, MC,...),
part-time

2011 Sept-Nov Research Fellowship at Politecnico di Milano (Italy)

2012 — 2014 Principal Engineer for Samsung Electronics
(South Korea)

2014  Principal Researcher for SPbSPU and Professor at
Lappeenranta University of Technology

3/19



Product Design Roadmap

Business Industrial management

Engineering Manufacturing

Idea
generation tools

) Idea verification,
Market analysis tools

Decision
optimization tools

making tools

QFD

data analysis,
artificial

Axiomatic
Design
Intelli . .
e e Basic sciences, e
. . Hierarchy
Theory of Case -~ Simulatio ns, Process
Constrains re::;f‘?ng Gzetiy

Experiments,
Engineering feasibility
assessment methods,

Optimization

Six Sigma

...and its popular Instruments

4/19



Product Design Roadmap
and Key bottlenecks

Conceptual . .
Search Detail Design

1. How to search for information/ideas

(better than by keywords)? — Big Data, Semantic Search (20%)
2. How to generate new ideas? — TRIZ, DFx, Axiomatic Design (10%)
3. How to prove that the new idea works? — Physics+CAD/CAM/CAE (70%)

New
product/
technology
request

5/19



1. Searching better Idea Search

Questions of data gathering:
- Bring me all patents (papers, info...) on the subject of the problem

- Remove all the noise

Simple questions of technology intelligence: (\%@of‘\’;
- Who (else) is working on the problem? e(&f:::@sm

- What the competitors are doing? ) goé‘:i:ﬁ:‘e

- Whois the most active developer in the field? /‘\z\%‘:izé&&

- Who is cooperating with whom? What are project teams?

ve
. . . 2
Hard questions of technology intelligence: o
S -c‘?'*
R
- Extract the concepts out of the texts & o
z°’\‘ 6‘0\\ 6{\"\0&
- Cluster the information pool according to (concepts...) f,o<(\§,e‘?.’9,‘,,\‘?o°
. .. o
- Find similar technology o

Generate new idea, hypothesis, axiom...

6/19



Patent Landscaping: Example

Technology Landscape: HCV inhibitors
Matrix: Top 4 Major Assignees vs. Priority Year of patent filing

What are the key concepts clusters for the problem? Patent (paper)
clustering: TITLE-ABSTRACT key term extraction

®BOEHRINGER INGELHEIM
mBRISTOL MYERS SQUIBB COMPANY

OISTITUTO DI RICERCHE DI BIOLOGIA
MOLECOLARE P ANGELETTI SPA
OCHIRON CORPORATION

What research has Kosan done recently and what may they have
abandoned?
Mechanism of Action vs Priority Year

-~ =" = Cloud of words stay for a concept

[T —

e What patents are similar? Patent (paper) clustering: bibliography similarity
2 Motin Agonsts.
prrinsas test v
» Tiulin Polymusization " bracggncs;
— n sl
e - o g
e
1227 ogg |9Wm' —— u @i 2 c:‘:_ ]‘N .
2202 2008 e 0% e m-.nn;la:&:o -?aiua:z-

Competitor Patents Landscape
What are Kosan’s research teams? R
Inventor Auto-Correlation Map sl P

s
"%z, Cloud of patents stay
a7 for g similar background

]

Enhancing Patent Landscape Analysis with Visualization Output. May 6, 2009
Yun Yun Yang* et al. Bristol-Myers Squibb 7/19



Commercially available tools for automated
patent/paper text processing [ref]

Group 1 can work on the unstructured text:
* ClearForest
Goldfire InnovatorTM

* Inxight

*  OmniViz

* TEMIS

Group 2 can work on structured text only:
*  QuosaTM

* RefVizTM

* STNAnaVistTM

* VantagePoint

*  Thomson Data Analyzer

Group 3 can work on patents only or partially structured text (“hybrid”) data:
* Aureka

e  M-CAM DoorsTM

*  Wisdomain

*  PatAnalystTM

[ref] «Text mining and visualization tools — Impressions of emerging capabilities». YunYun Yang et
al. World Patent Information 30 (2008) 280-293



1. Searching better Idea Search

£

”»- Problen)
<

How to stabilize gondola swings?

Document(s) found:

9/19



Nearest Future?

Yet a (my) DREAIVI: semantic idea search

How to stabilize gondola swings?

From IDEA SEARCH to IDEA GENERATION 10/19



2. Tools for Conceptual Design
(Ideation)

TRIZ, the Theory for Inventive Problem Solving

Axiomatic Design

Design for Manufacturing and Assembly
Design for Robustness

Design for Environment

Morphology based design, Topology optimization and Evolutionary Design Algorithms

Artificial intelligence methods based on data processing (literature-based discovery)

11/19



3. Physics and CAD/CAM/CAE

Product Design

D  Drawing
(Product)

M

simu
(kine

— Drawing

product ~ (EQuipment)
Data

Manufacturing Process Design (Physical)

M
sim
(kin

-
Product/Process

Data

Manufacturing Process Design (Operational)

Enterprise

Operation

Some of computer-aided technologies
Computer-aided architectural design (CAAD)
Computer-aided design and drafting (CADD)

Computer-aided industrial design (CAD)

Computer-aided engineering (CAE);
Computer-aided manufacturing capability (CAMC);

Computer-aided manufacturing (CAM);

Computer-aided material information (CAMI);
Computer-aided package selection (CAPS);
Computer-aided process planning (CAPP)
Computer-aided software engineering (CASE);
Component information system (CIS);
Coordinate measurement (CMM);

Electronic design automation (EDA);

Enterprise resource planning (ERP);

Manufacturing Process Management (MPM)
Manufacturing process planning (MPP);

Manufacturing resource planning (MRP);

Product data management (PDM)

Product lifecycle management (PLM)

Reverse engineering (RE)

12/19



Computer Aided Design
for Architectural, Engineering and Construction

Compass
(integrated to SolidWorks)

AutoCAD SolidWorks CATIA ANSYS

; .
H i 5
-u - 3
5 e T T LY R L
i
e
&
5
»
i
-
ol
7
4
3
5
= A &
- i
A ;
)

Drawings, 3D models, Component databases, Component Simulation of kinematics and dynamics of the
parameterization, Integration with manufacturing tools (CAM) (e.g. product and its manufacturing process. Virtual
control code generation for the machine or 3D printer), «product manufacturing.

tree» etc.) 13/19



Case Study 1: SPbSPU-0]| L &1 (Z=)
COO p e rat| on http://www.energyn.com/

Wind Turbine and Artificial Diamond Process Preliminary Study Agreement

This agreement, made 2012/04/12 by and between SPbSPU (referred as University hereafter)
located at 29, Polytechnicheskaya street Saint-Petersburg 195251, Russia and ENERGYN Inc.

f(referred as Company hereafter) located at 145B 9L, 714-4 Gojang dong,Nam dong Gu, Incheon,
orea....



Cross-section shape optimization and

expected power evaluation

0 tail 100 tail 500 tail

-’//

Torque (H*m)

300
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Angle of rotation (radians)

Outputs:

1. Tail length optimization

2. Angle optimization

3. Evaluation of torque for
various wind speeds

Resources

1 post-graduate student +
ANSYS

15/19



Case Study 2. Example of Conceptual Design
+ Engineering

16/19



TRIZ Contradiction Analysis

- Should be strong to prove complete
closing

- should be weak to open door easily

About 30% opening force reduction

17/19



Conclusions

Possible product design elements to be outsourced
from Russia

Conceptual . .
Search Detail Design

1. Information (patent, scientific papers,
networking) search, analysis

2. TRIZ and other conceptual design tools

3. Physics, Material Science, Product visualization
and simulation, CAD/CAM/CAE, Detail Design.
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With whom to co-operate?

1. Individual researchers (from post-grad to professor level)

2. Labs and Departments at SPbSPU or LUT

3. Spin-off companies and start-ups at univerisity’s business incubator
4. ..Your suggestion?

How to cooperate?

1. Master Degree/PhD thesis on the subject of interest for Korean partner.

2. Short research visit/on spot practical placements/training of Russian or Korean
representatives in Korea or Russia.

Example: Winter and Summer Schools for TRIZ at Lappeenranta University or SPbSPU.

3. Join proposal on R&D for finanicing from Russian and Korean authorities.

Example: Urgent call for proposals from Russian Federal Targeted Progamme for join

Research. Subject: Nanostructured coatings of ordered arrays of metallic and

dielectric nanoantennas for more efficient solar panel. Amount: 200.000USD from

Russian side in case of equal financing from Korean side. Deadline: 20 NOV 2014.

4. ..Your suggestion?
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Dr. German Andreev.

"Eurotex Russia" R&D










THE MAIN IDEAS OF WATER ELECTROCONDITION

The basic groups of the physical and chemical

Modes of operation

phenomena at electrosorption: of an electrosorption column
1. Electrical field and current distribution in the working ko ; 3
chamber, which is filled with dispersion parcking and _:ﬂ_t schrical ek _:Tr[ Eleciical e
purified water; 1]
2. Interaction between pollutants, which are contained in g |
water, and materials of dispersion packing =3

. q + - BN

3. Interaction between electrical charges and _ "E}.
molecules of water pollutants on electrodes and in next I+ e = @ 5
to electrode space - -3 “

Ideological credo of water electrocondition A
With HCASCADE” devices_ Purification of water Regemsration (washing] of a column
Processes of cleaning should remove from water everything, that harmful and alien
to a human organism (xenobiotics) and keep all that is useful not harmful. And there
should not be replaceable working elements in devices.

It is provided only short-term periodic wash of sludge, which is formed in work
processes, but does not worsen of treating water quality but only straiten its flux



Patented by the EET in 20 economically advanced countries,
devices personify achievements of modern physics,
chemistry, electronics and biology

Devices with "electrochemical intelligence” -
electroconditioners of water are intended
for complex water treatment:
revitalizing + cleaning from all kinds of pollutions
will protect your health, sanitary and water-heating
equipment in your house, and will create necessary
conditions for effective work of your enterprise






As against filters of other types, electroconditioners will manage
with physiologically important problems of water quality
which are not being solved at usual technologies purification,

Namely:

e will allow to correct composition of potable water bearing in mind the majority of the
normalized chemical parameters, which may be checked objectively, and the
characteristics which are usually being perceived subjectively and not measured by
analytical instruments;

e will provide stability of a complex of quality characteristics of water at a level of
recommended sanitary norms under various seasonal conditions, sudden emergency

deterioration of a condition of water sources or pipelines;

e will improve structural characteristics of water (due to the local electric influences),
having provided higher availability of water molecules to use by cells of the most
various biological tissues, i.e. the best biocompatibility of water with various organic
structures; will decrease redox- potential of water and as a result its bioenergy,
metabolic and immune properties will be improved as well as condition of human
internal, integument, mucous membranes, joints and hair. Development of normal
microflora of a human body will be stimulated and negative consequences of a

disbacteriosis will be reduced






Electroconditioners have different models and are capable:

e to guarantee purification of water from all kinds of microparticles:

bacteria, viruses, the elementary organisms (together with products of their
metabolism), particles of humus and minerals, oil and lubricants;

e to clear water of such toxic mineral and organic components as ions of
heavy metals, phosphates, sulfides, nitrites, cyanide mercaptans,
phenols, toluene, unhealthy anions and cations);

e to provide individual and shared swimming pools with turnaround
water of the highest quality in which there are no such toxic and
allergenic components as compounds of chlorine, ozone, peroxide of
hydrogen, and also coagulants and flocculants nosbiweHHbIN - the
water having more high cleanliness and regenerative ability



Pledge of long effective work of devices
is the opportunity
of periodic regeneration of their fillings
and electrode systems

Electroconditioners “CASCADE”® only are
able to ensure cleaning of

from many various impurities



THE BASIC TECHNICAL PARAMETERS OF DIFFERENT MODELS OF

ELECTROCONDITIONERS «CASCADES»®
-

MODEL OF | CONNECTING | WEIGHT OF OVERALL AVERAGE
THE SIZE OF THE DIMENSIONS, mm INTAKE, kW
DEVICE PIPELINES DEVICE
WITH
WATER, kg
AVE- " 5 185 x 392 x 485 0,04
0,5/0,5
(«elecon™)
AVE-07/20 1% " 62 624 x 400 x 1114 0.05-0,1
AVE-07/40 1% " 82 624 x 400 x 1314 0.10-0,2
AVE-13/35 17" 85 724 x 470 x 1245 0,2-03
AVE-13/70 1% " 102 724 x 470 x 1545 0,2-03
AVE-32/150 1% " 750 755 x 755 x 1830 0,3-0,4
AVE-32/300 17" 868 755 x 755 x 2130 0,3-0,4




Variants of hookup of installations with electroconditioners
“CASCADE” in different projects

For large objects
(big buildings, business centers, etc)




Where already drink and use “Revitalized water"?

(only a few examples from two hundreds objects)

il'

* Factory.of carpet coverings*“Neva Taft’ (Saint- -Petesburg)
e Apartment house and a business centfe "Mont Blanc"
(development company "S:t'ro?'montage", St. Petersburg) |
* Apartment house "Dominant” (development compan\i El
St. Petersburg)
~* High-rise apartment bulldmg H lﬂanslst"L
Architectural workshq,p" @dihe_mﬂhc%
St.Petersburg) -
e Apartment house "Van - Vitelli" ( the development company
“Business Link Estate, St.Petersburg)

e'y

* Cottage settlement « Russian Switzerland » companies " HONKA " Pt
grad region) o “‘;.—‘}
. The newest pharmaceutical enterprise " Polysan " (Sam_t_-_Petersburg) e
o Hotels in Saint- -Petersburg and Nyagar'"SrnoInmskaxa e, 4! ﬂhhj'_ _:_!
“Ambassador”, etc.) oo -xﬂi BNNE @
e Mounting skiing resort “The Gold vallay" about setﬂerf\ : I:m’:;&": ;
Korobitsyno (Leningrad region) .', ! - = !ﬂ e _‘;i"-
e Motel and autocampmg at lakes VandJiz Giermany) ol E E —
5 e b, [
* St. PetersEurg office of the Federal Trust "'Spétsstroy'ln S an B ﬁ
. Summerre5|dence of the firm ”Eagle Group (Hamina, Elﬁﬂiﬂ) 3
i L
T

i

— W=

|mo¥[s S—
vnf'HrOJ




How does electroconditioners of water "Cascade"® look?




System of water-preparation on the basis of electroconditioners "Cascade" AVE-32/300 at the
pharmaceutical enterprise “POLYSAN”  in Saint-Petersburg (output 20,000 I/h)




Systems “CASCADE” for drinking water (from lake Stepped) and sewage
treatment in severe conditions of Antarctica (a housing space
"Lena", station " Progress ")

Drinking water system

Waste water treatment system



A scene of installation of devices "Cascade" in field conditions (auto

campingnear the lake Lipnitzsee Germany, 2001)
—




Units "Cascade" placed in a concrete shaft the autocamping near
the lake Lipnitzsee




Episode of installation of electroconditioner "CASCADE “ by Finnish
technicians

Second generation of
models in the summer

residence iIn Hamina
(Finland)




Installation “CASCADE” for purification of waste water
from laundry (Hotel “Ambassador”, Saint-Petersburg)




"CASCADE" installation for clearing of municipal sewages in the
village Grebs (Potsdam, GERMANY)




What’s news in swimming pool technologies?

| Application of electroconditioners in
‘d turnaround water supply allows to

gﬂ reduce sharply (and at desire to exclude
& compleetely)

use harmful disinfectants (chlorine,
ozone, peroxide of hydrogen, various
coagulants, etc.)




Conditioners "CASCADE"®

give a choice between two unprecedented
opportunities due to ability of electrochemical
activation of water

~ - to have sterile, chemically pure water in pool
with low redox- potential, rendering to human organism
vmfymg physuologlcal influence

S ?ﬁ

hﬁfle water pOEEES
—— effect with mcreased redox- potential
b - 40 | casesofhlgh attendance of pools)




What else can revitalized water do?

Photo 1. Top side view of the cups with paper clips Photo 2. Side view of the cups with paper clips

.! \
\ (L 0

‘ R S
T, S
/ . '/ a :
oyt o

-«

Simple experiment that demonstrates the difference in the rates of oxidation processes in
ordinary water and water with extremely low ORP.

The same paper clips, made from low-grade steel without protective coating, plunge into cups
with ordinary tap water (left cup) water and treated with electroconditioners of water
"CASCADE" (right cup). Despite the fact that the water after treatment in a conditioner
additionally saturated with oxygen, rust on the clips it does not appear within many hours while
preserving its antioxidant properties of water (low redox potential).

In the cup with tap water rust on clips with transition in the volume of water begins to develop
almost 10-20 minutes after immersion in these clips. Photos were taken after 4.5 hours after the
start of the experiment, when the antioxidant properties of the treated ("live") of the water is
already largely weakened.
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Dr. Anton Tyukov.

- 2012
- 2013
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Data Science and I1SO 50001 to optimize energy
(electricity, water, gas..) usage in public and industrial
buildings

Anton Tyukov
PhD, Volgograd State Technical University,
Russia



People spend

80 %

of their time in buildings

Annual building maintenance cost: : T R
Electricity: $0.3 - 1.5 min Russia annually spends on electricity:

Gas ( For heating): $0.15 - 0.7 mIn $85 000 000 000
Water: $0.1 - 0.4 min



Saving potential of each . Building inhabitants cares about
building is around 30% comfort

« Then comfortable, they are productive
« Their boss pays everything

T
 Energy managers
« Have low qualification and not interested in

ep
_%%L@ : savings
Aenb % « Their boss pays everything
2t ~  + Building
I\ « Has inefficient energy policy
7

YTPO =l
« Inefficient use is not stopped in time

l g ﬁéé « Has low Investment attractiveness




Goals of governmental program till 2020

-Improve efficiency of energy —_—
managers __ ==
-Reduce energy costs for e
building maintenance —— =
- Save 630 bil. kWh on electricity 1"5"

- Save 1550 min. Kal on heating N

- 334 min. Ton fuel quivalent ——
-Reduce carbon emissions on R =

409 min. tons



BUILDING ENERGY  //
MANAGEMENT

e Intelligent

/ _Energy
Management
System

' 1SO 50001

HVAC Control

AUTOMATION
DATA PROCESSING

AND ANALISYS



Conteptual system design

Effective energy policy through: TTLLELET R

: B—
Building general
screen

4 )
éGas / EEET ) EEETT)

= g
@ Electricity -'\." Q m
0 Water % ")) @ ((" @G

‘ femperature Meters ETP GPRS Flexible Interactive Energy
“ User’s sensors ! ! K Screens (FIES) j
Client’s buildings \Z _ Ethernet

6



' ’ 1 ENERGY

4 IMPROVEMENT PLANNING

SO 50001

3 CHECKING 2 IMPLEMENTATION &

i OPERATION



Step 1: Energy Planning

Example 1: Energy submetering

1% ., vapor
4% - HVAC

2% - swimming pool

17% - Laundry |

WATER
CONSUMPTION
IN A HOTEL

34% - Rooms

20% -

public zones _
22% - Bars and Kitchen

3



ing
ing sys

Energy Planni

Step 1

' tem

Saving of heat

Example 2

B 30aHWe OTKPBITO
B 343HHe 3aKPbITO
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€7 auHeY'g
17 SMHEY'E
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£1 avHeY'g
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6 MHET'E
[ dUHET'E
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£ auHer's
T auHeY's
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ZLOZ/ZLI9L
ZLOZ/ZLISE
ZLOZ/ZLIbL
ZLOZFZLICL
TLOZAZLITL
TLOZFZLALL
ZLOZ/ELIOL
ZLOZ/TLI60
ZLOZ/ZLI80
ZLOZ/ZLILO
ZLOZ/TLI90
ZLOZT/TLIS0
ZLOZ/ZL /W0
ZLOZ/ZLILO
ZLOZ/ZLITO
ZLOZAZLALO
ZLOZ/ L0
ZLOZT/LLI6T
ZL0Z/LLr8L
ZLOZ/LLILE
ZLOZ/LLI9T
ZLOZT/LLIST
ZLOZ/LLIWE
DL0ZFLLICT
TLOT/LLITT
ZLOT/MLILT
ZLOZ/LLIOT
ELOZFLLIGL
ZLOZ/LLIBL
TLOZ/LLALL
ZLOZ/LLI9L

DuepromorpednenHe
i & HORONbI0BSHHEN MeTo/a

Fig 2 — Gas consumptionin a building

BO3MOXKHO COKpaTHTh

- TloTeHuMansHO

Fig 3 — Saving potential for 30 buildings

Total energy consumption: 53 621 kWh

9

Potentical economy: 23 754 kWh (44%)
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Step 1: Energy Planning

Example 3: Comparing objects

Fig 4 - Energy consumption
of different periods

Office 1

Office 16

Office 32

Office 40

<- Overconsumption - Economy ->

Fig 5 - Comparing energy consumption

f different buildi
of different buildings 10



Step 1: Energy Planning
Example 3: Measuring internal comfort and productivity

CO2 - Indoor Temp < X

Air Quality

PRODUCTIVITY

Fig 7 - Calculating productivity

Fig 6 - Measuring comfort 11



Step 2 - Implementation and operation
Anomalies detection

Abnormal Consumption Before

Opening Hours Detected

o Hardware malfunction

o Leakages and inefficient use o
Energy

o Low comfort

o Too early HVAC startup detection _ 2
(with weather information) | N~
o Excessive air conditioning detection

o Anomaly detection during holidays
and weekends Fig 8 — Example of the Anomaly
detection Visualization

Example of the Anomaly Detection Visualization

12



Step: 2 Implementation and operation
Example 2: Anomalies examples

22222

YTEUKA | \

UUUUUUUUUUUUUUUUUUUUUUUUU

5 i ; | -
222222222 :00 : .
I EMO [ BOOA 19.05.2008 - 20.05.2008

NEMO | Snextp. axrt. | Cymm,_ 17.03.2008 - 24.03.2008 Jal
Cymmaphoe norpebnenue 16.587,79 kBTl Cymmaptoe notpetnetne

OEMO | 3nextp. akr. | Cymm. 24.09.2008 - 01.10.2008 w OEMO | BOOA 26.05.2008 - 27.05.2008
Cymmapuoe notpebnenne «Br/u CymmapHoe notpebnesme 4.200,00 n.
-

Fig 9 - Annual economy Fig 10 - Annual economy
on electricity is $31 000 on water - S4 000




Step 2 - Implementation and operation
Example 1: Analyzing anomalies

Electricity Anomalies Gas Anomalies

0.01% 3:02%.0.01% = Anomalies Before
7.31% Opening Hours
1.27%, 340, W Anomalies During
1.66% Opening Hours

M Anomalies After

SAVINGS PROGNOSES 0.41%

1.11%

Understanding and reduction of energy 2.10%  Opening Hours
 Holidays
costs
B Weekends
Identification of areas of potential = Normal

Consumption

energy savings 87.33%
High]jghts of opportunities for ANOMALY TYPE Elec;:;z;”‘ % of Total Consumption Money lost ANOMALY TYPE GasLost[m3] % of Total Consumption Money lost
energy management imProvements Anomalies Before Opening Anomalies Before Opening
Hours 19,4 0,01% 2 EUR Hours 4.9742 7,31%
:Z:alies During Opening - . 639 EUR :\Ir:;:alics During Opening s -
Anomalies After Opening Hours 1.950,6 1,11% 234 EUR et s S s 229,1 0,34%
Anomalies During Holidays 720,3 0,41% 86 EUR Anomalies During Holidays 6.068.6 1,66%
At By Wil 10,0 0,01% 1EUR Pt g Wl 11285 2,10%
8027,4 4,55% 963 EUR| TOTAL
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Step 2 - Implementation and operation
Example 2: HVAC SYSTEM PERFORMANCE

Settings

ZFar V0 [7] Time opened: (091 00 2] Target temperature:

+ | Update Simulate 21
poate |

Time closed: |20:02 %

Opened oa weekends: [

{ Update settings

Day energy profile

Indoor Temperature

MAPE: 0 < [19/02/2014 j B | Get | Pure profile = Saving prefile = Temperature
o e MASE 0 o
g Z20N GNRMSE 0
£ o /‘ \ HDD: 2181 S 20+ ri2
230ct 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 240ct Openlng hours' 1?:00
0 - - — - = = 0
T 5 5
Temperaturs 7| Simulation [¥] Target ¥/ Real [¥] opnmuedm CDﬂEL:thIDI“L befnre 154 m= =y
optimization: z
Outdoor Temperature an5umpti0n with - =
| NS RENN S S W S T O : : 95,7 m 3
sete I Savings:
g 9 . L L Savings: 58,3 m3
& Savings percentage: 37,9 %
20c 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200  240ct LB B e e S e e e L
e e : —t Average 7,4 °C 288388333888 833s8338888:s:3¢%
p—_— r
temperature: gzggfILgsbggesrYnzIwsslh =222 NRE
Gas Consumption O 190022014
3 J 014
. GCTotal 554 KWh <
| 4
R
é : = N p . °
Bocr 0200 0400 0600 0800 1000 1200 100 1600 1800 2000 2200 240et FI 1 2 — E n e r SaVI n S
@ —_— 0]
il — [

Gas consumption: 7| Gas consumption ¥ Control signal ¥] Control signal optimized

Export contro! signals: Retro Analysis or Optimized

Fig 11 - HVAC system
supervisory control

of heating system
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Step 3: Monitoring the Progress

Gas Electricity

Reference Year Regression Chart
From: 01-2011 20K
To: 12-2011 £
.
I 10k
Consumption (m®): 76.112 f
=
Degree days: 20142 i -
- bill? 0 100 200 300 400
nergy b1 = Graaddagen
Start of monitoring: 01-2013
Comparison Chart Savings Chart
15%
e 100%103%05%
0% gaw g1% 96% gpy B:6:%

Cumulatief {55

jan feb maa apr mei jun jul aug sep okt

A

0%

5.89%
I I5% I

jul aug sep

nov dec

Fig 13 - Monitoring
the progress
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Step 4: Improvement

1800
1600
1400 > o e Fact
1200 o
1000 -~ —a— GOl
800 el
500 S T
400 - e
200

0

Jan Mar  June Aug Sept Nov

Energy consumption in kWh

Fig 14 - Distribution

of energy usage .



Technical system design: general overview

-

S P rrrrrrErr

R

Weather
\ websites

1
1
1
1
: |
1
- 1
| 1
| 1
1 Weather ,
I |
:> (currentand | |
I forecast) :
| 1
\ / |

Data collection

. . I
Building ! - \. :
sensors 1 Building ! :
' | characteristics I
! I
I
I
1
Real-time |
I

(1, 15 mins,

1 hour) {%}

Historical
(months,
years)

Data processing

A e \/\J
! - Consumption profile
I
|
! (}{ Energy Reductions
prm—
ﬁ(—:' <]J Building Signature
|

Data quality
checks

Data
analytics

Data visualization

<:: Predictions and targets

e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Data export ‘
system —
N Data for
analysis M~

oo T 48

Alarms




Technical system design: sensors

Ny lly

3G/GPRS

jevice device o o o o o
1 module module ‘l module g o o 9 %
T J» J» T J» N - 9,
n."‘lﬁ T T %-: T* Energy meters Custom meters
mbar ¢, o, mbar o
co2 CcO2 . o ]
dB d8 Fig 16 - Building automation

Fig 15 - Plug&Play sensors
Fig 17 - Custom solutions
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Technical system design: data from meteorological

 Collection method
" + API
| ﬁ - Parsing html pages

ngnlmtlnﬂnrﬂllni
gaa * Types:
« Historical

Institutes

P"o ATMOSPHE

\;
J.
S
4
4
o
74
z
c
\P

’?TMENT of Co

e Current
 Forecast
« 10 + features collected

S0
20
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Technical system design: Digital Information screens

s) €COSCADA" Ao6po noxanosatn!

o 100 1250
b o ol O |

-7

G Iy I | Zso 750%

[ loHE e TbHUK
TeMH l:-lf:-',; 0": 0 26. ®ea Cpe 28. ®es Mar N 2. MpT Boc 4. WpTETO 250

Pacnucanve W@ [eHb © OxnpaeMuit 0 fledb = Hegens ‘

all CronGuarenirpact - WSV

40k
o
ibaix
oZgurnai
o Valen
ain
fmbrai
0
| 8 censumption BEMT I8 2013 roa | a0
Highsharts.com g

Consumj ption BEMT M 2013 r |

v KapTa TaeTG:RE BEMT

Fig 19 — Example of
installtion

P

Fig 18 — Example of digital information screen
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Technical system design:

reduced time on data preparation

Data Export for researchers

 Information fusion

 Sensor information
« Weather conditions

« Data exported for
- R
« Weka
« Excel

 Octave
 Matlab

« Data Quality Certificate

22



Conclusions

1) Social Effect

2) Automatization
3) Building Investment attractiveness

4) Real Energy Savings




Thank you. Write to Anton.tyukov@gmail.com

* Anton Tyukov Ph.D, Volgograd State Technical University

e Anton.tyukov @gmail.com
* +79050642601

* Research and Software development team
* 50 + publications
* Partners from EU

» Key specialties: Software development, data visualization, information fusion,
data analysis, big data

n OWERS
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Thank Youl
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