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MEETING SCHEDULE 

	
Friday,	30	October	2020:	
	

Time	 Activity	

16:00	−	17:00	 Registration	&	Check-in	

17:00	−	19:00	 Special	session	(TBD)	

19:00	−	21:00	 Banquet	/	Dinner	
	
Sunday,	31	October	2020:	
	

Time	 Activity	

07:00	−	09:00	 Registration	&	Check-in	

09:00	−	12:00	 Plenary	Session	
S&T	Session	1	&	2	

12:00	−	14:00	 Lunch	

14:00	−	17:40	 ASCoF-	AKSTS	S&T	Special	Session		

17:30	−	19:00	 General	Assembly	of	ASCoF	

19:00	−	21:00	 Dinner	

21:00	−	23:00	 Networking	
	
Sunday,	1	November	2020:	
	

Time	 Activity	

10:00	−	12:00	 S&T	Session	3	

12:00	−	14:00	 Lunch	&	Farewell	
	
  



	

SCIENTIFIC PROGRAM 
	
	
Saturday,	31	October	2020	
 
 

 Session 1 (Chair:	Myoung-Ah	Kang) 
 

	
								(09:00	–	09:05)	Opening	remark,	Junbeum	Kim	(President	of	ASCoF)		
	
PL		(09:05	–	09:45)	RaeKwon	Chung		
																																						(Coordinator,	ICC,	National	Council	on	Climate	and	Air	Quality)	
												Strategy	for	net	zero	2050	
	
								(09:45	–	10:05)	François	Pinet	(Research	Director,	INRAE,	Clermont-Ferrand)	
	 Improvement	of	raster	selection	processing	 	
	
								(10:05	–	10:25)	SeungHye	Lee	(Toulouse	Biotechnology	Institute	(TBI),	INSA,		
																																								INRAE	UMR792,	and	CNRS	UMR5504,	Toulouse)	
													Making	Sense	of	Global	Environmental	Scenarios	in	the	Perspective	of		
													Sustainable	Bioeconomy	Strategies																																																																																								
	
								(10:25	–	10:40)	Break	
	

Session 2 (Chair:	Hyewon	Seo)	
	
 

								(10:40	–	11:00)	Junbum	Park	(École	polytechnique,	Île	de	France)	
	 Validation	of	Power-law	Drain	Current	Model	for	Coplanar	OFETs	at	Various			
													Temperatures	 	
	
									(11:00	–	11:20)	Junbeum	Kim	(University	of	Technology	of	Troyes)	
	 Toxicity	analysis	and	footprint	in	Urban	system	 	
	
									(11:20	–	11:40)	Young-Lo	(University	de	Lyon,	Lyon)	
	 Obtaining	supernova	and	its	host	spectra	from	SEDMachine		
													Automatically	and	simultaneously	 	
	
POSTER		
										(11:40	–	11:50)	Junghwa	YI	(CNRS,	CentraleSupélec,	Université	Paris-Saclay	
																																									,	Île	de	France)	
	 Characterization	of	titanium	dioxide	nanoparticles	synthesis	in	laminar		
													diffusion	flames																																																																																																																												
	
	

Lunch 
 

	



	

ASCoF- AKSTS S&T Special Session (Chair:	Chung-Hae	Park) 
	
(14:00	–	14:10)	Introduction	of	Korea-Russia	S&T	network		
																															(Junbeum	Kim	&	Gvan	Chun	Cho)	
	
(14:10	–	14:30)	Myunglae	Jo	(SPEC,	CEA,	CNRS,	Universit	́e	Paris-Saclay,		
																																								France)		
	 Electron	quantum	optics	with	quantum	hall	edge	states	in	graphene 	
	
(14:30	–	14:50)	Gvan	Ghun	Cho	(National	Research	University,		
																														Moscow	Power	engineering	Institute,	Russia)	
	 Short-circuit	currents	in	wind	power	plants	with	DFIG 	
	
(14:50	–	15:10)	Jongmin	Lee	(Paul	Scherrer	Institut,	Switzerland)	
	 Quantification	of	water	in	an	operating	PEM	fuel	cell	at	large	scale	facility 	
	
(15:10	–	15:30)	Ksenya	Kim		
																													(Voronezh	State	University	of	Engineering	Technologies,	Russia)	
	 The	degradation	of	ion-exchange	membranes	in	electrodialysis	wastewater	
												production	of	mineral	fertilizers 	
	
	(15:30	–	15:40)	Break	
	

(Chair:	Roman	Kim)	
(15:40	–	16:00)	Minyoung	Yun	(Arts	et	Métiers	Institute	of	Technology,	CNRS,	CNAM,		
																																HESAM	Université,	France)	
	 Nonlinear	Regression	Operating	on	Microstructures	Described	from	Topological		
													Data	Analysis	for	the	Real-Time	Prediction	of	Effective	Properties	
	
(16:00	–	16:20)	Alexander	Nee		
																													(National	Research	Tomsk	Polytechnic	University,	Russia)	
	 Hybrid	Pseudo-direct	numerical	simulation	solver	for	highly	turbulent	buoyancy		
												driven	flows	
	
	(16:20	–	16:40)	Paul	Heo	(Ecole	normale	supérieure,	CNRS	UMR8023,	France)	
	 Neurophysics	of	snare-mediated	membrane	fusion	and	α-synuclein	
	
(16:40	–	17:00)	Alexander	Khe	(Lavrentyev	Institute	of	Hydrodynamics,	Russia)	
	 Nonlinear	Regression	Operating	on	Microstructures	Described	from	Topological		
													Data	Analysis	for	the	Real-Time	Prediction	of	Effective	Properties	
	
(17:	00	–	17:20)	Jinju	Guk	(INSERM,	IAME,	UMR	1137,	Université	Paris	Diderot,	France)	
	 Modeling	the	dose-effect	relationship	between	DAV132,	an	activated	charocoal	
													based	product,	and	fecal	concentration	of	moxifloxacin	in	healthy	volunteers	
	
(17:	20	–	17:40)	Alexander	Pak	(Tomsk	Polytechnic	University,	Russia)	
	 ARC	Plasma	method	for	the	synthesys	of	powder	materials	and	waters	
													treatment	in	the	ambient	air	conditions	
	



	

Sunday,	1	November	2020	
 
 

 Session 3 (Chair:	Yu	Jin	Choi) 
	
(10:00	–	10:20)	Sangwoo	Kang	(Chaire	C2M,	LCTI,	Télécom	Paris)	
	 Numerical	study	of	coupling	effect	to	reconstruction	of	electric	field	inside		
													of	phantom	
	
(10:20	–	10:40)	June-ho	Bang	(Information	et	Reseaux	(INFRES),	Télécom	Paris)	
	 Hidden-Markov	model	based	sybil	attack	detection	algorithm	for	cooperative	
												intelligent	transport	system	 	
	
(10:40	–	11:00)	Break	
	
(11:00	–	11:20)	Hyuk	Park	(UPC-BarcelonaTech,	Barcelona)	
	 Radio	frequency	interference	(RFI)	impact	on	the	SMOS	microwave	radiometer	
		
(11:20	–	11:40)	Myoung-Ah	Kang	(ISIMA,	Université	Clermont-Auvergne,	Aubière)	
	 Grid	aggregation	in	spatial	data	warehouses	
		
(11:40	–	12:00)	Closing	remark			
	



 

STRATEGY FOR NET ZERO 2050  
Rae Kwon CHUNG1,  

1 Coordinator, International Cooperation Committee, National Council on Climate and Air Quality,76 Saemunanro, 
Jongroku, Seoul, Korea, 03185  

Keywords: ecological tax reform, double dividend, quality of growth, Super Grid, carbon capture and 
storage, hydrogen, waste to energy,  

Introduction 
Green New Deal initiated by the EU and the US now being followed  by Korea and others is 
an idea of investing public financial resources for renewable energy transformation.  
Transformation towards Net-Zero 2050 cannot depend only on public fund. Fiscal reform 
that internalizes the price of carbon into the price of fossil fuel has to be pushed in tandem 
with the Green New Deal. As for technologies, CCS <Carbon Capture and Storage>, WTE 
<Waste To Energy> and Super Grid deserves more attention.  

Ecological Tax Reform<ETR> and double dividend  
Transformation towards Net Zero 2050 will require huge financial support from the 
Government. Investing public funds is a necessary but not sufficient condition. Reforming 
the energy price structure by introducing carbon tax is an ultimate solution for energy 
transformation towards renewable energy.  
Once the prices of renewable energies become cheaper than those of fossil fuels thanks to 
carbon tax, private funds will be invested into renewable energy transformation. We already 
have sufficient private funds looking for investment opportunities. What we need is a price 
signal that favours renewable energy.  
However introducing carbon tax is not an easy task. Ecological tax reform<ETR> is an idea of 
introducing carbon tax while reducing income tax in order not to increase tax burden for 
businesses and individuals. Tax bad<carbon> not Good<income> is the concept underlying 
Ecological tax reform. ETR is an idea of shifting tax base from income to carbon while 
maintaining revenue neutrality. Politically, there is no reason to resist ETR as it does not 
increase tax burden on the economy. Theoretically, it is said that double dividend could be 
realized by shifting tax burden from income to carbon. Tax on carbon will reduce CO₂ 
emission. Reducing tax burden on income will stimulate economic growth and job creation.  
COMETR Project sponsored by the EC<European Commission> has proven double dividend 
for EU countries.  
! Technologies that could be the game changer for Net Zero 2050.  
For many developed countries, green new deal could trigger transformation towards 
renewable energy future. But for many developing countries, renewable energy 
transformation may not be a feasible option. CCS<Carbon Capture and Storage> can bridge 
the transition towards renewable energy from fossil fuel.  
A new technological innovation called Allam Cycle  that could capture CO₂ from fossil fuel 
power plant and produce hydrogen can be a breakthrough for transition towards Net Zero 
2050.  
Low temperature pyrolysis that could burn waste while generating electricity with much less 
ash and pollution can also be a bridge for circular economy. The EC is supporting WTE as an 
essential component of circular economy directive.  
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Super Grid that can transmit electricity over thousands of kilometres can open a new 
opportunity for global renewable energy system that can produce and share renewable 
electricity around 5 continents. Silk Road Super Grid sending solar and wind power from 
Kazakhstan, Central Asia to Korea through China is proposed and studied by ADB.  
! De-carbonization of Energy Intensive Industry 

De-carbonization of energy intensive industry such as steel mill, aluminium, cement, and 
many petro-chemical industry, though critical for Net Zero 2050, is not even openly 
discussed  
International collaboration to support the roadmap to be discussed among each industry 
sector for Net Zero 2050 has to be explored. Each industry sector can discuss among 
themselves and generate a consensus for the time table to realize Net Zero 2050. This 
process can be encouraged by relevant Governments and international institutions and 
organizations.   
 
 



 

IMPROVEMENT OF RASTER SELECTION 
PROCESSING 

François PINET2* 

1 INRAE, Centre Auvergne-Rhône-Aples  
*Corresponding author’s e-mail: francois.pinet@inrae.fr 

Keywords: database, big data. 

Introduction 
The extended abstract is directly taken from the already published paper [1]. It corresponds 
to the work that we want to present at the conference.  
The volume of environmental data becomes very important. More and more environmental 
and agricultural data are now acquired automatically at high precision and temporal 
frequencies. Numerous data sources are available in different information systems and can 
be accessed through the Web. Several of these data sets are useful for agricultural activities 
or climate change analyses. They can be related to weather, sensor measurements, soil 
condition, etc. These types of information can be used in agriculture for example for 
recommendation on the use of agricultural inputs (water, phytosanitary treatments, etc.) or 
for crop management in order to optimize and reduce the use of agro-equipments, and 
consequently the negative impact on climate. These data can also be utilized to analyze the 
links between different agricultural activities (livestock, crops, etc.) and the climate change, 
at a large spatial and temporal scale. 
Several of these large data sources are represented in the form of rasters, e.g., geo-referenced 
regular grids. This type of 2-dimmensional grids constitutes a traditional geographical data 
format. In geographical information systems, a raster is a 2-D matrix of cells. A measurement 
(which is very often a numeric value) is stored in each raster cell to represent the geo-
referenced value of environmental phenomena: temperature, soil moisture, CO2 
measurements, rain precipitation, etc. This type of data can also be produced by simulation.  
Dedicated methods are needed to manage the huge volume of rasters produced over time. It 
is important to propose specific techniques to optimize the analysis and the processing of 
such data sources. 
In our work, we propose a new method to analyze large sets of rasters in an optimized 
manner. Our goal is to propose a new technique to improve the execution time of the 
selection and calculation of data summaries (e.g., the average temperature for a region) on a 
temporal sequence of rasters. We illustrate the use of our approach on the case of 
temperature data, which is crucial information both for agriculture and for climate change 
analyses. 

Raster data process 

The raster data process used in this work consists in three main steps (shown in Figure 1). 
The process is based on a large sequence of rasters, representing the evolution of an 
environmental pheromone over time. In Figure 1, the different values of the raster cells are 
represented by colors. In the step (a), the user chooses a period of interest. More precisely, 
he/she selects a temporal raster (sub)sequence of interest in the large sequence of rasters. In 

jongeun
Typewritten Text

jongeun
Typewritten Text

jongeun
Typewritten Text

jongeun
Typewritten Text

jongeun
Typewritten Text
Session 1

jongeun
Typewritten Text

jongeun
Typewritten Text

jongeun
Typewritten Text

jongeun
Typewritten Text



 

the step (b), the user defines the geographical region to analyze in the sequence of rasters 
selected in step (a). This geographical region to analyze is the same for all these rasters. In the 
step (c), the system automatically selects every raster that satisfies a user-defined condition.  
We illustrate this process on an example. A user would like to analyze a sequence of rasters 
representing the evolution of temperatures. He/she want to determine the set of rasters 
having low temperatures in order to: 

- study more precisely these cases and their possible local causes. It is a typical case of 
climate change analysis. 

- or analyze the impact of these temperature on crops in agriculture in the context of 
farm decision support.  

First, he/she manually chooses the period to be analyzed in the whole sequence (step (a)). 
Second, he/she manually chooses a geographical region of interest for his/her study (step 
(b)). Third, in the step (c), the user would like to automatically select every raster in which 
the average temperature of the region of interest is lower than a user-defined threshold (e.g., 
≤ 10 C°). Consequently, the result is the set of the rasters that satisfy this condition.  
In the present paper, we propose an improvement for the step (c). The intuition behind this 
algorithm is to try to reject a raster that does not satisfy the user-condition (i.e., the cell value 
average must be lesser then the user’s threshold) as soon as possible to avoid useless 
computation. The proposed optimization technique can improve the computation when the 
user’s threshold is low (compared to the raster cell values). In this technique, the cell must 
contain only numerical positive value – consequently, a uniform translation or normalization 
must be used if the rasters do not comply with this constraint. 
The calculation of the average is computed for each raster (in the region of interest). The 
average computation consists in calculating the sum of cell values for each raster. In the new 
version of our algorithm, we stop the sum computation as soon as possible, when we are 
sure that this sum becomes superior to the threshold value multiplied by the cell number of 
the region of interest. 
We also propose to sort the cell values in the region of interest in a descending order, for the 
average computation. In that case, the threshold is reached faster for the rasters that do not 
satisfy the condition. Unfortunately, the time complexity of a sort, i.e., O(n log n) for a quick 
sort, is higher than the sum computation, i.e., O(n). Consequently, we propose the following 
stages: 

1. We propose to sort the value of the region of interest only for some rasters, e.g., 
compute a sort every 200 rasters, in sorting the cell values of the region of interest 
only for the rasters Ri, Ri+200, Ri+400, etc. Each one of these sorts produces a cell 
ordering. 

2. We propose to use the cell ordering of the sorted rasters, for computing the sums for 
the other rasters. For example, the sort in Ri produces a cell ordering. This cell 
ordering will be used for computing the sum for each raster from Ri to Ri+199. The cell 
ordering determined by the sort of Ri+200 will be used for each raster from Ri+200 to 
Ri+399, etc. 

The intuition behind this method is that in many phenomena the spatial distribution of 
values evaluates rather slowly over time. In the case of temperature rasters produced every 5 
minutes, the highest values will often be on the same geographical part of the rasters for 
several tens of minutes or several hours. The frequency of the sort computation can be 
adapted to the nature of the data (e.g., sorting every 10 rasters, 50 rasters, 100 rasters, 200 
rasters, etc.). This new version of the algorithm is shown in Figure 3. In Figure 3, Ord is an 
array that corresponds to a mapping: Ord(1) is equal to the cell number (#) in b that has the 
highest value; Ord(m)is equal to the cell number (#) in b that has the lowest value. 



 

Several constraints must be satisfied in order to guarantee that this algorithm provides better 
performances in terms of execution time, for example, a low user-defined threshold or a 
spatial distribution of cell values sufficiently large in every raster to justify the interest of the 
sorting operation. These aspects and several proposed improvements are discussed in the 
last section of the paper. 
 
 
 

 
Fig. 1. Description of the raster data process. 
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Making Sense of Global Environmental Scenarios in the 
Perspective of Sustainable Bioeconomy Strategies 

Seung Hye LEE1*, Lorie HAMELIN1 

1 Toulouse Biotechnology Institute (TBI), INSA, INRAE UMR792, and CNRS UMR5504, Federal University of Toulouse, 135 
Avenue de Rangueil, F-31077, Toulouse, France.  

*Corresponding author’s e-mail: seunghye@insa-toulouse.fr 

Keywords: bioeconomy, life cycle assessment, prospective LCA, LCA, scenarios, climate change, 
environmental science 

The transition from fossil-dependent to low-fossil bioeconomy requires a variety of investments in 
infrastructures. Since the lifespan of the projects and infrastructures are long term, taking future conditions 
into account is important in making investment decisions for bioeconomy. The PhD project will develop 
prospective LCA methodologies that contribute to dynamic, time-dependent inventories for bioeconomy 
strategies for France. The inventories will reflect the carbon dynamics and circularity in biomass conversion 
chains, enabling to quantify the environmental impacts of national bioeconomy strategies over time. Since 
predicting one single future is impossible, the study will have multiple plausible background futures, on 
which the time-dependent inventories will be built. This will enable us to explore the strategies under 
different possibilities, enhancing the robustness. For that, we aim to find internationally well-recognized sets 
of scenarios and adapt them to have bioeconomy and national-level focus.  

In this study, five future scenarios studies by intergovernmental initiatives featuring 18 scenarios have been 
reviewed, namely five Shared Socioeconomic Pathways to be used in the assessments of the 
Intergovernmental Panel for Climate Change, three scenarios from the International Energy Agency, three 
scenarios from the Food and Agriculture Organization, four scenarios from the World Economic Forum, and 
three scenarios the European Commission. The result shows that most studies focus primarily on energy, 
food and climate change aspects while the aspects of bioeconomy and the “materials” (e.g. chemicals, 
pharmaceuticals, construction materials) were largely missing. Deeper look into the parameters common 
assumptions and the causal relationships between the parameters in each study showed that while different 
logics and causal relationships are observed across the studies, many common assumptions (e.g. population, 
economic growth) are still shared unquestioned. Further discussions can be made with most of the climate 
scenarios missing the various disruptors such as pandemic and international governance issues mentioned in 
different intelligence reports and future studies.  
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Validation of Power-law Drain Current Model for 
Coplanar OFETs at Various Temperatures 

	
Junbum PARK1, Yongjeong Lee1, Sungyeop Jung2, Gilles Horowitz1, and Yvan Bonnassieux1* 

	
1 Laboratoire de Physique des Interfaces et des Couches Minces (LPICM), École polytechnique, IP Paris, Palaiseau, France. 
2 Advanced Institute of Convergence Technology (AICT), Seoul National University, Suwon-si 16229, Republic of Korea. 

*Corresponding author’s e-mail: yvan.bonnassieux@polytechnique.edu 
	
	

Keywords: Organic field-effect transistors (OFETs), compact modelling 
	

Introduction 
With an increasing interest on developing flexible organic integrated circuits, an accurate 
compact model for organic field-effect transistors (OFETs) is gaining in importance in view 
for its implementation into the SPICE [1]. To date, a proper model in light of an adequate 
carrier  transport  and  injection  physics  for  organic  semiconductor  still  needs  further 
investigations to be amenable to compact modelling. Recently, S. Jung et al. proposed a novel 
drain current model that incorporates the power-law mobility and the asymptotic power-law 
contact resistance RC for a staggered OFETs based on a modified current crowding model for 
a staggered transistor [2]. However, a model for a coplanar transistor has not established yet. 
In  addition,  the  temperature  dependence  must  be  included  in  the  model  because  the 
mobility as well as drain current of organic transistor varies greatly with the temperature. In 
this study, we present a power-law drain current model for coplanar OFETs and validate the 
model by measured OFET at various temperatures. 

	
Results and discussion 
We demonstrated that the power-law mobility µ  =µ0|VGS-VTeff|γ   leads to  the asymptotic 
power-law gate voltage VGS dependent RC  for a coplanar OFET similar to a staggered OFET. 
For this purpose, we proposed a microscopic two-dimensional (2-D) equivalent circuit model 
at the source contact based on the numerically calculated 2-D current path (Fig. 1(a) and (b)). 
Here, a 2-D TCAD simulator Atlas, Silvaco Inc. was used considering the Gaussian density- 
of-states (DOS) and the GDM on random sites [3]. Compared to the conventional 1-D model, 
we considered additional vertical current flows above the contact rc.y  and transition zone rt.y 

as well as the horizontal current flow over the contact rc.x. By solving the circuit assuming the 
power-law mobility, the asymptotic power-law VGS dependent RC is derived as, 

	
C  = ∞ 

 
+ 

|GS  − eff
 

	
+1 (1) 

| 

where RC
ꝏ is the non-gateable RC and A is the proportionality constant of gateable RC. Then, 

we obtain the power-law drain current equation for coplanar OFETs by substituting power- 
law 𝜇 and RC in conventional drain current equation, 

 𝜇 	𝐶  
	

− eff |
+1  

0   i     GS  T  DS
 

D  =   𝐿   (2) 
1 + 𝜇0 i  + ∞    𝜇 𝐶  − eff |

+1 
𝐿 C    𝐿 0   i     GS  T 

Note that Eq. (1) and (2) are identical with staggered structure [2]. The on-state resistance on 

can be induced by DS D , 
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C eff 

	

on  = ∞ 
(𝐴 + /𝜇0 𝑖  + +1   . (3) 

|GS  − T    | 

In order to examine the validity of model, we compared the measured transfer characteristics 
to the analytical model at various temperatures. The analytical model for the drain current 
by Eq. (2) showed good fit with the measured data for all temperature conditions (Fig. 1(c)). 
The transfer curves of a pentacene-based OFET with a channel length Lch = 40 µm was 
fabricated and measured in the linear regime (VDS   = -2 V) and at various temperatures 
between 290 K and 370 K. At each temperature, the power-law exponent γ and the effective 
threshold voltage VTeff  were extracted by the ratio method [4]. Also, width-normalized non- 
gateable contact resistance RC

ꝏW and A+L/µ0Ci were extracted from the comparison between 
measured and calculated RON by Eq. (3). 

 
Figure 1: (a) Current density vector and contour plots within the OFET and (b) concomitant 2-D equivalent circuit models 
at source contact. (c) Drain current from experiment (symbol), drain current model (Eq. (2)) (line) and TCAD simulation 
(dash) at various temperatures. 
	

Conclusions 
We have presented a temperature dependent power-law drain current model for coplanar 
OFETs. We revealed that the power-law mobility induces the asymptotic power-law contact 
resistance as well as the power-law drain current model by 2-D microscopic equivalent 
circuit at  the  source contact. A  comparative analysis between measured and  calculated 
transfer curves allows to validate the new model at various temperature conditions. 
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Introduction 
Trace elements are persistent and widely dispersed in the environment. They interact with 
different natural components and have a toxic impact on the biosphere. In the urban 
atmosphere, they are released in the form of air particulates of different size as solid and/or 
liquid particles (Sawidis et al., 2011; Zhou et al., 2014). 
The extensively employed direct collection of atmospheric deposition using bulk sampling 
devices offers a practical approach to monitoring atmospheric trace elements deposition. 
However, studies on atmospheric contamination have frequently been limited by the high 
cost of instrumental monitoring methods and difficulties in carrying out an extensive 
sampling in space and time (Alfani et al., 1996). For these reasons, there is an increasing 
interest in using indirect monitoring methods such as the use of organisms that may act as 
biomonitors or bioindicators (Tomašević and Aničić, 2010). These are organisms that provide 
quantitative information on the quality of environmental conditions, while indicating the 
presence (or absence) of the pollutant. They also provide additional information on the 
amount and intensity of exposure (Bargagli, 1998; Markert et al., 2003; Nimis, 1990). 
Biomonitors differ from bioindicators by their regular use in order to assess parameters over 
long period of time. By using indicator plants it is possible to distinguish the degree of 
pollution, allocate sources of pollution and their impact areas, identify polluting ingredients, 
and draw maps of the air basin metal pollution in urban areas (Doley, 2017; Garrec et al., 
2000; Kovnatsky, Surnin, 1993; Monaci et al., 2000; Rossini Oliva and Rautio, 2005; Sawidis et 
al., 2011; Wannaz et al., 2012). 
Although air quality assessment with the help of plants has been practiced for many years, it 
has still not been applied at a satisfactory level due to different and even contradictory 
results, depending, first of all, on plant species (Siddig et al., 2016). Trees are widely 
distributed in many countries as the major plant type of polluted urban areas, enabling large 
sampling areas to be covered (Aničić et al., 2011; Azimi et al., 2003; Bilo et al., 2017; Weiss et 
al., 2003). One of the most useful tree species as an effective bioindicator and biomonitor is 
the Populus spp. The elemental composition of poplar species’ foliage rapidly fluctuates due 
to changes in anthropogenic impacts on the environment. Identification and sampling are 
easy and inexpensive (Barbeş et al., 2014; Madejon et al., 2004; Migeon et al., 2009; Rodriguez 
et al., 2012; Sawidis et al., 1995). However, the question of finding the most sensitive 
indicator in order to carry out comprehensive research and reflect the intensity of man-made 
impacts is still open, due to the diverse and multi-component impacts in urban areas.  
According to the Markert et al.’ study (2003), bioindication is not an “environmental 
monitoring machine”, but, ideally, is an integrated consideration of various bioindicative test 
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systems, which attempt to produce a definitive picture of a pollution situation and its 
development in the interests of prophylactic care of health and the environment. An example 
of such an integrated study can be an application of bioindication results to assess the degree 
of environmental impact and to predict the negative effects on humans and ecosystems using 
life cycle impact assessment (LCIA) methodology (Kim et al., 2015).  
In the earlier LCIA studies, there were practically no regional toxicity impact distribution 
results and maps because companies inventory data or data of stationary posts are more 
often taken into account. It gives results, which are limited in space and time (due to the high 
cost of daily measurements) (Amani, 2012).  Biogeochemical research can be conducted on a 
large scale assessing the impact for a specific, relatively long, period of time (period of 
vegetation). A previous study (Kim et al., 2015) shows the importance of the integration of 
regional emissions and the application of LCIA in food and agricultural areas. 
Carrying out such a comprehensive study, including both evaluation of a territory, and 
assessment of the impact of industrial activities on it, with subsequent prediction of the 
effects on human health and the well-being of the ecosystem in general becomes even more 
relevant in urban areas with diversified and multicomponent, multifactor man-made 
influences. Ust-Kamenogorsk city in East Kazakhstan is one of them. 
The purpose of the present study is to quantify the trace elements deposited from the 
atmosphere using Populus nigra as a bioaccumulative indicator and to evaluate and predict 
potential human and ecotoxicity impacts on a city-wide scale. In our study, we test three 
hypotheses: (i) whether Populus nigra may be a suitable bioindicator of the trace element 
pollution reflecting the multicomponent, multifactor man-made impacts; (ii) whether poplar 
leaves reflect primarily the air pollution; (iii) whether the results obtained can be used in the 
evaluation of the industrial companies' impact on the environment and in the prediction of 
the negative effects of pollution, expressed through human and eco-toxicity. 

Material and Data 
In this research, as a bioindicator, we chose the leaves of Populus nigra L., bearing in mind 
that different species of poplar have been used to evaluate the consequences of technogenic 
impact, primarily heavy metal air and soil pollution, by various research teams since the 
1950s (Assylbekova, 2013; Baslar et al., 2005; Berlizov et al., 2007; Djingova et al., 1995, 1999, 
2001; Kosheleva et al., 2016). Populus nigra sp. Italica (Italian poplar) has been recommended 
as a particularly suitable bioindicator of heavy metal burden in Europe (Kovács, 1992). 
Another advantage of black poplar is its widespread distribution in cities of the former 
Soviet Union, including Ust-Kamenogorsk. 
Leaf samples were collected from 101 locations (Figure 1) in Ust-Kamenogorsk city from 15 
to 26 August 2011. Sampling was conducted only when a condition of 5 days without rain 
was fulfilled. Strong wind (11 m/s) was only observed on August 25. It means the absence of 
increased flushing or disposition of particles from leaf surface. Sampling was conducted 
within a uniform network throughout the city with a densified network in the vicinity of the 
major industrial plants. 
All analytical studies were conducted by accredited laboratories applying certified 
measurement procedures and standard reference samples (IAEA standard "Birch leaf"). 
Internal quality control of measurements (comparison with a standard sample, as well as the 
repetition of 7% of samples) revealed a satisfactory convergence of the results. 

 



 

 

Figure 1: Map showing the study areas and sampling locations in Ust-Kamenogorsk city 

Biogeochemical results were obtained in mg/kg, but to be used in the LCIA method 
they were recalculated in mg per unit area. Knowing the weight of the dry leaves, their area, 
and the concentration of chosen elements in each studied sample, we calculated the ratio of 
the chemical element concentrations to the supposed area which 1 kg of leaves from this 
sample will occupy. So the level of toxicity was calculated in mg/km2. As shown in equation 
(1), quantification of the environmental impacts from an emission applies Characterization 
factors (CFs), which are simply multiplied by the emitted quantity (Pennington et al., 2004; 
Strandesen et al., 2007): 

 
IS = ∑i∑xCFx,i  × Mx,i,               (1) 

 
where IS is the impact score for e.g. human toxicity (cases); CFx,i is the 

characterization of substance x released to compartment i (cases/kg) and Mx,i is the emission 
of x to compartment i (kg). 

 
The unit for ecotoxicity in the general case is PAF.m3.day/kgemission (PAF - potentially 

affected fraction); and for human toxicity - cases/kgemission. But for simplicity and convenient 
comparison of results a comparative toxic unit (CTU) has been introduced (CTUhum. and 
CTUeco) (Huijbregts et al, 2010).    

 

Results and Discussion 
The specificity of the elemental composition of the black poplar leaves (Populus nigra 

L.) in Ust-Kamenogorsk consists in the fact that most of the chemical elements are unevenly 



 

distributed with a significant difference between the minimum and maximum 
concentrations (Figure 2). Uneven distribution with a variation coefficient of more than 70% 
is typical for Ag, As, Au, Be, Cr, Eu, Hf, Na, Nd, Sb, Ta, Tb, U. Among these Ag, Au, Be, Nd, 
Ta, and Tb, stand out, having variation coefficients of more than 100%. Knowing the 
geoecological features of the city and the technological cycles of the main industrial 
companies, we are able to state that the leading factor in the formation of such a specificity is 
the man-made one.  

 

 

Figure 2: Mean value and the minimum-maximum variation of chemical element concentrations in the dry matter of leaves 
of black poplar (Populus nigra L.) in Ust-Kamenogorsk (logarithmic scale)  

 
The total toxicity index, calculated for the eight studied elements, is shown in Figure 

3. Total toxicity map almost exactly matches the zinc toxicity map, which makes the greatest 
contribution to the index (about 99%) due to both high concentration and the high 
characterization factor. Arsenic is in second place in the contribution to the total level of 
toxicity for humans. The smallest contribution is made by chromium (III) and the level for 
cobalt is not determined. In terms of the ecotoxicity level, arsenic and cobalt are tied for 
second place in the total contribution, the last place is occupied by beryllium (Table 1). 

 Thus, the maximum rates of toxicity are observed near to the both Kazzinc and UMP 
(1.44 cases of toxicity for humans per km2 and about 1,580,000 potentially affected fraction of 
the ecosystem per m3 per day per km2). According to the Samakova et al. (2005) study, the 
maximum level of toxicity in the Ulba district is reflected in the high level of child morbidity 
with respiratory diseases (Figure 8) and the high frequency of chromosomal aberrations in 
the area (Samakova et al., 2005).  

 



 

 

Legend:	

	

Figure 3. A schematic map of the total toxicity (for human and ecosystem), calculated on the sum of elements (Ag, As Ba, 
Be, Co, Cr, Sb, Zn) in the territory of Ust-Kamenogorsk (CTU/km2: for humans - cases of toxicity per km2 and for 
ecosystems - potentially affected fraction of the ecosystem per m3 per day per km2) 

Conclusions 
Our research has shown that black poplar leaves can be used as an effective bioindicator in 
urban areas with diversified and multicomponent, multifactor man-made influence. 
Analyzing them allowed us to reveal peculiarities of spatial element distribution, identify 
element-polluters that are specific for Ust-Kamenogorsk city and quantify the potential toxic 
effects on humans and ecosystems:  

• estimation of statistical parameters of element distribution and their comparison with 
known data on other territories made it possible to establish the geochemical specificity of 
black poplar leaves. Among the 29 elements studied, Ag, As, Na, Sb, Sr, Ta, U, Zn show 
increased concentrations;   

• investigation of the soils and solid airborne particles deposited in snow on the same 
territory allowed us to make a conclusion that the specific elemental composition of poplar 
leaves is formed mostly under the influence of trace elements air pollution rather than soil 
contamination. Zinc is also able to pass from soil solutions to foliage;   

• study of changes in accumulation trends and the spatial distribution of the chemical 
elements revealed that the main source of Zn, Ag, Au, Sb is the lead-zinc plant "Kazzinc", 
while Be, Ta, U come from the Ulba metallurgical plant; 

• based on the quantified elements information, human toxicity and ecotoxicity impacts 
were calculated using USEtox model. The highest level of total toxicity (for humans and 
ecosystems) was noted in the impact zone of Northern Industrial Zone of Ust-Kamenogorsk. 
Zinc emissions contribute most to the toxicity index (about 99%). 
Thus, an integrated methodology of bioindication and LCIA based on the study of black 
poplar leaves (Populus nigra L.) can improve and complement both methodologies and be 
used to carry out a comprehensive study of the environment, including both the evaluation 
of a territory, and the assessment of the impact of industrial activities on it, with subsequent 
prediction of the effects on human health and the well-being of the ecosystem in general. 
Further, it is possible to carry out regular surveys to monitor changes over time the situation. 
We also consider that the proposed combination of methodologies could be widely applied 
in other urban areas.  



 

Nevertheless, this methodology has, like any other, advantages and disadvantages, and 
requires further elaboration. While calculating potential toxic effects, we conditionally 
assumed that all elements were accumulated from the atmosphere. This problem could be 
solved by the introduction of a coefficient on the flow of the element from the air, but at the 
moment there is no method of calculating it. Another disadvantage is the inability to take 
into account all the pollutants, in particular specific to the area, due to the lack of information 
in the database. 
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Introduction 
Getting spectra for both supernovae (SNe) and their host galaxies are key for accurate typing and 
measuring redshift. However, it is challenging to obtain this information for all discovered SNe of 
current and future time-domain surveys (O(103/day))1. The SEDMachine2 is a very-low resolution 
fully automated integral field unit (IFU) spectrograph dedicated to the Zwicky Transient Facility 
(ZTF)3, and is at least able to type all extragalactic transients brighter than 18.5 mag with pysedm 
pipeline4. In addition, most of the time, the host galaxy is also visible in the 28’’x28’’ FOV of the 
SEDMachine. However, the current SEDMachine with pysedm focuses only on the transient. In 
this talk, I will present our current work to automatically extract host properties together with SN 
spectra. 

Method: contsep module 
In order to get separate data for SN and host galaxy automatically and simultaneously, we 
have developed a contsep (i.e., contour separation; Figure 1) module for the pysedm 
pipeline. The concept of this module is to find a faintest contour to separate the SN and other 
sources (e.g., host galaxy) based on the optical image of the Panoramic Survey Telescope and 
Rapid Response System (Pan-STARRS)5. As shown Figure 1, the contsep module first 
draws iso-magnitude contours, and then finds a contsep mag to get separate data for the 
SN and other sources. 
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Figure 1: Example of how the contsep module works with the SEDM data of ZTF20aagzchj. Left: The orange 
cross at the center of the circles is the target, and black crosses are other sources: left one is a host galaxy and 
right one is an infrared source according to the NASA/IPAC Extragalactic Database. The contsep module 
draws iso-magnitude contours based on the Pan-STARRS optical image, and finds that 25.0 mag (cyan line; 
contsep mag) is the faintest contour to separate the target and other sources. Right: The contsep module 
selects data for the target (red) and other sources (black) based on the contsep mag. 

Future Work 
From the contsep module, we can obtain SN and host galaxy data automatically and 
simultaneously. Current pysedm is using only SN data to classify its specific type, but not 
using host galaxy data, which provides valuable information, especially the redshift. 
Therefore, we are now developing other module (e,g, sedmhaz) to estimate the redshift from 
the host galaxy data. When the sedmhaz module enters the production phase, we can 
provide the astronomical community 1) more accurate SN redshift from host spectra and 2) 
more accurate typing for SNe. 
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The flame-synthesized nanoparticle is a potential technique to control the final products’ 
characteristics such as particle size, morphology, and composition. The second-largest 
production of nanoparticles, titanium dioxide (TiO2), is an excellent example of flame-
synthesized nanoparticles with its extensive use as a white pigment, photocatalyst, 
semiconductor. 
 
The process of the flame synthesis of TiO2 nanoparticles still lacks fundamental 
understanding, which makes the process development and industrial scale-up of titania 
difficult [1]. The fundamental study of particle production in laminar flame could be 
developed up to the industrial application with turbulent flame. An in-situ optical diagnostic 
technique can quantitatively measure the particles’ characteristics during their formation. 
The numerical simulation with detailed models can predict the evolution of the particles. 
 
Therefore, this study aims to characterize the TiO2 nanoparticles’ production in laminar 
flames by a laser-induced incandescence technique. The quantitative volume fraction and 
particle size will be used to develop and validate kinetic mechanisms to describe the 
formation of TiO2 in flame synthesis.  
 
The nanoparticles are generated from the reactions of precursors in the flame environment. 
The chemical reaction occurs in the gas phase high-temperature ambient, then the solid form 
of TiO2 nanoparticles are produced. Laser pulses will heat these solid particles with a 
specific excitation wavelength, and the temperature of the particles will be increased up to its 
boiling/ sublimation temperature. The thermal radiation from heated particles, laser-induced 
incandescence (LII), ables to measure the volume fraction from the peak signal and the 
particle size from the decreasing tendency with thermodynamic models.  
 
For adapting the conventional LII theory, which is mainly developed for soot, to metal oxide 
particles, commercially engineered nanoparticles are dispersed in control volume through 
inert gas (nitrogen). The typical LII configuration (excitation laser, transporting optics, 
control volume, detection system including spectrometer with ICCD camera and PMTs) is 
applied with different excitation laser wavelength choices. The spectrally- and temporally 
resolved LII signal can show the feasibility of LII on TiO2 particles, which was rarely shown 
in the literature [2][3]. The LII signal from known engineered particles can be used for the 
calibration process of particle sizing with simulated LII signal models. 
 

jongeun
Typewritten Text
Poster



 

After establishing the LII technique for TiO2 particles, a system for synthesizing TiO2 
nanoparticles in a laminar diffusion flame is constructed. By using the Yale-diffusion-Burner 
(YDB)[4] laminar burner, whose numerical simulation has already been developed 
throughout communities, nitrogen diluted methane co-flow laminar flame is operated with 
the precursor of TiO2, titanium isopropoxide (TTIP). The liquid injection and pre-
evaporation system will bring the liquid precursor into the gaseous phase at a high 
temperature for the chemical reaction.  
 
The creation of solid particles was verified by a light-scattering method with 532 nm 
Nd:YAG laser with an ICCD camera with a 532 nm bandpass filter (figure 1). 
  

Figure 1: The generation of TiO2 nanoparticles along with nitrogen diluted methane flame, by light 
scattering method. 
 
The numerical simulation based on chemical mechanisms for the creation of TiO2 can be 
developed and validated using quantitative experimental measurements. The results offer 
the prediction of volume fraction of particles in flames and lead to calculating the unknown 
optical properties of particles varying with its temperature and wavelength.   
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Introduction 
The simple analogy between the propagation of electrons in quantum circuits and that of 
photons in the optical apparatus gives a rise to a field of solid-state physics called electron 
quantum optics. To mimic optical fiber (or laser), a 2-dimensional conductor is exposed with 
high perpendicular magnetic field and low temperature. This leads to 1-dimensional paths of 
electrons due to the quantum Hall effect. And other nanostructures, such as quantum point 
contacts and quantum dots serve roles as the equivalent of beam splitters and energy filters. 
And finally, beam path (phase) modulation is achieved with modulation of gate voltage or 
magnetic field. So far, this field has been thriving by using high mobility GaAs/AlGaAs 2-
dimensional electron gas and enriching our knowledge in quantum mechanical behaviors of 
electrons in solid-state systems. Beyond this conventional semiconductor system, graphene is 
considered a very promising material due to its expected robust coherence properties and 
quantum Hall signatures. Recent progress of fabrication of van der Waals (vdW) hetero-
structures showed that graphene encapsulated with other 2D materials, such as hexagonal 
boron nitride (hBN), could exhibit an extremely clean limit of its electronic transport 
properties and long coherence length. Also, recent studies of PN Junctions in graphene could 
enable us to realize beam splitter analogues in this new 2D system, which is essential for 
electron quantum optics study on graphene systems [1, 2]. Although inter-channel 
scatterings at the graphene edge are experimentally proven to behave as beam splitters, the 
underlying mechanism of this phenomenon is still unclear and direct control of these beam 
splitters has never been demonstrated. In this study, we present the techniques to achieve 
the aforementioned graphene electron quantum optics devices with full control of beam 
splitters. Our robust quantum optics testbed shows quantum oscillation of electrical 
conductance due to coherent interferences of electrons provided by Mach-Zehnder 
interferometry formed at the graphene PN Junction. 

Device fabrication and measurement setup 
Graphene, hBN flakes were mechanically exfoliated onto the surface of Si chip coated with 
SiO2 using the scotch tape method. By optical microscope and Raman spectroscopy, single-
layer graphene was chosen. Using the vdW dry transfer method, graphene was encapsulated 
in hBNs. In simpler terms, we are using sticky polymer to pick up hBN and then we make 
mechanical contacts with graphene. This leads to a sandwich-like assembly between 2D 
materials thanks to the vdW force. The finished sandwich stack was thermally annealed in 
vacuum to enhance the cleanness of the sample and then it was checked with non-contact 
mode AFM to locate defects. Polymer mask by e-beam lithography was used as a mask for 
following reactive ion etch (RIE) to carve out top covering hBN layer. This exposes the 1D 
edge of graphene. Edge electrical contacts were defined by e-beam evaporation of metallic 
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layers. We etched the graphene channel into desired device geometries by using similar RIE 
procedure with a polymer mask. To prevent any possible leakage between the exposed 
graphene edge and additional gates, additional hBNs were picked up and dry transferred on 
top of the sample before each fabrication step of gates. The gates were defined by 
evaporating metallic layer. The chip with finished samples are wire-bonded and then 
mounted in the closed cycle Helium dilution refrigerator. This specific machine can deliver 
extremely low temperature which is only 0.01C above absolute zero (10mK) and extremely 
high magnetic field (up to 14T) with superconducting electromagnet. The DC and low 
frequency lock-in measurement were performed with signal amplification to enhance the 
signal to noise ratio.  

Electron interference in conductance 
By putting different signs of voltage to the back gate and top gate, we can form PN junction 
in graphene because the top gate only covers half of the graphene. With high magnetic field 
applied perpendicularly, the quantum Hall effect emerges, electrons in graphene travel in 1D 
like paths. Because directions of these edge channels are linked to carrier type we can form 
co-propagating edge channels of electrons at the border of PN junctions. At the joints 
between the physical edge of graphene and the border of PN junctions, inter-channel 
scattering is allowed due to strong enough momentum transfer which leads to beam splitter 
like behavior. These two co-propagating channels with two mixing corners can be 
considered as electronic Mach-Zehnder interferometer. In this study, we implemented local 
side gates structures on top of mixing points to test the local tunability of these beam 
splitters. By changing the voltage of side gates at each corner, we can tune the transmission 
of injected current from one side to the other from 0 to almost unity. When we continuously 
change magnetic field or gate voltage we see sinusoidal oscillation in conductance due to 
electron interference in the loop. We see maximum oscillation in conductance when the 
transmission probability is 0.5 and the minimum when 0 and 1. This is well-matched with 
the quantum mechanical superposition view of electron wave functions. This observed 
coherent quantum mechanical interference pattern is robust compared to that observed in 
GaAs/AlGaAs systems. Oscillation can survive up to 1.5K (compared to 100mK of 
GaAs/AlGaAs) and with 1mV DC bias (compared to 50uV of GaAs/AlGaAs) which 
demonstrate its stronger coherent properties of graphene and the device structure.  
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Introduction 
Given the increasing wind power generation, its influence on electrical grid reliability 
becomes more important. Outages caused by short-circuit faults due to underrated power 
electrical equipment affect the security of consumers. WTGs infeed the fault current and 
should be considered in short-circuit studies. The IEC method [1], based on Thevenin’s 
theorem cannot be applied due to inequality to approach of the Russian Standard and 
difficulties of obtaining the input data from a manufacturer. Therefore, the development of 
recommendations for WTG contribution to the fault current that should be applied to 
designing routines appears to be an issue. 
 
When there is a short circuit in the grid, the stator and rotor currents of DFIG increase 
several times. On the DC link between inverters of converter voltage jumps up above the 
permissible level and overvoltage protection of the converter needed. A typical decision is to 
implement crowbar resistance commutated by rapid semiconductor switch. Crowbar is the 
three star-connected resistors that shunt the rotor winding and prevent converter 
overvoltage. Crowbar trips when voltage on the DC link exceeds 1.2 p.u. [2]. When the 
crowbar connected to the rotor winding, the fault current contribution from WTG can be 
treated as induction generator with increased rotor impedance. Simulation of short-circuit at 
the generator mains and in the grid was conducted to analyze the crowbar operation. Fault 
location varied to get the fault current ratio that is not enough for the crowbar to be tripped 
on. Simulation was performed in PSS SINCAL software.  

 
Figure 1: One-line diagram for short-circuit analysis 

 
Peak short-circuit current decreases as symmetrical component decay time constant becomes 
smaller. Crowbar resistance affects the peak current value by reducing symmetrical decay 
time constant. On the other hand, crowbar resistance increases the generator impedance. It 
reduces the initial symmetrical current value as well as the peak current. The influence of 
crowbar resistance to symmetrical component and peak short-circuit current values is shown 
at fig 2. Three resistance of the crowbar were considered, see table I. 
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Figure 2: DFIG stator current for different crowbar resistance 

 
 

TABLE 1: CROWBAR RESISTANCE INFLUENCE TO FAULT CURRENT. 

Crowbar resistance, 
p.u. 

Peak current, 
p.u. 

Initial symmetrical component (rms), 
p.u. 

0.03 12.85 4.93 
0.05 11.15 4.24 
0.07 9.75 3.67 

 
As seen in the Table I above, the influence of the crowbar to short-circuit current is obvious. 
It is important to know the status of the crowbar every time there is fault in the grid. To 
address this issue, several short-circuit faults were analyzed. For DFIG model that was 
studied crowbar trips when the rotor current exceeds value set to 6 p.u. Table II below 
presents stator and rotor currents as well as crowbar tripping for several fault locations.  

TABLE 2: FAULT CROWBAR RESISTANCE INCLUENCE TO FAULT CURRENT. 

Fault location Symmetrical stator 
current (rms), p.u. 

Instantaneous rotor current,  
p.u. 

Crowbar tripping,  
yes/no 

F1 4.24 11.85 yes 
F2 3.66 7.65 yes 
F3 2.66 5.37 no 

 
It is essential to consider the crowbar resistance influence on the contribution on the short 
circuit current from DFIG in case of faults near the WTG in wind power plant collector 
network. Crowbar resistance affects both initial symmetrical fault current and peak current 
values. After disconnecting the crowbar due to overheating prevention, fault currents was 
much lower than at the beginning of the fault due to transient flux components 
extinguishing. While crowbar resistance introduced no current zero crossing may appear. It 
imposes requirements to interrupting capability of WTG circuit breakers. 
For DFIG short-circuit current can be calculated in the same manner as for induction 
generator with consideration of the crowbar resistance introduced to rotor winding. During 
distant grid faults with rms symmetrical three phase fault current from generator below 2,7 
p.u. crowbar could be not introduced and converter stays in operation that affects 
contribution current. The further study is needed to provide recommendations for this case. 
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Introduction 
 
Many countries will restrict the use of internal combustion engine (ICE) vehicles in the next 
decades to reduce anthropogenic emission of green-house-gas. There is a strong necessity for 
developing a powertrain for next generation vehicles based on electricity. A polymer 
electrolyte fuel cell (PEFC) is considered as the ultimate solution for the electrification. The 
PEFC produces clean electricity from the electrochemical reactions between hydrogen and 
oxygen. Compared to batteries, the PEFC offers faster charging time and longer driving 
ranges for vehicles, especially for heavy duty applications. 
 
The efficiency of the PEFC is determined by the management of the product water. The 
proton conducting ionomer, most commonly known as Nafion®, must be hydrated for 
permeating protons, whereas excess liquid water accumulation in the PEFC hinders 
transport of reactant gases. In particular, sluggish oxygen reduction reaction in the cathode 
can be a bottleneck for the PEFC, critically limiting its power output and lifetime. To further 
improve the performance and to reduce the cost of the PEFC, identifying the quantity and 
the distribution of water is required. 
 
Measurement of water in the operando PEFC is challenging due to: (1) opaque components, 
(2) distinguishing water from background materials, and (3) requirement for high spatial and 
temporal resolution. Laboratory instruments, such as X-ray computed tomography and 
electron microscopes, are useful for characterising the structure and the chemical properties 
of PEFC materials; however, they are not suitable for in situ diagnostics. In this presentation, 
techniques based on large scale facilities (i.e. synchrotron and neutron sources) for operando 
PEFC application will be introduced. The emphasis will be given on imaging [1,2] and small 
angle scattering [3] techniques with a brief summary of working principles and example 
data.  
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Introduction 
Physicochemical and transport characteristics of heterogeneous cation-exchange (Ralex 

CM (H)-Pes) and anion-exchange (Ralex AM (H)-Pes) membranes differing in time of using 
in an industrial electrodialysis vessel under desalting and concentration of waste ammonium 
and nitrate-containing water (conditioned membranes, membranes after one and six years of 
use) were investigated. 

 
The strength characteristics of the test samples were measured by the RMI-60 

discontinuous machine, the density of ion-exchange membranes was determined by 
thepycnometric method. The estimation of the conducting properties of membranes was 
carried out by the contact-difference method for solutions of ammonium nitrate in the 
concentration range 0.01-0.3 mol/dm3 at 1 kHz frequency of an alternating current. 
Electroconductivity of the gel phase for cation-exchange membranes changed from 0.023 
Ohm-1cm-1 to 0.030 Ohm-1cm-1, and for anion-exchange membranes from 0.011 Ohm-1cm-1 to 
0.031 Ohm-1cm-1. Diffusion permeability of the ion-exchange membranes under study was 
measured in a flow cell for system sodium chloride / membrane / water. 

Analysis of the results showed that with long-term use of heterogeneous ion-exchange 
membranes in an electrodialyzer, their partial destruction is observed, and the diffusion 
permeability increases from 2.1·10-12 m/s to 6.4·10-12 m/s for cation-exchange membranes and 
0.8·10-12 m/s to 6.1·10-12 m/s for anion-exchange membranes. At the same time, their total 
exchange capacity for cation-exchange membranes is reduced from 1.14 mmol/g to 1.08 
mmol/g, and for anion-exchange membranes from 1.12 mmol/g to 0.98 mmol/g. 

In the electrodialysis of a solution of ammonium nitrate with the concentration of 0.01 
mol/dm3, the fluxes through the anion exchange membrane are much less than fluxes 
through the cation exchange membrane, since insoluble precipitation forms in the anion 
exchange membrane. Electrodialysis with a current density exceeding the limiting value is 
accompanied by irreversible dissociation of water molecules at the interface with the 
solution, and the ion-exchange membrane starts to be freed from precipitation, as a result of 
which its electrochemical regeneration takes place. 
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The obtained results testify to insignificant deterioration of operational characteristics 
of ion-exchange membranes in the course of electrodialysis, which proves the prospects of its 
use for purification of waste nitrogen-containing water produced during the production of 
mineral fertilizers. 
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Introduction 
Recently, industry is experiencing a new revolution. In the past, product design, as well as 
their associated manufacturing processes, were based on the use of nominal models, nominal 
loadings (in their broadest sense), and a small amount of data for calibrating those models, 
with the product performance as a design target. 
Very recently, predictions enabling real-time decision-making targeting zero defects in 
processing and zero unexpected faults in operation, were needed everywhere within the 
Internet of Things (IoT) paradigm, on the work-floor (smart processes), in the city 
(autonomous systems and smart-city), at the nation level (e.g., smart nation), etc., i.e., 
anywhere where engineering designs operate. 
In those circumstances, the use of traditional simulation-based engineering (SBE) that was 
the major protagonist of 20th century engineering, is not anymore a valuable option due to 
three main reasons: (i) models become sometimes crude approximations of the observed 
reality; (ii) assimilating data enabling the continuous calibration of the models in operation 
remains difficult to perform under the stringent real-time constraint; and (iii) the real-time 
simulation of those extremely complex mathematical models needs alternative techniques to 
those commonly employed in traditional SBE. 
It was at the beginning of the XXI century that two new revolutions in the domain of digital 
engineering emerged. 
Real-time decision making needs evaluating quantities of interest (QoI) in almost real time. 
When these QoI are related to models based on physics, the use of Model Order Reduction 
techniques allows speeding-up calculations, enabling fast and accurate evaluations. To 
accommodate real-time constraints, a valuable route consists of computing parametric 
solutions—the so-called computational vademecums—that constructed off-line, can be 
inspected on-line. However, when dealing with shapes and topologies (complex or rich 
microstructures) their parametric description constitutes a major difficulty. In this paper, we 
propose using Topological Data Analysis for describing those rich topologies and 
morphologies in a concise way, and then using the associated topological descriptions for 
generating accurate supervised classification and nonlinear regression, enabling an almost 
real-time evaluation of QoI and the associated decision making. 
The present study proves that effective properties can be associated with microstructures 
with complex morphological and topological features. For this purpose, those features are 
extracted by using TDA, post-compressed by using linear dimensionality reduction (PCA) 
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which output represents the parameters employed by the nonlinear Code2Vect regression 
that finally assign a effective property (here the effective thermal conductivity) to a given 
microstructure. 
The procedure demonstrated its robustness and performance in the low-data limit, as well as 
its capacity to provide better predictions when considering larger training sets. It 
successfully combines physics-based data for learning purposes, with almost real-time 
inference based on the topological analysis of images. 
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Introduction 
Turbulent buoyancy driven flows are encountered in many engineering applications 

such as Trombe wall, electronics and fuel cells cooling, building thermophysics, solar 
collectors etc. In order to examine heat transfer and fluid flow regularities, mathematical 
physics methods are predominantly applied since an up-to-date experimental study of 
turbulent natural convection is very expensive. However, despite some progress in 
simulation of turbulent flows an accurate turbulence modelling is still a great challenge.  

In the present study, the combination of mesoscopic and macroscopic approaches 
was applied to perform pseudo-direct numerical simulation of turbulent natural convection 
in a differentially heated cavity with different aspect ratios (Fig. 1.). The two-relaxation time 
scheme was applied to approximate a collision operator in the Boltzmann equation whereas 
two-layer implicit scheme was used for energy equation. Numerical simulation of turbulent 
natural convection was performed for the following range of governing parameters: the 

aspect ratio 1 4rA≤ ≤ , the Rayleigh number 9 1110 10Ra≤ ≤ , Prandtl number Pr=0.71.  
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Figure 1. Solution domain: a – 1rA = ; b – 4rA = . 

It was found that deviation in the mean Nusselt less than 1 % was achieved between 
2701  and 2801  nodes in the case of square cavity. Moreover, a satisfactory agreement with 

benchmark numerical and experimental data was observed both for temperature and 
Nusselt numbers. 
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Abstract 
What if the asymmetric membrane and their environment can be recapitulated, would not 
it provide a physiology-relevant understanding of various membrane reactions? Recently, 
I accomplished the reconstitution of any physiological membranes, including asymmetric 
neuronal membranes, in a 3D-printed microfluidic setup. Simultaneous optical and electrical 
monitoring elucidate the SNARE-mediated pore expansion of synapse in 10 µs resolution 
and the general mechanism of αSyn on neuronal membranes: αSyn easily freezes (hinders 
lipid diffusion), thins (reduces membrane thickness), and pierces (conducts ion exchanges 
across the membrane) the asymmetric neuronal membrane than symmetric membranes. 
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Introduction 
Several studies of the structure of the blood flow show the existence of the helical (rotational-
translational) character of the flow in certain parts of the human cardiovascular system (e.g., 
in the aorta). In this work, a framework for studying the helical character of the blood flow in 
human vessels using magnetic resonance imaging is analyzed. 
 
A set of experimental data was obtained by studying the flow in silicone models of blood 
vessels with a 3-tesla MR scanner. The fluid flow in models was generated by a 
programmable pump, which can create non-stationary flow profiles, similar to the one in 
blood vessels. A 40% glycerol solution with water was used as a blood mimicking liquid. In 
our experiments we used a silicone tube with a homemade swirl generator and a real-size 
silicone model of a common carotid artery bifurcation. For each model, several series of 
experiments were carried out using the 4D Qflow scanning protocol, from which the 
temporal-spatial velocity field was reconstructed. For processing DICOM files, we developed 
a MATLAB code. The flow domain was reconstructed from MRI scans and used for the 
numerical simulation. A comparison of the results of the numerical calculation and the data 
obtained in the experiment using MRI showed that the conclusion about the character of the 
fluid flow was made correctly. Numerical simulations with different flow rates were 
performed. The comparison showed that with the increase of the flow rate, the length of the 
helical region increases. Assessment of the accuracy of the MRI measurements was 
performed by comparing the flow rate computed from the experimental data against the one 
generated by the pump. According to the graphs, the experimentally obtained results are 
close to the prescribed exact ones. The work demonstrates the possibility of studying the 
three-dimensional unsteady structure of the flow in blood vessel models by means of 
magnetic resonance imaging. In particular, the use of this method allows one to determine 
the existence of a swirling (helical) component of the fluid flow. The framework can be used 
for investigations aimed at studying the flow structure in cerebral vessels. Rotational flows 
and their influence on formation and evolution of pathologies can be studied 
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Figure 1: Stream lines and flow rate. 
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Objectives  
The administration of antibiotics leads to disruption of the intestinal microbiota, which plays 
an important role in various host processes, including resistance to colonization and 
infection by potentially pathogenic bacteria in the intestines [1,2]. We previously modelled 
the co-evolution of plasma and fecal concentration of free moxifloxacin (fMXF), a 
fluoroquinolone antibiotic, and of microbiota disruption in humans [3]. DAV132 is an oral 
product which delivers a powerful charcoal-based adsorbent to the late intestine, which 
reduces fecal concentrations of free MXF in a dose-dependent manner [4,5]. We wished to 
develop a model of DAV132 effect on fecal fMXF concentration using data of a randomized 
clinical trial where healthy volunteers received orally MXF alone or with 10 different doses 
of DAV132. 
Methods  
A total of 131 healthy volunteers (HVs) were recruited in the randomized clinical trial 
(Sponsor Da Volterra) and received oral MXF (400 mg OAD) for 5 days alone or associated 
with various DAV132 doses for 7 days: 0 (no DAV132) 2, 3, 6, 10, 15 and 22.5g/d (2g/d was 
given BID, 22.5g/d TID, the other doses BID and TID). Plasma MXF concentrations were 
measured at D1 and D5 and fecal samples were taken daily from D1 to D9, at D12, D16 and 
D37 to measure fMXF concentrations by LC/MS/MS. The previously developed model of 
plasma and fecal MXF pharmacokinetics was used to characterize the pharmacokinetic 
properties of MXF and its fecal excretion [3]. Several models accounting for DAV132 kinetics 
in the gastro intestinal tract were studied. The effect of the amount of charcoal in the distal 
ileum of the large intestin (called the fecal compartment) in reducing the fecal fMXF was 
modeled. The analyses were performed using nonlinear mixed effect models and the SAEM 
in Monolix 2018R2 (Lixoft, France).  
Results  
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The direct current arc plasma methods are useful for materials synthesis and wastes treatment due 
to the high temperature of arc zone, simple reactors design and relatively low cost of equipment. 
Direct current arc plasma methods are useful for the carbon-based nanostructures synthesis, 
especially carbon nanotubes [1]. Some papers have described the methods and design of the arc 
plasma reactors, which have been constructed for the atmosphere pressure operation, moreover, 
under the ambient air conditions operation [2]. This approach is characterized by the some 
advantages, especially by the higher energy efficiency and productivity (in comparing with 
standard vacuum arc plasma reactor [3]. We have designed and constructed the vacuumless direct 
current arc plasma reactor, which is suitable for the metal and non-metal carbides synthesis [4], 
some of these materials can be used as a catalyst for the hydrogen evolution reactions [5]. In 
addition, this reactor can be used for the waste treatment and valorization, for example for silicon 
carbide-based materials synthesis using the coal fly ash as an initial material [6].    
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Plasma concentrations of MXF were well described by a two-compartment model with 2-
transit compartment and fecal concentrations of fMXF were successfully explained by a 
connection to plasma concentrations through two-transit compartments. The elimination of 
MXF in feces was modeled as in [3], but adding a diffusion of MXF between the last transit 
elimination compartment and the fecal compartment. DAV132 was modeled with a transit 
compartment model and charcoal is assumed to be delivered in the fecal compartment. A 
specific model of the adsorption of charcoal and MXF in the fecal compartment was derived. 
This model allowed to describe the huge reduction of fMXF fecal concentration when given 
7.5 g of DAV132 tid and the low effect of small doses of DAV132. 
Conclusion  
The developed model was able to capture the delayed effect of MXF adsorption by charcoal 
following DAV132 administration and the relationship between DAV132 dose and the 
reduction in fecal fMXF concentrations.  
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Introduction 
Nowadays, not only the smartphone but also various wireless and wearable devices are 
continually being developed and used widely in our real life. Since the devices emit the 
radio-frequency electromagnetic fields (RF EMFs), which can be absorbed and influence to 
the human body, it is necessary to assess human exposure to RF EMFs. So, the International 
Commission on Non-Ionizing Radiation Protection (ICNIRP) [1] have established the 
guidelines of the restriction in terms of a Specific Absorption Rate (SAR): 

SAR r =
E 𝑟 !𝜎(𝑟)
𝜌(𝑟)

. 

Here, E(r), and σ(r) and ρ(r) is the the electric field, conductivity and density at the position 
r, respectively. Since the σ(r) and ρ(r) are normally known information, the evaluation of 
SAR is equivalent to the reconstruction of electric fieldE(r) . Therefore, the accurate 
reconstruction of electric field inside of phantom has been attracting significant research 
interest. 
The traditional system to evaluate the SAR in IEC 62209-1, 2, does not grantee the accurate 
estimation of SAR for some newly emerged devices, because the upcoming and future 
communications standards will incorporate a complex multiple-input multiple-output 
(MIMO) antenna [2]. To overcome such limitation, the new vector measurement systems in 
IEC 62209-3, have been proposed which use the array of vector probes. Among them, we 
interest the non-invasive approach because its low calibration effect and computational cost. 
Based on the Huygens’ principle, the source reconstruction techniques can be adopted to 
estimate SAR of phantom in non-invasive system. Based on such theories, boundary element 
method (BEM) can be applied to reconstruct the SAR estimation [3]. However, it is not easy 
to solve problem due to the shadow area, which is main difficulty of non-invasive system. As 
the distance between DUT and phantom is getting closer, the measured data is more 
oscillated in the shadow area and the coupling effect is getting increased. So, we investigate 
the coupling effect to the accuracy of reconstruction of electric field inside of phantom based 
on the boundary element approach with respect to distance between DUT and phantom. 

Boundary element formula 
In this work, we consider the homogeneous dielectric DUT and phantom in free space ℝ! with 
sufficiently smooth boundary Γ! and  Γ!, respectively. The incoming source is generated by the electric 
dipole occupied inside of DUT. The data is measured at each x ∈ Γ!, where Γ! is also sufficiently 
smooth surface. Then, according to [3], the measured electric field at 𝑥 ∈ Γ! can be represented 
by electric and magnetic integral operators as the followings:  
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Then, the surface currents of phantom also can be calculated via PMCHWT formula: 
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Finally, we can reconstruct the electric field inside of phantom using (M!, J!): 

E∗ 𝑟 =  −𝜂! L!!
!! J! 𝑟 + 𝜂! K!!

!!M! . 

Numerical simulations 
To apply boundary formula, we use python open library bempp with RWG-basis functions. 
The data is generated by FEKO with fixed frequency 2.5 GHz. We set the DUT and phantom 
as dielectric with permittivity 3ϵ! and 40ϵ! and radius 0.012𝜆 and 0.08𝜆.  

 
Figure 1: The distance between DUT and phantom is 0.01m 

      
Figure 2: Maximum and norm of error with respect to distance between DUT and phantom 

Figure 1 shows that the SAR estimation with boundary element formula has high accuracy 
when distance is 0.24m, i.e., not closed case.  However, the error is getting larger as the 
distance is getting closer in Figure 2. This means that the boundary element formula is not 
enough to explain the coupling effect between DUT and phantom.  Therefore, mathematical 
modelling and  
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This research proposes a Sybil attack detection algorithm for the future vehicular 
transportation management system, Cooperative Intelligent Transport System (C-ITS) [1]. 
C-ITS composes of the vehicles equipped with its main control devices and communication 
infrastructure, called on-board units (OBUs) and road-side units (RSUs) respectively, 
sensors, servers, 4G/5G base stations as shown in Fig. 1. 
 

 

Figure 1. An example C-ITS scenario 

The vehicles continuously share their local information by transmitting the periodical beacon 
messages to obtain wider view of its surrounding area. The vehicle then makes real-time 
control decision based on the information. The periodical beacon message contains the 
sender’s mobility information, speed, acceleration, and any noticeable events nearby. The 
receiver of the C-ITS message would notice existence of the sender vehicle based on the 
mobility information in the C-ITS as shown in Fig. 2(a) 
To prevent any adversary’s illegal injection of false information or intermediate modification 
of the C-ITS message, C-ITS assigns a bulk of certificates, called pseudonym certificates (PCs) 
each of which is paired with the vehicle’s private key. Whenever a vehicle transmits a C-ITS 
message, the vehicle signs the message with a private key and append the relevant PC to the 
message. The receiving vehicle verifies the authenticity of certificate as well as of the 
message by checking the signature.  
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In this regard, each PC is an identity of a vehicle, and the vehicle has multiple of legitimate 
certificates.  
Sybil attacker, called malicious node, exploits the multiple identity to deceive other C-ITS 
stations representing itself as a set of vehicles as shown in Fig. 2(b). The malicious node 
configures multiple C-ITS messages with fake position coordinates and append different PCs 
[2]. The receiving vehicle would then be misguided to understand that there exist 
corresponding number of vehicles. We call the fake vehicles as sybil nodes. 
 

 
(a) Normal C-ITS message transmission 

 
(b) Sybil attack 

Figure 2. Comparison of C-ITS transmission 

This research proposes to configure RSUs to employ the sybil attack detection algorithm 
based on a probabilistic machine learning algorithm, Hidden Markov Model (HMM) [3]. 
HMM constitutes of a latent process as a Markov model and a random variable of 
observation feature which is conditioned on the current status of the latent process [2]. The 
vehicle density was modelled as the latent process while the portion of new PCs in vehicle's 
beacon messages and the rate of new PC introduction rate was modelled as the observation 
random variable. The HMM models the RSU's observation of fluctuating phenomenon of the 
observables conditioned by the vehicle density around the RSU. If a troop of sybil nodes 
arrive, the RSU would observe abrupt change of the observables as if the vehicle density was 
unusually surged. This lead the HMM to report an anomaly, which is an apparent alarm of 
sybil attack. 
 

 

Figure 3. Hidden Markov model of  
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Summary of the work 
ESA Soil Moisture Ocean Salinity (SMOS) mission has shown excellent instrument 
performance by providing routinely the global maps of soil moisture and ocean salinity [1, 
2].  
SMOS payload is a synthetic aperture interferometric radiometer (SAIR), called MIRAS from 
which 2-D L-band (1.4 GHz) brightness temperature (BT) maps are measured. Although this 
band is protected for remote sensing usage, Radio Frequency Interferences (RFI) are still 
observed in SMOS observation. RFI in the L-band radiometer is sporadically or continuously 
received signal with very high power (brightness temperature). This impacts the imaging of 
the radiometer by burying the image pixels close to the RFI source location. The interference 
nature in the impulse response of MIRAS makes contaminations even more serious. MIRAS 
has high sidelobes and six star-shaped tails of the impulse response, and therefore, a single 
strong source often causes the six star-shaped tails to follow the secondary lobes in the SMOS 
snapshot. Consequently, RFI decreases the overall performance of the radiometric imaging. 
As a solution to the RFI contamination problem, mitigation techniques have been considered. 
However, the ultimate solution is switching-off all of the illegal emitters within the protected 
band and enforcing emission regulations. To achieve this, it is important to provide the most 
accurate geolocation of the RFI sources. 
Thanks to the effort to report and turn off the RFI sources, many of them are removed. 
However, RFI sources are time-varying, and new RFI sources appear and disappear, which 
means they must be constantly monitored.  
Recently the sub-space method for SAIR imaging has been proposed, which deals RFI 
sources as strong signals measured from an array system [3-5]. Based on the subspace of the 
covariance (visibility) matrix, the DOA of the RFI sources can be estimated. The spatial 
filtering on the subspace is also applied for RFI filtering/mitigation of SAIR as well. The 
strong RFI sources have large eigenvalues in the eigenvalue decomposition of the covariance 
matrix. Therefore, by filtering out (or suppressing) these large eigenvalues, the RFI mitigated 
covariance matrix is obtained, which finally generates the RFI mitigated brightness 
temperature.  
This work presents the RFI source geolocation using the subspace method, and spatial 
filtering in the covariance matrix. The modified spatial filtering is tested by using several 
cases of SMOS RFI, e.g., single strong RFI, several RFI case, etc. Additionally, the mitigation 
of sun glint is also studied. 
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Figure 1: SMOS snapshot brightness temperature image snapshots with RFI contamination. 

 

Figure 2: Results of RFI geolocation with BT image in the upper side [a,b,c] and MUSIC spectra in the lower side. 
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Introduction 
The problem of storage and querying of large volumes of spatial grids is an issue to solve. In 
this paper, we propose a method to optimize queries to aggregate raster grids stored in 
databases. In our approach, we propose to estimate the exact result rather than calculate the 
exact result. This approach reduces query execution time. One advantage of our method is 
that it does not require implementing or modifying functionalities of database management 
systems. Our approach is based on a new data structure and a specific model of SQL queries. 
Our work is applied here to relational data warehouses. 
 
 
The grids (regular or not) are a conventional spatial data format [1]. In this representation, 
each cell is associated with a measure (usually a numeric value). The cells of a grid matrix 
can be represented by pixels where the colours correspond to different values (or ranges) of a 
measure, for example, temperature, vegetation density, CO2 measurements, etc. Spatial grids 
can be used to represent different facets of the digital earth. In many areas, the analyses of 
these data can help decision-makers to address issues such as global climate change, 
pollution, natural disasters or resource management.  
Currently, in many activity areas, an increasing number of grids are produced. The amount 
of available data continues to grow with the advances of new technologies such as remote 
sensing techniques [2]. These data can be measures of observed phenomena or can be 
produced by simulation; they can be phenomena of the past or present (but not measured or 
measurable in practice) or forecasts into the future.  
 
Data warehouses (DWs) are a modern technique to store and aggregate information [3][4]. 
This technology offers the advantages provided by databases (security, data backup, 
integrity check, etc.) and facilitates and optimizes the aggregation operations on data (i.e., 
the GROUP BY operations in SQL). An example of aggregation operations is the sum of 
sales, aggregated by stores, month and/or city. In DW and OLAP systems (“On-Line 
Analytical Processing”), the goal is to provide very quickly aggregated data to the user. 
OLAP tools provide specific GUIs that allow the user to visualize and easily explore large 
volumes of data in an iterative manner. The display of spatial data on maps becomes 
possible through tools called “Spatial OLAP” [5]. With these tools, the user easily combines 
various criteria of aggregation (e.g., aggregations of data by day, week, month, year, city, 
county, country, type of product, etc.) and, then, changes the criteria interactively and 
iteratively to obtain another aggregated view of the data. In this type of tool that is focused 
on interaction with a user, the performance in terms of response time of queries is essential. 
Currently, the performance of the DW is not suitable to aggregate spatial grid data. We 
illustrate this point. Suppose we want to aggregate p raster grids (grid size m*n) by using the 
sum function. Each grid covers exactly the same spatial area. The result of the aggregation 
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will be a single grid of size m*n. The following simple aggregation method can be used to 
calculate the sum for each cell (x,y): 

 
  
This method is a sum of matrices (each grid is a matrix). If we now choose the average 
function, the formula will be:  

 
 
 
Figure 1 illustrates the aggregation of three small grids with the average function. 
 

 

Figure 1: Average of 3 grids  

 
Conventional DWs are suitable for aggregating simple objects (e.g., for aggregating p sales 
amounts). In the case of grids, contrary to the conventional DW, the aggregated p objects are 
composite. These objects are grids composed of several cells. It is necessary to aggregate m*n 
values for a resulting grid. This aspect raises performance problems. Suppose an application 
produces one small grid of size 500*500 each day. To provide a set of grids aggregated per 
month over the last 10 years (i.e., 120 grids of size 500*500), it will be necessary to aggregate 
30 million values (= 500*500*12* 10). This volume of data implies performance issues. While 
DW/OLAP technologies provide user-friendly tools to visualize and interactively explore 
aggregated data, current DWs are not designed for the aggregation of raster grids. 
 
In this paper, we propose a new method to optimize the aggregation operations of raster 
grids (of the same size) in DWs. Our method is based on the calculation of an estimate of the 
aggregated grids. This estimation is less costly in regard to time than the calculation of the 
exact result. With our approach, it is possible to adjust the accuracy of the results according 
to the desired performance; the closer the results produced by our system are to the exact 
result, the less the gain in execution time (and vice versa). In this paper, we take into account 
the case of sum and average aggregate functions. 
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