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APPLYING CONVNETS IN TAGGING HEAVY PARTICLES IN LARGE 
PILEUP ENVIRONMENTS

Introduction
Aaron Coe
Supervised by: Julie Hogan
Bethel University, Saint Paul, Minnesota, USA
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▪ Jet images formed from the interaction of the decay of a 
particle with the detector is used as the input for the ConvNet

▪ Jet images ranging between 0 and 200 PU were generated
▪ Two sets of jet images were generated for data filtered with 

Charged Hadron Subtraction (CHS) filter and Pileup Per 
Particle Identification filter (PUPPI). 

The top row represents the more standard collision and the bottom row represents the heavy particle. A) represents a jet image for a collision at 0 PU and is an example of what is given to the ConvNet. B) 
average of the energy distribution for 0 PU. C) the average energy distribution after being preprocessed for 0 PU. D) average energy distribution for 200 PU filtered by CHS. E) average energy distribution for 200 
PU filtered by PUPPI.

▪ The standard method for judging performance of an AI is to 
observe the area under the Receiver Operating 
Characteristic Curve. A larger area represents greater 
performance. 

▪ Surprisingly, for networks trained and tested on jet images 
with PU, greater performance was found for ConvNets
tested on jet images with greater PU.

▪ These deviations from expectation may be the result of 
computer bugs in the code. They may also be a unique 
feature of ConvNets.  They also could be a result of applying 
the PU filters.
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Scientists are searching for new particles to explain physics phenomena using 
particle accelerators.  Detection of these particles is challenging because random 
noise interferes with detection. Since 2015, researchers have demonstrated that 
artificial intelligence (AI) can be used to identify the path made by the particles 
produced by a single proton collision.  This path is called the jet image. This study 
used an AI to distinguish between these particles and the numerous typical 
collisions in particle accelerators in an environment where multiple proton 
collisions occur. This last condition is important because real world particle 
accelerators do not collide single protons, but instead collide groups of protons, 
which, unfortunately, also produces random noise called pileup (PU).  This random 
noise makes it more difficult to identify the desired particles.
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Conclusion
▪ For ConvNets, it appears higher PU levels produce greater

performance except for 0 PU
▪ Further examination would include the effect of applying

PU filters and investigating performance of different DNNs



Alternative simulation methods
Using state vector simulation, exponential growth in 
space limits the number of qubits. Other simulation 
methods can circumvent this. 

Clifford Simulation allows a subset of circuits to be 
simulated efficiently, as they form a mathematical group. 
Near-Clifford simulation augments this method to allow 
for other circuits. Path integral and tensor network 
methods exchange space for time. 

State Vector Simulation
The standard approach to simulating quantum circuits is 
using vectors. An n-qubit quantum computer is described 
with a 2n dimensional complex vector. 

The time and memory requirements are intensive, but can 
be somewhat reduced through the use of new algorithms, 
and parallel computing.

Improved Gate Level SIMULATION OF 
QUANTUM CIRCUITS

New ways to do computation are being developed using quantum mechanics. As researchers move 
toward large scale quantum computers, a need for fast and accurate simulations exists. I use state of 
the art algorithms to analyze, optimize and simulate quantum circuits in the most efficient way. 
By Adam Kelly with Society for Science & the Public.

Research Objectives
My research was completed to fulfill the following goals:

Usability: develop tools to simulate an arbitrary 
quantum circuit using the ‘best’ methods.

1

Methods: improve on existing simulation 
techniques, taking advantage of algebraic and 
topological constraints.

2

Performance: to perform fast, efficient 
simulation, usable with hardware accelerators 
and distributed systems.

3

To achieve this, I developed a selection of tools, 
utilizing state-vector, tensor network, path integral and 
Clifford/near-Clifford simulation. The tools improve 
over existing approaches in terms of speed and utility.

Classical Preprocessing
Introducing a classical preprocessing step allows for 
simulation methods to be optimally chosen. It also allows 
for optimizations to the circuit, the simulation process.
Slow parts of the simulation can also be identified and 
reduced.

Conclusions
Simulation of quantum circuits is a key aspect of the 
future development of quantum computers. Using these 
simulation and preprocessing methods allowed any 
circuit to be run quicker, and with more qubits and gates  
than before. This allows researchers to prototype and 
test algorithms faster and more effectively.

Figure 1. Clifford simulation only allows for a 
small number of quantum states

Figure 2. States can be described by adding the
possible ways that the state can be reached

Figure 3. The vector’s size limits the simulation. 
Updates to the vector must also be done quickly

Figure 4. The preprocessor looks at different 
parts of the circuit, improving the simulation.



First step: Develop a concentric 
hexagonal tube structure that would 
divide the view into different sectors.

Second step: Acquire characterized LC 
(liquid crystals) that can  darken each 
sector only with a small input voltage.

Third step: Produce semi-transparent 
organic solar cells that provide the 
signal for the  liquid crystal shutter.

Adrien Jathe 
Germany

Society for Science & the Public

Directional Darkening Technology for Smart Sunglasses
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Rapid darkening
Darkening process <60ms 
(within 250ms eye reflex)

Directional
Minimum darkening sector
<8°

Battery and Controller 
free

The combination of the
solar cell and liquid crystal
curve make a controller
and battery redundant
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Light intensity < 200lx à
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Continuous degree of 
opacity
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[1] All diagrams, graphs, and photographs were produced by the author.

Advantages

It is unpleasant and dangerous to be blinded by light.
This project aimed at developing a new technology for
smart sunglasses that would automatically and
selectively darken only the bright light sources.
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Sunglasses
Transmission: 14.0%

Transmission Curve Active Darkening System

The miniaturized darkening system

In the low light (<250lx) the transmission is at 13.8%, in medium light (<1500lx) between
13.8% and 0.4%, and in bright light conditions (>1500lx) at 0.4%. This process requires ~60ms.
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Some methods of proof 

For all complex numbers 𝑎1, 𝑎2, … , 𝑎𝑛 and 𝑏1, 𝑏2, … , 𝑏𝑛 

there is an inequality 
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Consider sequences of complex numbers {𝑢𝑘}𝑘=1
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Hence, the Cauchy-Bunyakovsky inequality has the form: 
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If 𝑢1, … , 𝑢𝑛  and 𝑣1, … , 𝑣𝑛  are quaternion, then the 

Cauchy-Bunyakovsky inequality has a form: 
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Stabilization of Quantum Dots in Polymer Matrices 
Over TimeAriel Ben Dor

The Institute of Chemistry and the Center for Nanoscience and Nanotechnology,
The Hebrew University of Jerusalem, Israel.

Introduction
Nano-semiconductors or quantum dots (QDs) are nanometer sized semiconductors. Some of these quantum dots exhibit
photoluminescence, which means that they emit their own light with a specific color when exposed to light (figure 1). One
way of quantifying the “brightness” of these QD´s light emission is to measure the quantum yield (QY), which is the ratio
between the amounts of light emitted and the light absorbed by the quantum dots. A QD is considered "brighter" and more
active when its QY is higher. However, when the QDs are exposed to an outside environment the QY decreases over time,
which limits their utility for long-term uses. A common method for stabilizing the QDs is encapsulating them in polymer
matrices, however, my fellow colleagues and myself did not find a study that verifies their stability over long periods.

Results
The results of this study show that QDs’ quantum yield is in fact
stabilized over time in polymer matrices (figure 4). The PEG matrix
proved to be the most effective stabilizer of the QDs’ quantum yield.
This is a direct result of the polymer´s structure and its interactions
with the QDs´ capping ligands.

Conclusions
It was found that the polymer matrices help stabilize the QDs over
time and maintain the photoluminescence quantum yield. The best
results were achieved by the PEG matrix. The most influencing factors
of the polymers’ structure are molecular interactions, number of
atoms, polymer branching, and polarity.

Research Goals
The goal of this research was to find out the behavior of encapsulated QD’s quantum yield in long periods of time. In order to
do this, I analyzed to which extent PMMA, PVP, PEG and PS polymer matrices stabilize a special type of quantum dot with a
CdSe@CdS core-shell.
Methods

hv

hv*

Figure 4: QY as a function of time. 

Figure 1: Photoluminescence and quantum yield calculation. Figure 2:  TEM image of CdSe@CdS quantum dots.

Figure 3: Schematic illustration of the experiment. A) QDs synthesis.  B) The four different polymers used in this study and the ligands.      
C) Spin coating. D) The photoluminescence QY was measured over time.
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CONCLUSIONS

• Number of asymptomatic infections reduced significantly pre- to post-IRS.

• But individuals were still infected by genetically distinct parasites.

• Parasite populations have remained highly diverse.

• In fact, they are significantly more diverse post-IRS.

• It appears that 3-rounds of IRS did not perturb diversity in Bongo,

suggesting malaria control is even more difficult than anticipated.

References: Rowe AJ, Claessens A, Corrigan RA et al. Adhesion of Plasmodium falciparum-infected erythrocytes to human cells: molecular mechanisms 

and therapeutic implications. Expert Rev Mol Med 2009;11:2097 29. 

Figure 4. Prevalence of (A) asymptomatic P. falciparum infection. (B) reported bed net use (P =
0.1256), (C) reported antimalarial use (P < 0.001), in the T1 (dark green) and T2 (light green).

No differences in reported bed net use and significant decrease in

antimalarial use from T1 to T2.

RESULTS: Significant reduction in number of
asymptomatic P. falciparum in all ages

RESULTS: IRS did not reduce the genetic diversity 
of P. falciparum

Invisible malaria: Using genetics as a tool to monitor 
hidden malaria infections over time 

Did the Indoor Residual Spraying intervention affect the 
reservoir of asymptomatic P. falciparum infections? 

Funding:Collaborations: Support:

Figure 2. Study location of Bongo (red) 

in Ghana (upper, left). Compounds 

sampled (dots) within each catchment: 

Vea/Gowrie (purples) and Soe (greens). 

STUDY DESIGN

•Malaria in Bongo is hyperendemic with seasonal transmission. 

• P. falciparum DNA was extracted from human blood samples. 

• 200 of these ‘isolates’ were chosen to undergo multilocus microsatellite 

genotyping. 
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Mercedes Pascual3, Kwadwo A. Koram4, Karen P. Day1, and Kathryn E. Tiedje1
1 School of BioSciences, Bio21 Institute/The University of Melbourne, Melbourne, AU
2 Navrongo Health Research Center, Ghana Health Service, Navrongo, GH, 
3 Department of Ecology and Evolutionary Biology, University of Chicago, USA
4 Noguchi Memorial Institute for Medical Research, University of Ghana, Legon, GH

• The number of unique alleles increased. Measures of genetic 

diversity increased T1 to T2.

• Effective population size increased in T2. IRS did not result in a 

bottleneck (i.e., reduction in population size and diversity). 

• Microsatellite loci were randomly associated. There is outcrossing 

between parasites (i.e., no selfing). 

@DionneArgy

*Email:  dargyropoulo@student.unimelb.edu.au

Figure 1: P. falciparum life cycle adapted from
Rowe et al. (2009).

parasite without clinical symptoms, yet still transmit malaria if bitten. Malaria 

elimination is difficult as most infections are asymptomatic. Microsatellites 

are molecular biomarkers to monitor population structure. We can use these 

loci to monitor the impact of an indoor residual spraying (IRS) intervention. 

IRS interrupts transmission of P. falciparum by targeting vector survival.

BACKGROUND
Malaria is an infectious disease 

transmitted to humans by female 

mosquitoes. ~99% of global malaria cases 

are caused by the parasite Plasmodium 

falciparum. 91% of the global malaria 

burden is in sub-Saharan Africa. People 

are ‘asymptomatic’ when they carry a 

2012 2013 2014 2015

Pre-IRS Post-IRSIRS

T1 T2

Study design: Serial cross-sectional study with N ≈ 2000

Figure 3. Study design: Conducted at the end of the wet season pre-IRS (October 2012, T1) and 

post-IRS (October 2015, T2) after three IRS treatments with <95% coverage.

54% (T1) and 54.4% (T2) of
the tested asymptomatic
people harbored >1 parasite
genotype.

Majority of isolates (96.5%) were
unrelated in space and time
(P < 0.001).
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INVESTIGATION INTO THE ALPHA-SYNULCEIN 
ACCUMULATION IN PARKINSON’S DISEASE MICE

Elena Su, Switzerland
Schweizer Jugend forscht (SJf)

Method
Mice were injected with aSyn fibrils in the cerebrum
and their cerebellum stained based on an immuno-
histochemical protocol. Immuno-histochemistry is a
staining method performed on tissue samples to detect
a specific target, in this case aSyn, with antibodies. To
investigate the spread of the aSyn pathology within the
cerebellum, the sections from two different time points
after the aSyn injection (early and late) were compared.

Results
Immunoactive signals (dark brown patterns) were found
in all aSyn-injected sections and it could be observed
that the intensity, shape and distribution of the aSyn
staining patterns change in a time-dependent fashion.
In the late time point section, the aSyn features are
more intense, differently shaped and more widespread.

Introduction
A major pathological hallmark of Parkinson’s Disease (PD), the second-most common neurodegenerative
disorder, is the presence of the protein alpha-synuclein (aSyn) in a misfolded, accumulated and potentially toxic
conformation within neurons. To some extent, one specific mouse model called Thy1-h(wt)aSyn imitates the
formation of such aSyn inclusions in various brain regions. This study aimed to clarify to what extent the
cerebellum is affected by the aSyn accumulation in that model.

Figure 1. Molecular model of an aSyn fibril showing the arrangement of two 
aSyn molecules (blue/orange) and their initial (L38) and final (V95) residues.

Guerrero-Ferreira, R. et al., Cryo-EM structure of alpha-
synuclein fibrils, eLife, article no. e36402, 2018.

Figure 2. aSyn-injected early time point section Figure 3. aSyn-injected late time point section

Discussion
Although the triggering and propagation of an aSyn pathology in the brains of the Thy1-h(wt) mouse model could
be demonstrated, the underlying mechanism that leads to the propagation remains unknown. Moreover, it could
not be proven whether the detected signal patterns only consist of the injected fibrils and not also of endogenous
murine aSyn. One common notion, namely the prion-like hypothesis, suggests that the aSyn inclusions - besides
propagating themselves - could act as a template to induce further pathology in yet unaffected aSyn.

Conclusion
This study indicates that the injection of aSyn into the the
Thy1-h(wt)aSyn transgenic mouse model induces a aSyn
pathology that spreads to the cerebellum. The data obtained
support the notion that the cerebellum might be involved
more strongly in PD than previously thought.



HOVERBOARD

A MAGNETICALLY LEVITATED VEHICLE

Felix Sewing, apprentice at Zurich Group Germany
and
Alex Korocencev, student at University of Basel

In this project, we have built a hoverboard, a device that levitates through magnetic repulsion.

The Hoverboard
Our hoverboard uses four tiltable
rotating discs fitted with strong
permanent magnets. It induces an
opposing magnetic field in a
diamagnetic metallic plate located
beneath it, which is used for the
levitation as well as for the
propulsion and steerability. The fast
rotation speed of the disks leads to
levitation. By tilting the disks the
hoverboard can be moved forwards
or backwards. It is remote controlled
and can hover on horizontal plates
as well as on slopes up to 20°.

Figure 1: This is a design model of our hoverboard showing the aluminum
plate beneath, its guide rail and the board with 4 tiltable disks.

Figures 2-4: On the left is the hoverboard that can hover along a guiding rail forward and backward. It has 4 
rotating discs where the left and rights ones can be tilted in pairs. In the middle and on the right is the hoverboard
that has 4 individually tiltable discs allowing a movement in all directions. 

The stabilized Halbach-Array
The original Halbach-Array uses magnets
arranged linear in the following pattern:
→↑←↓→↑←↓→. This leads to very strong
inner forces and by this weakens the
overall structure. A modification by taking
the magnets out of a linear line stabilizes
the system and removes safety risks
without weakening the magnetic field too
much.

Figure 5: The stabilized Halbach-Array.

Theoretical studies and simulations
We have simulated the magnetic fields for our new magnetic
arrangement in a special software application (COMSOL) on a
high-performance computer at the University of Basel. All the
simulations confirmed the results found in experiments. It also
confirmed that it’s more valuable to have thinner walls than
slightly stronger fields in the Halbach-Array arrangement.

Figure 6-8:
Simulation of 
magnetic and 
electric fields 

and the equation 
behind. 
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Automation and Remote Control of Astronomical 
Telescopes for a Global Asteroid Survey

Florian Vamosi
Hungary, Mihaly Tancsics Grammar School of Kaposvar, Science Laboratory and Hungarian Association for Innovation

Introduction
I have been an amateur astronomer since I was six years old. For a couple of years I have been an astrophotographer and research 
student. I first got the idea of this project, when I was trying to get started with my minor planet photometry research, and 
couldn’t get telescope time for it. The situation got me thinking, and I figured out, that my own amateur astronomy equipment was 
good enough for my research. I live near the Zselic Hills, so it was a natural decision to start doing my research under the skies of 
the Zselic Starry Sky Park, International Dark Sky Park Then I got the idea of making a system, that would automate the data 
collection, so that I don’t have to work out in the cold all night and it would also make it easy to involve other people.

The Problem 
As of today, there are more than 20000 
known Near Earth objects(NEO), about 
10000 of which are known to be bigger 
than 140m (see Table 1).  At the moment 
their discovery and orbit computation is 
not happening fast enough[2]. There are 
a lot of large, unknown objects. The 
matter is really important, but still, 
there is not enough available telescope 
time on professional research 
telescopes, to discover and study them. 
This poses a problem, because we can’t 
prepare for a collision in time.

 

The Solution
The only way to get sufficient telescope 
time for this kind of research is to 
involve amateur astronomers. A lot of 
them want to participate and have the 
right equipment[1,2](see Figure 1), but 
they either don’t have the required 
knowledge or they find it tedious.
My newly proposed product(see Figure 
2) solves this problem. The product is an 
automation system, which connects 
astronomical equipment(mount, focuser, 
camera, autoguider etc.) and automates 
the data acquisition for this research.
The measurements of minor planets are 
automatically collected into an online 
database, where my software computes 
the orbits automatically using the 
Gauss-Lagrange method, from three 
different nights data(see Figure 3). 
Unlike the previous efforts called 
“Pro-Am” collaborations, to join 
scientific research with my project, no 
extensive knowledge is required on the 
amateur side.

Conclusion
My product will make it easy to join 
surveys, and the more people, the more 
clear skies and more telescope time for 
for the types of research that otherwise 
don’t get enough time on professional 
telescopes. The product is in the testing 
phase now(see Figure 3), very close to 
introduction to the market, but a couple 
of them sold could make a huge 
difference. This hopefully will 
considerably shorten the time needed to 
discover and study all NEOs bigger than 
140m.

References
[1] Ringwald, F. A., et al. The Research Productivity of 
Small Telescopes and Space Telescope: 
arXiv:astro-ph/0309772; 2003
[2] Chesley, S. R. and Veres, P. Projected Near-Earth 
Object Discovery Performance of the Large Synoptic 
Survey Telescope: JPL Publication; 16-11 2017

Table 1. Percentage of known asteroids by 
sizes according to CNEOS

Size       Known %Known
1 km and 896 ~90%
larger
140 m and 8685 ~57%
larger
all sizes 20427   N/A

Figure 1. Amateur Astronomers and their equipment at a Hungarian Star party on my 
Fulldome Panorama Image

Figure 2. My system mounted on a 
typical telescope setup

Figure 3. One of the first test 
operations of the system
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※ Immature neurons are different
morphologically from mature ones.
In addition, they are known to fire
more easily than mature ones.

CHANGE IN NEURONAL ACTIVITY OF
HIPPOCAMPAL NETWORK BY IMMATURE NEURONS

Fumika Moriya
The University of Tokyo / Japan / The Japan Prize Foundation

Learning & Memory

Newborn neurons are generated
continuously in adult brain.in hippocampus

Newborn Immature Mature
neuronal  network

hippocampus
brain

behavior

2 mm

2
m

m

Microelectrode array

50 μV
500 msSpike

[6][7] 

Q1. How much of the degree of synchronization
did neuronal network show ?

A1. The existence of immature neurons reduced the
synchronicity of mature neuronal network.

Factors Adult neurogenesis
Aging, Diabetes Significant drop ↓
Alzheimer’s disease Abnormal increase ↑

[1]

[2]

Increasing rate in number of spikes

mature +immature

*

0.06

0.08

0.10

mature +immature

The ratio of CC at no time lag to total of CC

The existence of hyperexcitable
immature neurons reduced the
degree of synchronization of
mature neuronal network.

The relationship between the
ratio of adult neurogenesis
learning and memory will be
investigated for future work.

This change made the neuronal network respond
more easily to both trained and untrained patterns,
which leaded to more enhanced learning of both
patterns without distinguishing them.
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These results can be helpful to
elucidate the effect of adult
neurogenesis on learning and memory
at the level of neuronal network.

Adult Neurogenesis

Previous research has reported abnormality
in adult neurogenesis is found in patients
who have trouble remembering and learning.

[3][4][5] 

Some behavioral experiments have shown that
mice with ablation of adult neurogenesis
exhibit reduced spatial learning, but others
have reported no change in ability of learning
is observed in excision rats with excision.

“How do immature neurons
change electrical activity of
mature neuronal network?”

I gave two patterns of electrical
stimulations to the neuronal network
alternatively and in the middle, I
trained it to learn only one pattern
by giving stimulations at high
frequency. I compared the number
of evoked spikes to each pattern
between before and after training.

TestTest Training

Every 3s, 100times High frequency

trained pattern untrained pattern

Every 3s, 100times

Q2. How much did the number of spikes increase between before and after training?

A2. The existence of immature neurons facilitated learning of not only 
trained pattern but also trained pattern in neuronal network. 

I calculated cross correlations (CC) among pairs of
spike trains of each electrode in order to evaluate
how many spikes occurred at the same time at
different electrodes while time lag is considered
and shifted. If a neuronal network shows spikes
simultaneously, CC should be large at no time lag.
Synchronicity of the network can be described as
the ratio of CC at no time lag to the total of CC.

The network with immature neurons
showed more increasing rate in number
of spikes in response to both patterns
than the mature one.

The network with
immature neurons
showed smaller CC
at no time lag than
the mature one.

record
stimulateI compared electrical activity

called “spikes” of neuronal
network between with and
without immature neurons.
Neuronal network shows
spikes both spontaneously
and in response to external
stimulations.
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DYNAMIC LANGMUIR MODEL
A SIMPLER APPROACH TO MODELING WATER DESALINATION BY CAPACITIVE 

DEIONIZATIONJohan Nordstrand
Sweden, KTH Royal Institute of Technology

Desalination is the process of removing salts from water and is crucial for
addressing the global problems related to scarcity of drinkable water. One novel
technology for desalination is capacitive deionization (CDI), which is promising for
being both environmentally friendly and energy-efficient. In this work, a model
has been developed which makes it possible to predict and optimize the CDI
performance in a simple way.

Prediction and optimization
The DL model can predict CDI performance depending on
operating conditions such as the applied voltage.

Describing real-world situations
The DL model can describe complex real-world
situations in simple way, such as desalination of
water with many different ion types.

Figure 4. The collected charge on the CDI cell and 
the removed salt from the water increase linearly with 

the applied voltage V.

Capacitive deionization (CDI)

References:
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Myint, and J. Dutta, “An Easy-to-Use Tool
for Modeling the Dynamics of Capacitive
Deionization,” J. Phys. Chem. A, 2019.
[3] J. Nordstrand, K. Laxman, M. T. Z.
Myint, and J. Dutta, “An Easy-to-
implement Optimization Method for
Desalinating Water using Capacitive
Deionization,” Ready for submission.

Figure 1. The structure of a typical CDI cell

Figure 2. Lab setup. (left) Water tank.  
(right) Pump and CDI cell Mg2+

Na+

Ca2+

Figure 5. The equilibrium relative adsorption of K+, Na+

and Ca2+ in a solution with multiple ion species is 
proportional to the relative concentration.

Data from: Kim, T.;
Dykstra, J. E.; Porada, S.;
van der Wal, A.; Yoon, J.;
Biesheuvel, P. M.
Enhanced Charge
Efficiency and Reduced
Energy Use in Capacitive
Deionization by Increasing
the Discharge Voltage. J.
Colloid Interface Sci.
2015, 446, 317–326.
https://doi.org/10.1016/j.j
cis.2014.08.041.

Data from: Hou, C.; Huang,
Z.-Y. A Study of
Electrosorption Selectivity of
Anions by Activated Carbon
Electrodes in Capacitive
Deionization. Desalination
2015, 369, 46–50.
https://doi.org/10.1016/j.de
sal.2015.04.022.
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Figure 3. An illustration of ion adsorption/desorption

Fundamental question: What are the key underlying
principles of salt removal, and how can they be
represented in a simple way?

Underlying principle: The adsorption rate depends
on salt concentration in the passing water and
remaining storage capacity. The desorption rate
depends on the amount of salt stored.

Two properties of interest:





INJECTABLE, CELL-RESPONSIVE SUPRAMOLECULAR 
HYDROGEL FOR LUNG ORGANOID GRAFTS

June Y. Park1,2, Kelly Evans2, Stefan Mommer1, Oren A. Scherman1 , Joo H. Lee2

University of Cambridge, UK
1Melville Laboratory for Polymer Synthesis, Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge, UK.
2Cambridge Institute for Medical Research and Wellcome Trust/MRC Stem Cell Institute, University of Cambridge, Cambridge, UK.

Organoids, or 3D stem cell derived organ-like structures, are emerging as a potential transplant replacement1, 2, 3, 4 but local,
minimally invasive delivery remains a challenge5. An injectable, cell-responsive supramolecular hydrogel transiently crosslinked
with cucurbit[8]uril-mediated host guest chemistry is developed for potential treatment of chronic, aging related lung diseases
such as idiopathic pulmonary fibrosis (IPF). These preliminary results confirm the shear thinning and self healing mechanical
properties of the hydrogel, as well as capacity to promote primary stem cell organoid growth in 3D culture.

Overview
Engrafting organoids, or 3D stem-cell-derived structures that
resemble in-vivo organs, shows promising results as
regenerative therapy.1, 2, 3, 4, but highly controlled, local
delivery remains a challenge5.

Hydrogel Synthesis
Hyaluronic acid (HA) was functionalized with methacrylic
anhydride at room temperature overnight in the dark. Cell-
responsive peptides were synthesized using microwave
peptide synthesizer. Peptides were added to methacrylate via
nucleophilic addition. A hydrogel was formed upon the
addition of the cucurbit[8]uril (CB[8]) macrocycle which
created dynamic links between adjacent polymer chains.

Organoid Culture
Lung organoids can be formed from different types of adult
stem cells. Figure 3 shows the typical images of lung
organoids grown from various types of lung stem cells.

Figure 2. Synthesis of functionalized polymer with cleavable peptide sequence

Figure 1. Schematic of supramolecular hydrogel formation and lung organoid graft

CB[8]
+

Organoid

+

Gradual degradation of scaffold
with organoid growth

Organoid-loaded hydrogel
injected into distal lung

Primary stem cell viability and organoids forming capacity
were demonstrated via image captured using fluorescence
microscopy on Day 10.

Transwell Insert

Upper compartment

Hydrogel with organoids

Microporous membrane

Lower compartment

Culture Condition
Day 10 Mouse Alveolar
Organoids

Figure 4. Culture Condition and image of organoid grown in hydrogel on Day 10
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Methacrylic anhydride
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Guest

RGD

Pro-Leu Gly-Met-Trp-Ser-ArgCys Phe

Arg-Gly-Asp SerCys

Hyaluronic Acid
Conclusion
With the growing number of stem cell organoid research for
treatment of diseases and cell therapies in the market, the
mode of cell therapy delivery will become increasingly
important. Using injectable, cell-responsive supramolecular
polymer hydrogel, this project aims to pave a path towards a
minimally invasive regenerative medicine for aging-related
diseases.

A
ir
w

a
y

A
ir
w

a
y
/A

lv
e

o
li

A
lv

e
o

la
r

S
P

C

T
1
a

D
A

P
I

C
C

S
P

A
c
e
ty

l-tu
b

D
A

P
I

C
C

S
P

S
P

C
D

A
P

I

Lee et al. Cell. 2014

Figure 5. Hypothetical schematic of organoid-based regenerative therapy

Figure 3. Airway and alveolar lineage differentiation
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A PULSATING MAGNETIC FIELD STIMULATES
GROWTH IN CRESS SEEDLINGS

Malin Mueller, The British International School of Stavanger, Norway

Just like gravity, the Earth’s geomagnetic field is always present for living organisms. So if it were to change, one might 
expect biological systems to respond. Migrating birds detect the direction of this magnetic field and use it as a 
navigational tool. A medical device that creates a pulsating magnetic field (figure 1) claims to heal fractured

bones, torn ligaments or tendons and 
sprains by improving substance exchange, 
cell orientation and blood flow. Cells 
contain weak diamagnetic or polar 
substances which would be affected by 
an externally applied magnetic field. 

Research Question: Does exposure to a 
pulsating magnetic field affect plumule 
growth in germinating cress seeds? 

Method:

Discussion
Statistically there is well below a 0.1% probability of the 
experimental and control lengths being the same. Increased 
exposure to a pulsating electromagnetic field therefore has a 
statistically significant biological effect with the cress plumules 
in the experimental group growing longer.

Increased length could result from:
1. Increased cell division (resulting from increased kinetic 

movement of magnetically active molecules);
2. Cell elongation (a characteristic of tropic movements in 

plants, having more vertical growth may support this 
idea);

3. Both could be happening.

Future investigation: Repeating the experiment with the 
magnetic field at right angles will test whether this growth 
movement is directional in which case it is a tropic response 
(magnetotropism) or if it is a non-directional nastic response 
(magnetonasty).

Figure 1: The electromagnetic coil (left) and its magnetic field (right).

Figure 2: Seedlings germinating within the pulsating magnetic 
field (far left), cut plumules measured with dividers (right). 

Figure 5. The distribution of data collected.

Figure 3: Experimental 
seedlings grow vertically.

Figure 4: Control seedlings 
grow less vertically.

Results
Figures 3 and 4 show experimental seedlings growing straighter than the controls. The plumule lengths in the 
experimental and control conditions are shown in Figure 5 below.  



Fig. 3: On the x-axis, is the angle of the boom to the wind 𝜃 in Deg.. On the y-axis, 

is the force created by the sail 𝐹𝑠 in N. Each graph represent different wind speeds 

v in m/s. The graphs show that if the angle of the boom to the wind 𝜃 or the 

windspeed v increase then the force 𝐹𝑠 increases too.

The Perfect Europe Dinghy Sailor
Nikolai Tiedemann

Egaa Gymnasium & UNF

The Wind Tunnel

In the process of defining The Perfect Europe Dinghy Sailor, the physics of 

sailing are presented in terms of Bernoulli’s Principle. To describe the 

physiology of dinghy sailing, a work analysis is conducted on the basis of a 

motion analysis. A scale model is designed, and an experiment is performed 

in a wind tunnel. Besides, a mobile wind speed sensor is constructed. Finally, 

a complete force analysis of the Europe dinghy and athlete is performed.

Fig. 2: The picture shows me hiking, which is the most important job sailing the 

dinghy. When hiking, the body is exposed to physiological stress.

In the fifteenth century, Christopher Columbus sailed across the Atlantic 

only with the power of wind and discovered America. I find it interesting that 

sailboats and the technology that makes it possible to sail have existed for so 

long. My project is trying to define how to become The Perfect Europe 

Dinghy Sailor. To do this, I will explain the physics and physiology of dinghy 

sailing. Furthermore, a tool is developed to help me understand the athletes 

and their decisions on the water.

1. Introduction

Fig. 1: On the picture to the left is a wing and on the right is a sail. The wind flow 

is illustrated around both. The red dotted line shows the imaginary backside of the 

sail created by the wind flow. On both, the path the wind flow must follow are 

longer on one side than the other. 

2. Materials & Methods

Bernoulli’s Principle

The Physiology

In light of the discussed theory and conducted experiments, the following 

is concluded:

• It is possible to perform an almost complete force analysis by 

combining data from model experiments and experiments on the 

water.

• In Europe dinghy sailing you mostly use the quadriceps and upper 

body to manipulate the dinghy. 

• Scale models are a useful tool to represent reality if you follow specific 

rules.

• The force analysis provides a greater knowledge regarding movement 

patterns for the athlete and makes it possible to understand the 

athletes and their decisions on the water.

3. Conclusion

Anderson, B. D., 2003. The Physics Of Sailing Explained. New York City: 

Sheridan House.

Christiansen, R. B., 2011. Arbejdskravsanalyse af europajollesejlads. [Online]

Franch, J. & Bo et.al., I., 2009. Idræt B - idrætsteori. s.l.:Systime.

Hibbeler, R. C., 2016. Fluid Mechanics in SI Units. s.l.:Pearson.
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The Force Analysis

The Accelerometer and Movement

Fig. 5: The picture shows data measured with the wind speed sensor on the 

dinghy combined with data from the accelerometer, and results from the scale 

model experiment. The video is used to find the angle of the boom to the wind.

Fig. 4: The principle of an accelerometer can be described by a sphere in a box. 

When the sphere touches the sides of the box the accelerometer can sense the 

force. Knowing Newton’s 2. law the acceleration can be found. 
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ANTIMICROBIAL ACTIVITY FROM PLANT EXTRACTS 
Patricio Moscoso Ramirez
MEXICO. PREFECO Andrés Quintana Roo, Cuernavaca, Mor. Instituto de Biotecnología, Universidad
Nacional Autónoma de México, UNAM.

Due to the increased resistance to antimicrobial agents, and the constant search for alternative solutions to this
problem, this project aims to find antimicrobial activity in plant extracts. The use of medicinal plants does not
require a complex chemical process; thus in this project we showed how garlic is an effective source of
antimicrobial activity that inhibits bacterial growth of E. coli and S. aureus.

INTRODUCTION
Bacteria are a group of single-cell organisms
which lack nucleus and organelles. These
microorganisms have a wide variety of
functions: decomposition of organic matter,
nitrogen fixation and acting as symbionts,
among other things. However, a group of
bacteria are pathogenic to humans, sometimes
causing death. The use of antibiotics to control
them has been complicated by the appearance
of "multi-resistant bacteria (MR)", bacteria that
have developed mechanisms to inhibit the
action of antibiotics. This is observed more and
more frequently and exposes the human
population to deadly infections.

Bacterial multi-resistance is a pressing problem
for humans. For this reason, this project aims to
identify antimicrobial activity in plant extracts,
as these and the essential oils of plants have
shown to be effective in controlling the growth
of microorganisms, including filamentous fungi,
yeasts and bacteria.

HYPOTHESIS
Plant extracts like oregano (Origanum vulgare),
garlic (Allium sativum), onion (Allium cepa),
Bougainville (Bougainvillea glabra choisy) and
clove (Syzynium aromaticum) contain active
compounds that inhibit the growth of bacteria.

RESULTS
• The methodology used offers a practical option for the

identification of antimicrobial compounds.
• In the project, antimicrobial activity was detected in garlic

extracts but not in Bougainville, clove, or onion (Figure 1, 3).
These results allow the possibility of characterizing the
specific components and the evaluation of the viability for
their clinical use.

• The chemical components that determine the antimicrobial
activity in garlic extracts are heat-sensitive (Figure 2) . The
antimicrobial activity of the extracts was lost by 30% after
boiling for 5 minutes when tested in strains E. coli and
showed total loss of activity after 30 minutes of boiling.

CONCLUSIONS 
• Antimicrobial activity was observed in garlic extracts, upon

measuring growth inhibition halos for E. coli and S. aureus.
• Thus, living organisms such as the garlic plant (Allium

sativum) offer potential solutions through molecules that
display antimicrobial activity that help us to continue the
battle against these pathogenic organisms.

• Many more studies are needed to characterize the active
compounds and their effects on other bacterial strains.

Figure 2. Results of the thermal stability 
tests for garlic extracts boiled for 
different times: 0, 5, 15, 30 and 60 
minutes; tested on a lawn of E. coli

Figure 1. Antimicrobial assays of lawn 
cultures of E. coli with scan discs containing 
an extract of either garlic, onion, 
Bougainville, clove or pure ampicillin.

Figure 3. This graph shows the diameter of the inhibition halos of 
extracts (series 1,2, and 3 refers to three independent repetitions)

MATERIALS AND METHODS   
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Plant extracts were prepared by 
washing a sample with water and 
grinding it with 70% ethanol in a 

mortar

Each plant extract was 
placed on a sterile filter 

paper (scan disc)

The scan discs were placed on the
surface of a bacterial lawn culture on
agar plates in yeast extract peptone-

dextrose (YPD) medium

Halos were measured

Thermal stability tests were
performed using boiling water to
see if the antimicrobial activity is
sensitive to higher temperatures

Halos were measured

Bougainville

Oregano

Clove

Onion

Garlic

96ºC

Thermal stability: 

The ability of a material to 

resist a temperature 

change
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Silk-Derived Highly Dispersed Ni 

Supported by N-Doped Carbon Nanosheet 

for CO2 Fixation
Author: Shicheng Hu, Shanghai Foreign Language School, China, Intel International Science and Engineering Fair

Advisor: Gengfeng Zheng, Fudan University, China

I

Introduction

Excessive combustion of fossil fuel is bringing an unprecedented level of atmospheric CO2

and an energy crisis. A possible solution is artificial CO2 fixation, which converts CO2 into

fuels and chemicals. However, CO2 is an extremely stable molecule. Therefore, it is our goal

to develop catalysts to activate the molecule and reduce the energy barrier of CO2

reduction reaction (CO2RR).

I

Silk -- protein of β-sheet structure

◆Rich coordination sites

◆Maintenance of 2D morphology upon carbonization

➢ Direct Formation of Aromatic Conjugated System

◆High annual production/ Low price/ Sustainability

I

Design & Synthesis of Catalyst

Highly dispersed Ni supported by N-doped

carbon nanosheet (Ni/N-C) was synthesized

using silk’s rich coordination sites and ability

to maintain morphology upon carbonization.

Comparison Tests

◆ Is silk’s ability to maintain morphology upon

carbonization essential?
Cotton Chitosan

◆ Are the active sites in Ni/N-C highly

dispersed Ni?
Synthesis of N-doped carbon (N/C) by direct pyrolysis

of silk

✓ Cotton and Chitosan have rich coordination sites
× They don’t have the ability to maintain morphology upon 

carbonization

Same

experimental

procedure

I

Structural Characterization

◆Highly dispersed Ni supported by N-doped carbon

nanosheet (Ni/N-C) was successfully synthesized from

silk & Ni2+.

◆ Both ability to maintain morphology upon carbonization

and rich coordination sites are essential conditions for

the synthesis.

Electrochemical Measurements

◆Ni/N-C: efficient catalyst for CO2RR

◆ Active sites: highly dispersed Ni

◆ Long-time stability of 17 hours

I

Conclusion

◆General method of synthesis of highly

dispersed metal supported by carbon using

carbon polymeric precursors with rich

coordination sites and ability to maintain

morphology upon carbonization

◆Catalytic active sites: highly dispersed Ni

◆Ni/N-C from silk: Catalyst for CO2RR with

high activity and selectivity (FECO > 90%)

and long-time stability

Future Work

◆Generalization of synthetic method

◆Further investigation into unique

chemical structure and propertied of silk

◆ Industrialization of CO2RR



REPRESENT IMAGES AND TEXTS WITH ALIGNED 
MEANINGS

Shunyu Yao

China Association for Science and Technology, China

In machine learning, any data item (e.g. an image, a word, a sentence) can be represented (embedded) as a vector.

Though a single vector is meaningless, the learned set of vectors as a whole (vector space) conveys good semantics

(meanings). For example, vectors of similar words (e.g. cat and dog) have a shorter distance than vectors of different

words (e.g. cat and house), and vector additions and subtractions make sense to people (e.g. king – man + woman =

queen approximately holds). My project improves upon how to embed two modes of data (images and texts) into a

same vector space, and show some interesting semantics in this joint vector space.

Method
We want to embed images and texts

into a same vector space, so that

they have aligned semantics. In a

text-only space, such semantics can

be shown by vector additions and

subtractions (Figure 1).

To this end, we use convolutional

neural networks (CNN) to embed

images, and word2vec and long

short-term memory (LSTM) to

embed texts. We propose to use an

instructive loss for better alignment.

Figure 2. A basic image-text embedding model (left) and our proposed 

improvement (right), with the instructive loss term for better semantic alignment.

blue*. It indicates that the multimodal embedding vector space has a good intrinsic structure left to
explore and make use of.

2 Backgrounds

Generally for image-sentence multimodal embedding, image features are extracted by a deep con-
volutional network (CNN), while representations for words are obtained by skip-gram model or
continuous bag-of-word model [12]. Sentences can be encoded as final hidden states of LSTM and
image features as vectors can also be embedded into the space of LSTM hidden states via an affine
linear transformation. Pairwise rank loss, formulated below, are generally used as the objective.

2.1 Pairwise rank loss

For training the multimodal embedding, image-description pairs are given. Images are represented
as the top layer (before the softmax) of a CNN trained on the ImageNet classification task, e.g.
OxfordNet. Let D be the dimensionality of an image feature vector, K be the dimensionality of the
embedding space and V be the number of words in the vocabulary. Let the image embedding matrix
be WI ∈ RK×D and the word embedding matrix be WT ∈ RK×V .

For an image embedding vector x ∈ RK and a sentence embedding vector v ∈ RK , define a scoring
function (cos similarity)

s(x,v) =
x · v

||x||||v|| (1)

and a contrastive scoring function

g(a,b, c) = max{0,α+ s(a, c)− s(a,b)} (2)

where b is a matching term for a and c is a contrastive term for a, and α ∈ [0, 1] is a constant
threshold. During the training process, we are to optimize

min
θ

!

(x,v)

!

k

g(x,v,vk) + g(v,x,xk) (3)

where {(xk,vk)} is a small set of randomly chosen contrastive terms resampled every epoch. θ
denotes all the parameters to learn. It is trivial to see that cos similarity between corresponding pairs
is encouraged and cos similarity between non-corresponding pairs is discouraged. The contrastive
design of rank loss is vital because it succeeds in keeping distance of different information. For
example, minθ

"
(x,v)

"
k s(x,v) will not work because all the embedding vectors will be identical

in practice.

2.2 Basic model via LSTM

Image feature !! FC !! x

""❈
❈❈

❈❈
❈❈

❈

LSTM !! v !! Loss

Sequence of word features

##

Sentence

##

Figure 1: Basic model MNLM [8]. Image features are from the FC7 layer of vgg19. FC denotes
fully-connected layer. x and v denote image and sentence embeddings respectively. Loss is (3).

2

Long short-term memory [2] is a recurrent neural network that incorporates built-in memory cells
to store information and exploit long range context. As shown above, the basic model for sentence-
image multimodal embedding uses LSTM to take in a sequence of word features. Then the embed-
ding vector for a sentence is the hidden state of LSTM at the last time step. It is the encoder model
applied in [8] which achieved state-of-art performances in bidirectional sentence and image retrieval
tasks at that time.

2.3 Related Works

A large amount of work has been devoted to learning multimodal representations of text and images.
Popular approaches include word-image embedding [16, 1] and sentence-image embedding [4, 14,
8]. These are the foundation of our work. Other than embedding approaches, deep Boltzmann
machines [15], log-bilinear neural language models [7], autoencoders [13] and other approaches are
also proposed.

Focused on the problem of sentence-image multimodal embedding, different architectures have been
applied and (3) appears to be the general choice for objective function. The deep visual semantic
embedding model [1] embed sentences as the mean of their word embeddings. The semantic depen-
dency tree recursive neural network [14] uses a tree structure to embed on a sentence level. In deep
fragment embeddings [6], descriptions are represented as a bag of dependency parses. Fragment
objectives are added and object detection is integrated into its framework. [8] introduced the basic
LSTM model (MNLM(-vgg)) illustrated in figure 1 and has been our main reference.

3 Method

3.1 Instructive pairwise rank loss

Based on the LSTM architecture, a natural way one can think of to embed an image I and a sentence
S together is to set image embedding vector x as the initial hidden layer h0 of the LSTM and take
word features of S as the input of the LSTM, yielding the final hidden layer as the output with
combined information of I and S, denoted by v(x). 1 However, time and space resources will be
squared and no straightforward meaning of this combined embedding approach exists.

Image feature !! x

""✲
✲✲
✲✲
✲✲
✲✲
✲✲
✲✲
✲✲
✲✲
✲✲
✲✲
✲✲

h0
"""

"""

##""
""

$$❋
❋❋

❋❋
❋❋

❋❋

LSTM2
!! v(x) !! Loss2

+0.4
❋❋❋

❋

$$❋
❋❋

❋

<ĥ>

%%

Loss

LSTM1
!!

%%

v

&&✡✡✡✡✡✡✡✡✡✡✡✡✡✡✡✡
!! Loss1

+0.6✇✇✇✇

''✇✇✇✇

Sentence

%%

Figure 2: Model after applying instructive objective (Model 1). Loss 1 is (3) and loss 2 is (4). FC
layer for image features and word embedding step are omitted. <ĥ> denote the whole sequence of
hidden layer vectors by LSTM 1, of which v is the last vector.

1We will use such artificial notations afterwards, where the main body and the superscript represent the
input and h0 of the LSTM respectively.

3

4.1 Datasets

Our models work on the public image-sentence dataset Flickr8K [3], consisting of 8000 images
collected from Flickr. Each image is accompanied with 5 descriptive sentences. Standard training,
validation and test split is provided. We attempted to employ Flickr30K [17] but were hindered by
hardware limits.

4.2 Sentence Retrieval and image retrieval

The problem of sentence retrieval requires to rank the sentences in a given dataset according to their
similarities with a given image, while the problem of image retrieval requires to rank the images
in a given dataset according to their similarities with a given sentence. [3] They are sometimes
alternatively referred to as image annotation and image retrieval, respectively.

Two types of quantitative evaluations are performed. Recall@K (K = 1, 5, 10) is the mean number
of images for which the correct description is ranked within top-K retrieved results (visa versa for
sentences, high is good) and Med r is the median rank of the closest ground-truth result from the
ranked list (low is good).

Sentence and image retrieval were not designed for multimodal embedding problem, and in fact
several different frameworks suits to the experiments. For example, [10] tackled the problem as a
multimodal matching one and utilized a CNN-based pipeline for the experiments with state-of-art
performances on Flickr30K dataset. [9] employed Fisher vector and other advanced approaches with
state-of-art performances on Flickr8K dataset. So it is appropriate to focus our comparisons with
embedding models. To be more specific, our main comparison is MNLM-vgg [8] whose architecture
is our basic model in 2.2. To our primary satisfaction, our Model 2 outperforms all other embedding
models listed in the first part of the table below.

Table 1: Sentence retrieval and image retrieval experiments.

Sentence Retrieval Image Retrieval

R@1 R@5 R@10 Med r R@1 R@5 R@10 Med r

Random ranking 0.1 0.6 1.1 631 0.1 0.5 1.0 500
DeViSe 4.8 16.5 27.3 28.0 5.9 20.1 29.6 29

SDT-RNN 6.0 22.7 34.0 23.0 6.6 21.6 31.7 25
DeFrag 12.6 32.9 44.0 14 9.7 29.6 42.5 15
MNLM 13.5 36.2 45.7 13 10.4 31.0 43.7 14

MNLM-vgg 18.0 40.9 55.0 8 12.5 37.0 51.5 10
Our Model 22.0 46.7 60.4 6 15.9 40.5 53.4 9

4.3 Linguistic regularities

[8] noted that LSTM encoder is not well apt for discovering linguistic regularities compared with
linear representation for sentences, i.e. v =

PN
i=1 wi where wi are word embeddings of the sentence.

However, we still find certain linguistic regularities in the multimodal embedding space trained.
Formally speaking, given a query image x, a negative word wn and a positive word wp (all with unit
norm), we seek an image

x⇤ = argmax
x1

s (x1,x�wn +wp) . (6)

By retrieving top-5 nearest images and picking out the most reasonable one by hand, we select some
typical examples below.

The only result not within top-5 retrievals are at row 3, indicating the difficulty of action detection.
The successful extraction at row 1 is uneasy given a fairly small dataset containing cars. Row 4 is
interesting as it reserves the scene of the images (snow). The last row demonstrates a retrieval based
on a single word. It is observed that the original image x often resides within top-5 nearest images
with x �wn +wp, and the reason might be that x is distinctive in its own direction. More work
shall be put into this sphere.

5

Table 1. Evaluation results of two tasks (sentence and image retrieval) on Flickr8K 

dataset. R@K (K=1,5,10) is the recall within top rank K metric (high is good), Med 

r is the median rank metric (low is good). In both tasks, our model achieves the 

best performance using the four metrics.

Figure 3. Examples of semantic regularities in the joint embedding space. We 

observe that the embedding vectors of data items a,b,c,d approximately satisfy 

that a-b+c=d, where a and d are images, and b and c are words. 

Experiments
First, we perform quantitative

experiment on Flickr8K dataset, and

show that our model outperforms

several encoder-based models on

two tasks: sentence retrieval and

image retrieval (Table 1). This

proves the effectiveness of our

model design.

Also, we demonstrate the semantic

regularities of the joint embedding

space by vector operations and

equations (Figure 3).

Figure 1. Semantic regularity in a word 

embedding space. We want to extend 

this to an image-text joint space.
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RENEWABLE ENERGY FROM SPEED BUMPS
SIMON J SCHOLTZ
UNIVERSITY OF PRETORIA DEREK GRAY AWARD

SOUTH AFRICA

#4054B2

Figure 2:  A 3D model of the best performing prototype design

Introduction

The aim is to present a novel source of
renewable energy that uses a speed bump as
host for an energy harvesting device. The
device consists of a modular unit that converts
some of the kinetic energy of a passing vehicle
to electricity. The generated electricity can
then be used to power traffic equipment in the
direct environment of the unit.

Procedure

The process by which the modular unit
generates and stores electricity to power traffic
equipment is shown in Figure 1. The vehicle
approaches the speed bump (1) and pushes
down on the modular unit as it crosses the
speed bump (2). The modular unit converts
linear motion of the actuator to rotational
motion which is converted to electricity through
a set of dynamos (3). The generated electricity
is stored in a set of batteries located in the
center of the tread (4).

Prototype results

The best performing prototype design is shown
in Figure 2 with the measured properties listed
in Table 1.

Power consumption of applications

The typical access control boom requires 60 W
of power maintained for 2 s to operate the
boom[1]. The power consumption of traffic
lights with LED arrays is approximately 16 W[2].

Conclusion

The power output of the modular unit is
enough to power an LED traffic light for 2.36 s
or an access boom for every third passenger
vehicle. Future research should focus on
improving operational efficiency of the unit and
aim to harvest a greater amount of energy.

References
[1] Boomgate Systems, Genius rapid access barrier [website],
https://www.specifile.co.za/boomgate-systems/boomgate-
products/boomgate-systems-product-page-geniustrade-swift-automated-
traffic-barrier/, (accessed 13 October 2019).
[2] C40 Cities, LED traffic lights reduce energy use in Chicago by 85%,
[website], http://libraryguides.vu.edu.au/oxford-referencing/internet-
websites, (accessed 13 October 2019).

Figure 1:  The procedure by which the modular unit generates renewable energy 

1 2

3 4

Property Measured value

Actuation force per wheel 72.6 N

Peak output voltage per wheel 50.0 V

Peak output amperage per wheel 0.63 A

Peak power output per two wheels 63.0 W

Electrical energy generated per two wheels 18.9 J

Energy conversion efficiency 58.9 %

Table 1:  The measured properties of the best performing prototype design



BIOGENIC SUBSTANCES AND PETROLEUM  

PRODUCTS IN THE PSKOVSKO-CHUDSKOYE  

WATERBODY
Sophya Vershinina  

Russia/ ITMO University

Surface and underground water sources are subject to anthropogenic and man-made impacts with varying

degrees of intensity. The Pskovsko-Chudskoye water body consists of two eutrophic lakes, which are

characterized by a large supply of nutrients and a high content of organic matter. At present, due to a decrease

in production, the supply of nutrients and pollutants to the lakes has noticeably decreased, which has changed

the chemical composition of the water for the better.

Results
1.Lake Pskov is distinguished by higher concentrations of ammonia  

nitrogen (NH4+), iron ions (Fe2+, Fe3+), nitrogen (Ntotal) and  

phosohorous (Рtotal). It also shows higher value of permanganate  

oxidation and bichromate oxidizability.

2.The content of total iron exceeds the maximum permissible  

concentration for fishery ponds four times.

3.In the summer-autumn period, the content of petroleum products is

higher than in the rest of the year, which is explained by the increased

anthropogenic load.

According to the ratio of Ntotal to Ptotal, Lake Pskov is approaching  

eutrophic. Chudskoye has lower biological productivity and is  

categorized as mesotrophic.

The issue
The Pskovsko-Chudskoye lake is  

the largest freshwater reservoir in  

Europe and ranks fourth in area. At  

the end of the 20th century a  

significant emission of eutrophic  

substances was observed from the  

lake's catchment area. Under  

natural conditions eutrophication is  

a natural process of aging of water  

bodies, but human activity can  

lead to additional sources of  

phosphorus and nitrogen, the main  

ones being untreated wastewater  

and the flushing of fertilizers from  

the fields. The eutrophication of  

the lake is an important  

environmental problem and is  

attributed to human influence and  

intensive economic activity in the  

area in previous decades.

Purpose
To give a general description of  

ecological state of the Pskovsko-

Chudskoye lake, to identify  

nutrients and oil products and to

determine the nature of their

dynamics.

Experimental part
Several methods of hydrochemical analysis were used to determine the  

amount of nutrients (microcomponents) in the water samples. The  

ammonia cations, nitrites, nitrates, total nitrogen (Ntotal), phosphates  

and total phosphorous (Рtotal) were determined by photometry.

Titrimetric methods were used to determine permanganate and  

bichromate oxidizability (COD).

Figure 2. Standard  

solution scale for the  

determination of  

phosphorus and total  

iron (visual colorimetry  

method)

Figure 3. Dynamics of nutrients in 
lake water: total nitrogen, total 
phosphorus, COD, permanganate  
oxidation, total iron, petroleum 
products

Figure 1. Water samples were taken in 2017  
and 2018 from three sites: lake Chudskoye,  
lake Pskovskoe and the delta of the river  
flowing in to the lakes

= water sampling site
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THE DESIRABLE EVALUATION OF 
TRANSPORT INFRASTRUCTURE PROJECTS
Taiyo Ishikawa
Graduate School for International Development and Cooperation, Hiroshima University, Japan

CONCERN
Only travel time saving tends to be 
considered as the benefit in the 
evaluation.

Estimated Cost
Estimated Benefit

Those who tend to use less time 
for traveling might get less benefit 
from travel time saving in the 
current evaluation.

DATA
Person-trip survey data (survey of individual travel behavior)
conducted by Japan International Cooperation Agency.
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CONCLUSION

Living standards

Obtain less benefit from travel time saving.

Obtain much benefit from travel time saving.

→ Current project evaluation might lead to
widen the gap between rich and poor.

Ø Positive correlation between living standard and travel time
expenditure are shown in most of the 17 developing cities.

Other benefits such as improvement of accessibility to activity
opportunities should also be considered as the benefits in the
evaluation of transport infrastructure development.

PROJECT EVALUATION
Project evaluation called Cost-Benefit 
Analysis is widely conducted for the 
decision-making of the project.

Estimated Cost Estimated Benefit

Benefit / Cost > 1.0 
= The project would be implemented.  

CO2 reduction, Noise reduction, etc.

INTRODUCTION

What are the benefits of transport
infrastructure for our daily life?

Travel time saving.

Travel cost saving.

Traffic accident reduction.

Expand the range of 
movement.
Improve the accessibility 
to activity opportunities.

Living standards =α*Car + β*Motorbike + γ*Income + δ*Education + ε*Occupation + ζ*House + η*License

Analyzed association between living standards and travel time
expenditure.

ANALYSIS

OBJECTIVE
Empirically confirm the validity of the current project evaluation.
Ø Analyze the correlation between living standards and travel time

expenditure (total travel time in a day) in 17 cities.

Transport infrastructure has a variety of impacts on our lives and a lot of money is needed for investing in it. Therefore,
project evaluation is normally conducted for analyzing the validity of a new infrastructure project. Among the evaluations,
Cost-Benefit Analysis (CBA), which simply compares the estimated cost and benefit has been applied in many countries,
and travel time saving tends to be used as the major component of the benefit. There are concerns that using only travel
time saving as the benefit in CBA has an equitable problem, however, there is no exact evidence about the issue.
Therefore, we empirically examined the association between living standards and total travel time in a day in 17 cities.

Two cities as examples 

Ø Low living standard people: tend to use less time for traveling.
Ø High living standard people: tend to use much time for traveling.
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On Local Lyapunov Exponents of Chaotic Hamiltonian
Systems
Timo Hofmann
Leipzig University of Applied Sciences

Chaos in deterministic dynamical systems

signs for detection of chaos:

sensitive dependence of initial values (can be described by Lyapunov Exponents)
mixing of trajectories

Hamiltonian Systems

Generalized momenta:
pi :=

∂L

∂q̇i
, i = 1 . . . n (1)

Hamiltonian:
H(qi, pi, t) :=

n∑
j=1

pj q̇
j − L(qi, q̇i, t) (2)

Hamilton equations:
dqi
dt =

∂H

∂pi
(3)

dpi
dt = −∂H

∂qi
(4)

→ the dynamical behavior of a Hamiltonian System is completely described by these equations
(3) and (4) can be written as:

ẋ = f (x(t)) (5)

with x(t) =

(
q⃗
p⃗

)
and f (x(t)) =

(
0 Id

−Id 0

)
∇H. Then the flow matrix Y of this system is the

solution of the matrix ODE:
d
dtY (t, x0) = Df (x(t))Y (t, x0) to the initial value Y (0, x0) = Id.

Lyapunov Exponents

They describe the velocity of the divergence of two trajectories that start closely adjacent. Roughly
speaking, a Lyapunov Exponent λ describes the rate of the time development d(t) = d(0)eλt of the
distance d(0) of two points of phase space which is small at t = 0.
We distinguish between local and global Lyapunov Exponents. There is the following dependence:

λi = lim
t→∞

1

t

∫ t

0
λi(x(s)) ds . (6)

We define the local Lyapunov Exponents by the flow matrix Y .

Iwasawa decomposition of Y

It is possible to decompose the matrix Y by:
Y = KAN ,

where K is an orthogonal matrix which is also symplectic.
It then follows ˙AN(t) = U(t)AN(t) where the diagonal elements of U define the symplectic local
Lyapunov Exponents λi(x(s)).

Theorem:
For a Hamiltonian system the symplectic local Lyapunov exponents occur in pairs (λ(x(s)),−λ(x(s))).

Harmonic Oscillator with two Degrees of Freedom

Hamiltonian:
H(x, px, y, py) =

p2x
2
+

p2y
2
+ ω2

1

x2

2
+ ω2

2

y2

2
(7)

→ modeled e.g. two independently oscillating spring oscillators
General solution:

x = A1 · cosω1t + A2 sinω1t A1, A2 ∈ R (8)
y = C1 · cosω2t + C2 sinω2t C1, C2 ∈ R (9)

ẋ = px = −A1 · ω1 · sinω1t + A2 · ω1 cosω1t (10)
ẏ = py = −C1 · ω2 · sinω2t + C2 · ω2 cosω2t (11)

Explanation of Poincaré sections (on the left: a trajectory in the three-dimensional phase space and the
plane of the the Poincaré section (in green); on the right: the corresponding Poincaré section):

Figure 1. V = 1
2(x

2 + 1
4y

2), initial values: x = 0, px = 1, y = 1, py = 0

Toda lattice

Hamiltonian:

H(x, y, px, py) =
1

2

(
p2x + p2y

)
+

1

24

(
e2

√
3x+2y + e−2

√
3x+2y + e−4y

)
− 1

8
(12)

→ simple model for one-dimensional crystal out of three particles.

6th order truncation of the Toda lattice

Hamiltonian:

H6(x, y, px, py) :=
1

2
(p2x + p2y) +

1

2
(x2 + y2) + x2y − 1

3
y3 +

1

2
x4

+ x2y2 +
1

2
y4 + x4y +

2

3
x2y3 − 1

3
y5 +

1

5
x6 + x4y2

+
1

3
x2y4 +

11

45
y6

(13)

Figures of H6

Note: You can observe two disjoint chaotic seas in the following Figures 2 and 3 (one in light red and
one in light blue). This property can be really interesting for statistical physics.

Figure 2. Poincaré section of H6 = 15.8; resonance islands with central orbits

Figure 3. Central periodic orbits of H6 = 15.8 in the (x, y)-plane.

Figure 4. Poincaré section of H6 = 15.8 with resonance islands of order 1 and 2
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CONCLUSION FUTURE WORK

Superior 
Bactericidal 
Performance 

All figures were self-drawn.
Icons were referenced from
Microsoft PowerPoint.

High Cost 
Effectiveness

In particular, WO-6 (6 h, 105ºC)
exhibited the best antibacterial
performance, highlighting its
potential as a commercial
bactericidal surface to address
the current industrial needs.

❑ Wet oxidation synthesis
of ZnO nanostructures
with alloys with zinc as
substrateNo Induced 

Resistance Durable 
Simple to 
Produce

❑ X-Ray Diffraction (XRD)

❑ Scanning Electron Microscopy 
(SEM)

❑ Preliminary Durability Studies

INTRODUCTION

METHODOLOGY

HOSPITAL ACQUIRED 
BACTERIAL INFECTIONS:

$10 billion annually in 
healthcare costs [1]

ANTIMICROBIAL 
RESISTANCE:

SOLUTION:

Antibacterial 
Nanotextured 

Surfaces
Cause of 1 death every 
3 seconds by 2050 [2]

Wet Oxidation 
Fabrication 

RESEARCH OBJECTIVE

To develop a highly bactericidal 
nanotextured surface for frequently 

touched exteriors, using only 

Zinc and H2O.

Clanger cicada

Bactericidal 
Performance 

Surface 
Architecture 

Characterisation

❑ Japanese Industrial Standard 
(JIS Z 2801) Method for Killing 
Efficiency

❑ Time Kill Kinetics

Physical contact killing mechanism ADVANTAGES

Does not 
promote 

resistance 

No secondary 
contamination

Inhibit 
biofilm 

formation

Wet Oxidation 
Fabrication 

H2OZinc
❑ Reactive Oxygen Species 

(ROS) Release Profile

❑ Bacteria Morphology 
Characterisation

Optimisation of temperature and
duration

Mechanism of 
Bactericidal 

Activity

Fig 1. Bactericidal properties of Clanger cicada wings. 
Cicada image obtained from The Lookout. 

Proposed MethodStretching induced bacteria membrane rupture 
by nanostructures, leading to cell lysis

RESULTS AND DISCUSSION

Surface Architecture Characterisation

Scanning Electron Microscopy (SEM)

Preliminary Durability Studies

✓Durable after adverse treatment in
4ºC, 100ºC, 180ºC, Dettol, household
bleach and abrasion

Fig 2. SEM micrographs of wet oxidation (WO) 
surfaces after varying durations of oxidation (1 h, 

2 h, 4 h and 6 h). 

✓ Longer oxidation durations increase
the average dimensions of the
nanostructures

✓ ZnO grows perpendicular to the
surface along the [0001] direction

1 h (WO-1) 

Long term durability of 
nanotextured surface

2 h (WO-2) 

4 h (WO-4) 6 h (WO-6) 

Bactericidal Performance Mechanism of Bactericidal Activity

JIS Z 2801 Method for Killing Efficiency

Bacteria Morphology Characterisation

Fig 5. SEM micrographs of E. coli after 24 h incubation. 

✓ Bacteria membrane rupture observed as
seen in Fig 5 → confirmation of physical
contact killing mechanism

Cost-effectiveness Analysis

✓ ≈30% reduction in
cost compared to
commercial ZnO
(CBD) surface

Low cost of 
production

Material Time taken for 

complete 

disinfection of 

E. coli (h) 

Fabrication 

method

Estimated 

equipment & 

material cost 

per 1m2 

(USD)
ZnO

(WO)
2 Wet Oxidation 40

CuO 3
Chemical Bath 

Deposition
70

ZnO

(CBD)
6

Chemical Bath 

Deposition
60

Black 

Silicon
0.1

Deep Reactive 

Ion Etching 

(DRIE)

>500k

Table 1. Comparison of the bacteria killing time and 
equipment & material cost between various nanotextured 

antibacterial materials

4 h
Reduction in kill time 

for E. coli compared to 
commercial surfaces

6 h

Fig 3. Time kill kinetics profile of  WO-6 against 
gram-positive S. aureus. * indicates that no colony 

was observed. 

Fig 4. Time kill kinetics profile of  WO-6 against 
gram-negative E. coli. * indicates that no colony 

was observed. 

2 h

Staphylococcus aureus (S. aureus)

Escherichia coli (E. coli)

Complete 
killing 

within 6 h

Complete 
killing 

within 2 h

Glass Control WO-6

Killing efficiency is measured by
counting the number of Colony-
Forming Units (CFU)
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Piezoresponse force microscopy (PFM) focuses on the measurement of piezoelectric coefficient (d33, represents the amount of
topography change induced by an external electric field) by applying an AC voltage on a nanometer-sized tip across the
sample. The tip is kept at a constant height above the sample surface profile, denoted by an average height z0. However,
since the electric field is applied across the conductive tip and the bottom electrode, the tip experiences an additional
displacement that is practically inseparable from the actual piezoelectric displacement. Thus, to distinguish the actual
piezoresponse from the electrostatic interaction between the tip and the electrode, I applied an AC bias of varying frequency
to the sample to observe the change in the behavior of the amplitude signals.

Piezoresponse Force Microscopy
As the tip traverses across the sample, the vibration of the surface is detected by the amplitude and phase, while the change
in the average height of the induced by the rough profile is given by the deflection ∆𝑧

Mathematical Formulation
• Think of electrostatic interaction as a fictitious displacement induced by the torque applied on the cantilever

𝜏$%$& = Kθ = 𝑊𝑃 , 𝐹./ −𝑊1𝑃 , 𝐹23 → 𝑥67 ≈ 𝐷 , 2θ ≈ 2𝑉<
1
𝑘./

𝜖./𝐴./
𝑧A < −

1
𝑘23

𝜖23𝐴23
𝑧A + ℎ < − 2

1
𝑘./

𝜖./𝐴./
𝑧A D −

1
𝑘23

𝜖23𝐴23
𝑧A + ℎ D ∆𝑧

• This displacement can be summated identically with the piezoresponse, as indicated in the two schematics of Fig 1.
• Effective spring constants kTS and kCB are related to the resonance frequency, determined solely by the geometry of the PFM

setup and the cantilever force points, cantilever length (D), rotational spring constant (K)
• Electrical displacement xCR is linearly proportional to the deflection ∆𝑧, which is well-represented in the data of Fig 2.

Figure 2. From left to right, the retrace deflection (differential topography),
trace, and retrace amplitude signal of the PFM image of hydroxyapatite taken
at ~390 kHz (up) and at ~200 kHz (down)

Conclusion
Mathematical derivation of the electrostatic torque reveals why we see different amplitude behavior depending on the frequency
range and the deflection dependence on the scan direction. This data is demonstrated in Fig 3, where the amplitude and the
deflection signals are negatively correlated for the opposite scan direction and positively correlated in a linear fashion for each
other.

Figure 3. Correlation between A) trace amplitude (x) and retrace amplitude (y), B) trace deflection (x) and retrace deflection (y), C) trace
deflection (x) and trace amplitude (y), and D) retrace deflection (x) and retrace amplitude (y) measured at ~200 kHz

Figure 1. Schematic of the cantilever going through
motion by the piezoresponse (top) and electrostatic
interaction (bottom), measured by PFM technique

A B C D


