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Research challenges

As part of being a research project, there are always challenges that need to be tackled during
development and usage of new technologies. Next to unexpected, external occurrences, many of the
challenges that may occur during the project are actually associated with the research program of
HYDROSYS: we try to solve several of the limitations associated with the current state of the art in
the systems used (or even not available) for the scope of the project.

The table at the next page provides an overview of the main challenges, including detailed
descriptions. As can be seen, most challenges are coupled to validations performed in WP7, to secure
that they can be solved well. Most of the solutions to the challenges are directly handled within the
actual developments within the project — in the text below, some pointers are given towards the project
outcomes and validations being performed. More information can be found at the HYDROSYS
website in other public resources (the expected outcomes and validation plans and first experiments
results reports).
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Challenge

Affected

WP / task

Developments to limit risks

Associated validation WP7 / other studies

R1. Poor network
coverage at remote
sites

Sensor data acquisition,
Data retrieval at
handhelds

T3.2 System
infrastructure

WIFI bridge development and initial
successful tests

Optimized streaming methods

T7.3 Wireless network capabilities investigation

WIFI bridge tests in cooperation with SwissEx

R2. Weather conditions
and altitude for blimp
operation

Data acquisition with
blimp for DTM
refinement, texture
generation (scene
reconstruction) and
thermal image creation,
payload limits

T4.1 remotely
controlled cameras
T4.2 blimp

WP6 application

Blimp control methods, blimp includes
safety measures

Activity: adjust data acquisition to weather
conditions

T7.3 Blimp flight test and RF-positioning precision

R3 Data archiving and
modelling of (live) data

Sensor data access
from data storage,
Sensor data quality
improvement (data
cleaning and quality
monitoring)

T4.7 GSN Data
quality
improvement
T4.3 GSN Real-
time support

Simple statistical, machine-learning and
probabilistic approximation techniques

T7.3 GSN performance investigation
WP8 usability tests

RA4. Poor accuracy of
physical models
output,

Simulation
performance time,
Complex simulation
data path

The response time of
the simulation
experiments that fail
increases as they get
rescheduled.

Those visualization
methods (overlays) that
are based on simulation
data that take a long
time to calculate.

T 4.6 GSN
simulation and
modelling

Simulation emulator investigations,
simulation optimisation

T7.3 Simulation performance investigation
WP8 usability tests

R5. Inapt physical
models for simulation

Simulations
communicating coarse
results, affecting
visualization and
analysis/prediction

T6.x.2 generation
of physical process
models

Generation of apt physical models

Interpretation and discussion of results
obtained from application of system in
Switzerland and Finland with end-users

D6.1 Research results of on-site monitoring
WP8 usability tests

R6. Data availability,
sensor problems

Data quality, Data for
on-site analysis,
visualization quality,
sensor data loss

T4.1 remotely
controlled cameras
T4.2 blimp

WP6 application

Quality analysis of case data sets
Small scale 3D modelling of selected
features of case sites with CAD software

Take initial probes with a manual sensor,

D6.1 Research results of on-site monitoring
T7.1 Reality experiments
T7.1 Environment visualization experiments
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or calibration/reference test
Changing sensor

Activity: data acquisition from end-users
involved in project, data acquisition on-
site

R7. Automatic creation
of 3D models of
selected sites fails

3D Visualization

T4.4 SmartClient

Selecting analytical sites for primary
cases

Semiautomatic creation of 3D reference
models with CAD software

T7.1 Reality experiments
T7.1 Environment visualization experiments
WP8 usability tests

R8. Poor graphics Rendering of complex T3.2 system Pre-processing of data in SmartClient T7.1 Reality experiments
performance of 3D visualizations and infrastructure Rendering optimizations at hardware T7.1 Environment visualization experiments
handhelds overlays of sensor T3.4 data platform WP8 usability tests
data, user interface visualization
rendering T3.5 focus +
context
T4.4 SmartClient
WP5 user
interfaces
R9. Misinterpretation of | Rendered content of T3.4 data Perceptually and cognitively optimized T7.1 Reality experiments
complex and possibly sensor data and visualization user interfaces and visualization T7.1 Attention and saliency
abstracted information | environment, screen T3.5 focus + techniques T7.1 User interface aspects with prototypes
on small screens of organization, User context T7.1 multi-camera navigation and cognition
handheld devices interface appearance WP5 user WP8 usability tests
and structure (“menus” interfaces WP5 Human factors studies

and viewpoint
manipulation),

R10. Poor localization
accuracy, deployment

Correct display
(registration) of location-

T3.6 hybrid tracking
T3.7 vehicle setup

Hybrid tracking techniques, calibration,
portable tracking extension

T7.3 Positioning and orientation precision tests

of support vehicle not based information, T4.2 Blimp
possible capturing of data by
blimp
R11. Adverse weather | Handheld device for on- | T5.1 on-site Generation of robust handheld T7.1 User interface aspects with prototypes
condition effects on site analysis monitoring construction protecting camera and WP8 usability tests
device sensors / interfaces tracking sensors and handheld computer

devices

Challenges associated with the development and usage of the HYDROSY'S research system prototype.
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HYDROSYS necessitates the handling of a
multitude of sensors combined with model
results, which means that the HYDROSYS
handheld computers and cellphones will be
dealing with relatively large data sources. The
insertion of this data into the field requires high
bandwidth to function effectively, otherwise, the
user is left waiting for their data to download and
in the worst case, this data is then outdated. It is expected that mobile networks may not provide a high
quality network connectivity at all sites. Network coverage may vary depending on location, signal
occluders (mountains, buildings or proximal objects) and network load. A 3.5G network with
theoretical peak capacity of 7.2Mbit/s may only provide a GPRS connectivity with some 14kbit/s or
the connection may drop altogether.

This affects sensor data acquisition and retrieval for both handhelds and simulation models.
Furthermore, communication and data exchange with users not being on-site can be affected. In order
to tackle this problem the consortium introduces the usage of WiFi bridges (outcome B7, specifically
for handheld computers, but cellphones with WiFi connection can also connect) and network
transmission optimization (in particular for cellphones, and partially for handheld computers too).
Finally, the system allows to pre-upload data directly on the handheld computer. Though this limits
the access to quasi real-time data, the user can still browse through recent data and analyse processes
in the field, which can be very beneficial after a specific event has taken place already.

R1. Poor network coverage at remote

sites

WIFI bridge

Some sites in the project, e.g. La Fouly, have no mobile (cellphone) network coverage. In this case,
there are two possibilities: a multi-hop (more expensive) WiFi network can be used to transport traffic
between either a fixed connection in the village or the high speed mobile coverage and the site;
alternatively, the WiFi bridge device may be placed in an area of GPRS (cellphone) coverage for a
single hop (cheaper), though slow network connection. The La Fouly area is very large, hence
coverage of the entire area with WiFi connection would be expensive. For the purposes of the
HYDROSYS technology proving experiments, it will only be possible to provide hotspots in the area
where the user can retire to download new information. These hotspots can be made large (though
close to the GPRS coverage), with a sector antenna or small and further reaching with a directional
antenna. The initial plan in this case will therefore be to provide a single GPRS WiFi bridge with a
2.4GHz sector (90 degree) transmission. Positions for this equipment will be modelled to select
optimal positions and then tested in the area for practical use of the connection before a decision is
made on whether further equipment is required.

Network transmission optimizations

For static data, network limitations can be countered by local caching of the data, streaming content as
fast as the network allows or by pre-installing the data sets. In the presence of a device without storage
capabilities, map content can be downloaded progressively, transferring only visible surfaces with
minimal amounts of detail. For near real time sensor data streams, poor network connections can be
tackled with optimized transmissions, minimizing protocol overheads and only transmitting the
required data. With common TCP connections, error corrections (automatic retransmissions) are
performed at network level and are not a viable option to increase the reliability. Lack of network
infrastructure can only be countered by proprietary networks, such as WiFi bridge links suited for the
project.

Optimizing network transmissions based on visibility, applying progressive levels of detail and
choosing the content to be transmitted based on users' interests guarantee that the system utilizes
available networks to the fullest. However, user feedback is necessary to deem the importance of the
data; if the user is only interested in sensor data, downloading an entire 3D environment first could be
experienced negatively. The system will be designed to allow user feedback to affect the transmission
priorities.
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each new operation on-site, to readjust the angles of the sensors (keeping always the roll near
to zero) and process a calibration of the system.
e Localization performance
With a vehicle setup only (without an extension with tripods), the localization would have
poor accuracy (>3 meters) at far positions >40 meters. This is due to two reasons:
0 Use of only two sensors for the localization, which reduces the accuracy
o0 Limited distances between sensors mounted on the vehicle. As the angle accuracy of
the system is around 1°, this would affect the accuracy at long distances. Therefore the
range over which the accuracy is good enough is limited.

To cover these limitations, specific configurations will be offered that extend the vehicle- mounted
construction, through tripod extensions. These tripods can offer a longer baseline, and potentially
replace the vehicle mount completely at sites where the vehicle cannot move (outcome C4.1).

The sites under observation by the HYDROSY'S
end-users are mostly at remote locations with
5B (YRR L= e e T =il Possibly harsh environmental conditions.

on device sensors / devices Whereas most observations tend to take place
during “normal” weather conditions, the devices
used for on-site monitoring and management
potentially need to cope with lower temperatures,
dirt, and water (snow, rain). In particular the
sensors used for the handheld augmented reality setup cannot handle these conditions well: they need
to be protected.

In order to cover this risk, prototype casings will be developed that will integrate and protect the
computer and the sensors. The encasing will allow for ergonomic pose during operation and a good
weight distribution, to avoid strain. Additionally, the encasing will be portable to be taken around
easily, or stashed away (outcome C2.3).
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