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The shallow water coastal environment 
characterises the critical interface 

between activities at sea and on land.
Much of the economic activity at sea 
that is now being recognised as the Blue 
Economy takes place ‘out there’, away 
from our focus of attention on land.
But all of it, at some stage, in order to 
be relevant to our lives, comes to the 
shore, and in doing so it passes through 
the shallow water coastal environment.
This is the bit of the maritime world that 
most of us can associate with and are, 
at least, aware of.  This is also the zone 
where growth in the Blue Economy and 
expansion from the land into the sea meet, 
and where there is potential confl ict of 
interests and increasing pressure in terms 
of resources, one of which is space.

In order to manage and regulate a space 
it is fi rst necessary to have some idea 
of what that space consists of.  This 
is a given on land and yet seems not 
to be at sea.  Some of this is because 
there really has been no requirement 
to manage or control the space at sea 
apart from in a fairly 1 or 2 dimensional 
fashion.  Traditional navigation was a 
signifi cant driver and has created the 
historical emphasis for hydrography to 
be concentrated on safety of shipping.
This has largely been the reason why 
there are some areas well surveyed at sea 
and others almost not at all.  The main 
factors for safe navigation have been the 
draught of ships, the main trade routes 
and entry and exit from ports.  This has 
driven the survey requirement and, as 
long as we know there is enough water 
for a ship going about its normal business 

not to run into danger that has suffi ced. 

This is similarly the case with explorations 
for minerals and gas at sea.  The purpose 
of the surveys has been to meet the needs 
of the resources being mined or drilled, 
including some very precise work for rig 
siting and pipeline laying, but essentially 
the requirement away from these specifi cs 
has been simply to know that there is 
nothing adjacent to or around the area 
of interest that is going to interfere 
with the mineral extraction itself.

Appreciation of the more macro nature of 
the ocean environment started in practical 
terms with weather forecasting.  The 
weather does have the ability to impact 
the sorts of specifi c areas mentioned 
above and much of the oceanographic 
work that has gone on in the past century 
is related to understanding the impact 
of the oceans on weather patterns so 
that they can be factored in to the 
more specifi c operations of shipping, 
mineral extraction and coastal design.

But even here, the scale of the 
events as we understand them 
means that our understanding of the 
oceanographic space itself tends to 
be on a scale that limits it application 
to uses appropriate to that scale.

So what’s changed?  Mostly it is twofold: 
the improvement in our understanding 
and awareness of the interdependence 
of the land and sea environment in the 
nearshore region, and the increasing 
pressures that are being put on this 
same region by developments that are 

Application of a multi-sensor 
approach to near shore 
hydrography
A cost-benefi t analysis

Andrew Waddington
Director,
LW Partners Ltd, UK

x HYDROGRAPHY

Geospatial data in 

the nearshore region 

provides information that 

underpins development 

and contributes directly 

to the infrastructure 

of the area both 

offshore and on land
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taking place mainly on land.  These 
two factors have been the major reason 
why there has been a large increase in 
interest in managing and regulating the 
nearshore region, and consequently why 
it is becoming increasingly important 
to improve our understanding of the 
space that we are operating in.

The role of hydrography in 
environmental management

The role of the nearshore region in 
environmental management is well 
understood.  The days of discarding 
untreated waste into the sea are thankfully 
largely behind us and regulation of 
dumping is now almost universal.
Similarly there is a clear understanding of 
the impact of agricultural and industrial 
practices on the nearshore environment 
and there is a growing willingness, often 
backed-up by regulation, to control 
the chemicals that run-off from land 
and factory into rivers and seas.

Regulation has created a requirement to 
understand the fl ow of water, whether 
contaminated or not, and its interaction 

with the larger body of water in the 
nearshore region and even its connection 
with the wider oceans.  Much of this can 
be done by modelling the fl uid fl ows based 
on tidal streams, currents and wind but the 
models themselves are heavily infl uenced 
by factors such as the underlying shape 
of the area on which the model is run and 
the friction that results from interaction 
of the fl uids with the base of the model.  
In the real world, the model has to make 
an allowance for the real shape of the 
seafl oor and also the makeup of the 
seabed in material terms because there is 
a considerable difference in the friction 
and drag associated with the varying 
seabed materials: fl uid mud, sand or rock. 

This is where hydrography has a major 
role in environmental management.  By 
providing the information on the space 
in which the environmental management 
has to take place, the outputs from models 
can be improved and the environment 
itself monitored more directly.  This 
input of terrain model, seabed texture 
and classifi cation can also be combined 
with detailed measurement of water 
fl ow at specifi c locations, analysis of the 
water itself and mapping of the benthos 
in order to build a complete picture of 
the environment being managed.  The 
outcome is better informed decision 
making and hopefully regulation that is 
effective, understood and enforceable.

The role of hydrography 
in civil engineering

Hydrography in civil engineering 
introduces challenges of scale at the 
opposite end to the environmental role.
Changes in shipping design, particularly 
propulsion systems, and in materials 
as well as in attitudes towards risk and 
risk mitigation mean that the standards 
currently required in civil engineering 
projects on land, particularly where 
there is the potential for harm to life 
or the environment, are increasingly 
expected and called for at sea.

Furthermore, improvements in acoustic 
and visualisation technology in 
hydrography offer savings in term of cost 
and time over traditional engineering 
measurement in the marine environment.
It is now possible to visualise in 3D 
underwater using acoustic systems.

The role of hydrography 
in economic and social 
development

The Blue Economy has the potential to 
provide extraordinary resources.  The 
expansion of mineral extraction offshore 
and of renewable energy are just two 
examples of the emerging importance of 
the Blue Economy where the relevance 
of hydrography is already established.

Figure 1: Nearshore processes (AAM Pty Ltd)

Figure 2: The nearshore environment (Commons Licence)
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It is in the nearshore region however 
that the importance is most pronounced 
and probably least appreciated.

The nearshore region represents the area 
where all of these factors, including 
shipping patterns and leisure activities, 
combine to produce the most pressure 
on resources, particularly space.  Whilst 
there are some temporal elements that 
reduce the squeeze in this area, such as 
tides and daylight, the limiting factor 
to using these areas optimally is the 
limitations of space, in all 3 dimensions.

A cost-benefi t analysis – 
valuing infrastructure spend

Applying appraisal principles to 
hydrographic projects in support of 
energy, transport, fl ood risk and coastal 
erosion and communications.

Situation – there is demand for a new 
anchorage and landing point for cruise 
passengers in the SW Pacifi c islands.  
Currently a major cruise operator visits 
the island as part of their cruise cycle, 
visiting the island around every few 

days and staying for a day in the main 
town, which is served by a harbour with 
a jetty big enough for a cruise liner.

The cruise operator has identifi ed a 
bay that they would like to use to land 
their passengers.  The purpose is to 
provide the passengers with access to 
a picturesque bay with a beach so that 
the cruise experience is advanced.  The 
cruise ship needs to be able to anchor, 
lower her boats and take passengers to 
the beach.  A jetty would be benefi cial.

Like much of the island, the bay is poorly 
surveyed and, although the cruise ship has 
entered and exited the bay safely in the 
past, the safety of such activities would 
be enhanced by a survey of the bay.

Social, economic and environmental 
considerations - the potential of 
a survey in the bay goes beyond 
the one dimensional view given 
above.  There is more to hydrography 
than just a navigational chart.
a. Measurement, regulation and 

control of environmental impact 
– benthic mapping, modelling, 
pollution monitoring, disaster 
mitigation, pollution control

b. Spin-off industries / activities – 
aquaculture, non-cruise tourism, diving

c. Secondary anchorage
d. Traffi c and demand management
e. Climate change impact mitigation
f. Regulatory compliance

The requirement is to get all 
stakeholders involved so that the 
benefi t can be fully articulated.

A mechanism for assessing and presenting 
the value of nearshore hydrography
a. Consider existing data sources 

– charted depths, echo sounder 
information from visiting 
ships, local knowledge, crowd-
sourced data, tidal data

b. Consider current shipping 
traffi c patterns

c. Consider forecast shipping 
traffi c patterns – without the 
survey / with the survey

d. Consider contribution of survey 
to other infrastructure projects

e. Consider contribution of survey 
to environmental projects

f. Consider contribution of survey 
to regulatory responsibilities

g. Consider contribution of 
survey to other industries

The decision to plan and undertake the 
survey should not be done in isolation 
nor should it focus exclusively on the 
needs of shipping.  As many stakeholders 
as possible should be involved so that 
the full requirement and the benefi ts 
are identifi ed and articulated.  It may 
even be possible to identify additional 
sources of funding for the survey.  
These stakeholders may include:
• Local planning authorities
• Tourism
• Aquaculture
• Environmental agencies
• Nearshore resource extraction
• Pipeline and cable routes
• Local fi shermen
• Port operators
• Defence and security authorities, and
• the Leisure industry, as well as 

the national charting authority.

Hydrographic surveys should 
be considered as part of the 
infrastructure of a country and should 
be thought of in terms that include 
the wider impact of traditional 
infrastructure, the interdependence 
of infrastructure networks, and the 
risk of infrastructure failure.

Options

Do nothing - There will be no initial 
investments costs but costs in other 
areas (eg the main port) may rise as 
usage increases, causing congestion in 
the port, and also the existing road / 
port infrastructure.  Ships will only visit 
on an ad hoc basis meaning the local 
economy misses out on potential increased 
revenue from tourism.  The cruise 
operators may decide to go elsewhere.

Do minimum - Use existing data to 
establish a safe entry and exit. A low 
cost option which may meet existing low 
demand.  Possibility of congestion as the 
available space and facilities are limited.

Figure 3: Civil engineering in the 
nearshore (AAM Pty Ltd)
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Limited survey – approaches, anchorage 
and boat lane survey.  There will be 
some reduction in navigation risk and 
the possibility that more ships will visit 
the bay. Navigable water will only be 
confi rmed in those areas where the survey 
has been carried out.  Costs will be quite 
high and the needs of only one sector 
will have been met.  The fundamental 
capacity constraints will remain.

Full MBES survey – The investment cost 
will be very high but the whole of the bay 
will be mapped to a very high standard 
allowing safe navigation and optimising 
the use of space for multiple applications.
This sort of investment should fi t into 
a wider affordability strategy for all 
infrastructure development in the region 
and cannot be considered in isolation.  It 
is very unlikely that nautical charting 
alone will justify this level of expenditure 
and the quality of the survey data is 
likely to be in excess of that required 
by non-nautical charting applications.

Multi-sensor survey – The various 
stakeholders are likely to have different 
requirements in terms of accuracies and 
coverage; nautical charting will require 
IHO Order 1a or Special Order accuracies 
which will drive the requirement towards 
a multibeam survey.  This level of 
accuracy is unlikely to be required by 
fi shermen and leisure users however and 
their needs may well be met by bathy 
LiDAR or lines of singlebeam data.  The 
needs of aquaculture, benthic mapping, 
climate change and pollution assessment/
mitigation and regulatory requirements 
may even be met by satellite observations.  
Although these methods aren’t capable 
of the accuracies and object detection of 
MBES, and will not work at all in some 
conditions, they are much cheaper than 
MBES and produce data more quickly 
over a wider area.  Approaching the survey 
of the bay in this fashion will have a lower 
initial investment cost than the MBES 
survey and yet the same benefi ts from the 
perspective of the stakeholders will be 
realised.  Concentrating high effort into 
the areas where it is most needed, whilst 
also providing data at the appropriate 
level of detail across the whole of the 
bay offers the potential to meet multiple 

requirements, serve the needs 
of several applications and 
provide a more balanced 
cost-benefi t ratio.

Valuing the risk of 
infrastructure failure

Societies and economies 
are dependent upon their 
infrastructure to provide 
the mechanisms that keep 
industries working, societies 
interacting and countries 
developing, whether it be the 
simple process of individuals 
getting to work, food 
getting to market or capital 
projects providing impetus 
to growth and job creation.
For island communities 
and for economies with a 
maritime component the 
infrastructure extends well 
offshore and the failure to 
provide a safe and reliable 
offshore infrastructure can result in 
disruption and loss of output as a failure 
of terrestrial based infrastructure.  In order 
to properly assess the benefi ts that can 
be derived from a hydrographic survey 
it is also necessary to consider the risks 
implicit in not conducting the survey.

In order to assess the impact of not 
providing adequate hydrographic data it 
is necessary to consider the severity of 
an event, the probability of it occurring 
and the impact of the event on the society 
or economy.  If a ship has an incident 
and blocks the approach channel to the 
main port it will have a serious impact 
on the functioning of that port as other 
traffi c may be prevented from entering 
or leaving harbour.  It may take some 
time to clear an obstruction eg. Costa 
Concordia, during which time the port 
is effectively closed to major traffi c.

A fuel spill may cause damage to 
nearby marine ecosystems which 
will in turn affect the industries that 
are based on them eg. the Deepwater 
Horizon incident in 2010 in the Gulf of 
Mexico, and this may have signifi cant 

implications for the parent company 
or the related industry, as with BP and 
oil production in the Gulf of Mexico.

In cost-benefi t terms the risk associated 
with the infrastructure failure is measured 
by looking at the impact of these sorts 
of incidents and the probability of them 
happening as a result of that failure.  In 
this case, the survey provides additional 
resilience into the infrastructure system 
that can be assessed by considering 
to what extent the probability of the 
incident occurring is reduced, how the 
additional information derived from 
the survey may mitigate the failure 
should it occur, and by how the impact 
of such an event may be reduced by the 
survey either directly or indirectly.

Placing a value on some of these things 
is very diffi cult and the value may vary 
from place to place and even time to time 
because the value will depend on the 
economic and social weight/importance 
placed by the society on the assets that 
could be put at risk.  The effects of 
climate change provide a good example 
of this, where a rise in sea level in one 

Figure 4: Costa Concordia (Rvongher)

Figure 5: Oil slick in the Gulf of Mexico (US Navy)
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place may mean only the need to build 
a higher sea wall, while in another the 
same increase in mean sea level could 
submerge a whole island-based society.

Assessing the benefi ts 
of hydrography

A more complete understanding of the 
nearshore environment can bring a number 
of benefi ts to be considered.  The most 
obvious one is that based in traditional 
nautical charting which can improve safe 
navigation for ships and, when combined 
with good navigation skills and equipment, 
and sound seamanship, will reduce the risk 
of groundings and collisions occurring.

Unfortunately it is not possible to prevent 
incidents happening for other reasons such 
as mechanical failure, weather impacts or 
human error.  However, once an incident 
has occurred a good knowledge of the 
hydrography in an area can mitigate the 
impact of an event in the following ways:
• Assisting the safe conduct 

of a rescue effort
• Containing related pollution
• Enabling a recovery
• Permitting traffi c management 

(diversion)
• Predicting the most probable short term 

and long term impact on the ecosystem

All of which will assist with the management 
and mitigation of the event and its aftermath.  
Good decision making is based on good 
and reliable information, especially in a 
crisis, and the provision of geospatial data is 
integral to the provision of good information.

A multi-sensor approach

One of the common issues with value for 
money is over-specifying the requirement.  
In an attempt to gather high specifi cation 
data, a standard is set requiring an 
MBES survey for a shipping channel.  A 
requirement could be density and accuracy 
allowing delineation of contours at 1m 
intervals. This is logical until the area reaches 
depths of less than, say, 10m. At this point 
requirement exceeds reality, as many ships 
won’t go there (unless there is plenty of tide).  

Effort and budget is expended chasing an 
unrequired standard and looking at only one 
aspect of hydrography or assuming that the 
job is best done by only one system type.

The GEBCO system (General Bathymetric 
Chart of the Oceans – www.gebco.net) is the 
origin of a Global Base Layer.  It represents a 
basic level of information but is a signifi cant 
step up from no data at all. Its limitations 
are known, however it forms the fi rst stage 
of spatial decision making.  GEBCO is also 
the original concept of crowd sourcing and 
yet technology, particularly in terms of data 
logging and position fi xing, has made huge 
advances and suitable quality controlled 
crowd sourced data has the potential to 
contribute in a very big way to fi lling in the 
white space on charts. In the case presented 
here, the cruise ships that have already been 
in and out of the bay will have echosounder 
readings and position information 
that could contribute signifi cantly to 
navigation safety at virtually no cost.

Satellite derived bathymetry currently has 
the ability to provide good quality depth 
data in very shallow and optically clear 
water.  The uncertainty associated with the 
technology and the apparent errors in deeper 
water mean that its application is currently 
limited but it is a very cost effective method 
of obtaining depths in very shallow water in 
specifi c conditions. When combined with 
other data in the same area such as crowd 
sourced bathymetry or bathymetric LiDAR, 
the depths derived from satellite observations 
can be tuned to give a more complete 
and accurate picture of the sea fl oor.

The potential of satellite data is growing 
and improving.  Although currently limited 
in depth and with uncertainties that exceed 
IHO order 1, it is a useful planning and risk 
reduction tool.  Satellite data gathering is 
passive, repeatable and relatively cheap and 
will meet the requirements for environmental 
applications and most low level modelling 
requirements in very shallow water.

Satellite data can also identify areas 
where LiDAR bathymetry can ‘tighten’ 
the solution or provide Order 1 if 
required.  This adds redundancy to 
the data as some areas will now be 
covered using independent systems, 

reducing the measurement uncertainties 
in these more important areas.

Bathymetric LiDAR is generally limited to 
depths of less than 50m (more commonly 
20-30m) but achieves IHO Order 1, 
offering an economic alternative to MBES, 
particularly in shallow water where echo 
sounding may be ineffi cient or dangerous.  
Many modelling processes are better 
suited to lower resolution datasets.

Figure 6: Satellite derive 
bathymetry in the SW Pacifi c

Figure 7: Bathymetric LiDAR 
over the same area
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LiDAR offers an IHO Order 1 compliant 
product in coastal areas at a price around 
half that of an MBES survey and will meet 
the needs of most applications outside 
high defi nition navigation surveys.  It is 
ideal for the shallow waters of the bay 
considered in our study and can also 
inform the areas suitable for the shipping 
channel, anchorage area and approaches 
to be surveyed with mutibeam.

With Order 1 requirements met using 
LiDAR, and the very shallow and land 
area covered with satellite, MBES 
can be employed where it is actually 
needed.  It is relatively slow and 
expensive in shallow water, which is a 
good reason to employ it only in those 
locations where it is really needed.

Valuing the wider benefi ts 
of hydrography

As with most infrastructure spending and 
investment, the benefi ts of hydrography 
extend into social and environmental effects 
which are diffi cult to measure and evaluate.  
For example, better charted information may 
mean that a ship does not have to have all 
her engines available for rapid manoeuvre 
which implies reduced CO2 emissions, 
improved air quality, less noise pollution and 
less wear on the ships machinery.  Ships’ 
boats landing passengers in the bay may also 
have a positive effect on economic activity 
in the area itself, facilitating the creation of 
new jobs and spreading the benefi ts of the 
cruise industry further across the island.

It also represents increased resilience in 
the infrastructure.  A safe anchorage and 
landing point would permit multiple ship 
visits to the island without increasing 
congestion in the port, and offers an 
alternative visit location should the port 
be rendered temporarily unsuitable by 
weather or other incident.  The survey 
in the bay represents an extension of the 
existing infrastructure network and assets 
and is likely to have an impact on the 
rest of the network, perhaps in terms of 
more traffi c throughout the network.

Infrastructure development is recognised 
as being a major driver of both commercial 

and residential economic development 
and investment in the infrastructure in the 
nearshore should be considered in the same 
way.  Planning strategically, involving 
multiple stakeholders and applying the 
appropriate technologies, creates an 
opportunity to add signifi cant value in a 
particular location when infrastructure is 
considered as part of wider development.

Conclusion

At the coastal margin, depths become 
critical for navigation, the environmental 
impact of humans is signifi cant and the 
effects of onshore and offshore processes 
need to be fully understood.  The coastal 
margin is where routine human activity 
is most infl uenced by, and affects, the 
hydrography.  Geospatial data in the 
nearshore region provides information 
that underpins development and 
contributes directly to the infrastructure 
of the area both offshore and on land.

The importance of considering the coastal 
region as a whole is growing and it is no 
longer effi cient to consider hydrographic 
surveys as a single dimension activity 
in support of safe navigation.  In order 
to fully appreciate the benefi ts and costs 
of hydrographic surveys, they have 
to be considered as an integral part 
of the strategic planning process for 
infrastructure development and spending.
Only then can the real contribution 
of hydrography be assessed and the 
right investment decisions reached.

A multi-sensor approach to surveys, 
blending data from different sources and 
at the appropriate levels of accuracy and 
cost, makes it possible to model the coastal 
margin more completely and to meet 
the needs of different users in specifi c 
areas; regional satellite mapping; project 
aerial survey; targeted acoustic survey. 
This approach offers real cost and time 
savings and allows a cost benefi t analysis 
to be carried out that is appropriate to the 
needs of the multiple end users.  It is a 
vast improvement over no data, historic 
data unlikely to be improved upon due to 
available budgets, or the prohibitive costs 
of trying to do everything with MBES.
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x HYDROGRAPHY

The hydrographic survey described in 
this paper is part of the draft guide 

for revitalization and improvement of 
watercourses and fl ood forecast upgrading 
for the better defense against the 
increasingly frequent fl ooding. It is also 
an important component of the process 
to establish good environmental water 
quality through morphological monitoring 
of the river branches. Majority of the 
branches are covered in lush vegetation, 
forming an important habitat for fl ora 
and fauna, a vital part of our ecosystem. 

Drava river, located in Central Europe, 
has a total catchment area of   42 000 m2. It 
rises in the South Tyrol in Italy, while the 
Danube fl ows by the settlement Aljmaš 
in Croatia, and its total length is 725 km. 
The total height difference of river Drava 
in Croatia is 105 m, and the length of the 
fl ow is 323 km. Its slope is approximately 
0.03%. With the fl ow of water, the 
substantial sediment of sand and gravel 
characterizes the river. Downstream of the 
river Mura, the Drava River carries about 
40,000 m3 of sediment annually. Under 

normal conditions, transport of sediment 
in the river is balanced, which means 
that the sediment removed is replenished 
with the same amount from upstream. 
With sediment moving from the source 
to the river mouth, there is lateral erosion 
that feeds sediment from the riverbank.

Along the riverbank where the water is 
deeper, and thus faster, there is increased 
riverbank erosion. On the other side of 
the river, the water fl ows slowly and 
leads to the deposition of sediment. The 
consequence of this action on the river 
channel leads to more twists until the big 
curve (meander), when the river fi nally 
breaks through and creates a parallel 
short channel. Eventually, a longer branch 
because of its lower slope and slower 
fl ow becomes covered with sediment and 
forms a separate river stream (fi gure 1). 
The Drava River’s branches are some 
of the last remaining river ecosystems 
of Europe and home to numerous 
endangered habitats and species. With 
the deteriorating river health and many 
species facing severe risk of extinction, 
these rivers deserve special attention 
and protection measures. (Grlica 2008)

It is important to mention that the 
construction of hydropower plants, river 
channeling and sediment exploitation has 
lead to a ‘lack of sediment’ in the river. 
It means that Drava River removes more 
sediment than replenished from upstream. 
Therefore, river sediment is taken from the 
riverbed, which is increasingly deepening 
each year with the annual average dents 
troughs on the river being 2.6 cm/year.

Furthermore, a fl ood in 2012 was caused by 
a large water wave on the Drava River that 
was responsible for more than 15 million 
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Hydrographic survey of 
river Drava branches
The hydrographic survey described in this paper is a contribution to the draft guide 

for the revitalization and improvement of watercourses and fl ood forecasting

Figure 1: River processes – branch formation
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Euros in damage. In 2013, � oods were a 
regular occurrence and caused substantial 
damage. This clearly indicates the 
importance of improving the forecasting 
system and morphological monitoring of 
the Drava riverbed. In addition, according 
to prognostic meteorological models, 
we expect an even greater intensity and 
frequency of the water waves appearance. 
The results of this survey will be used to 
upgrade these processes and records and 
will become an integral part of the main 
implementation plan for � ood control.

Hydrographic survey of 
Drava river branches

Taking into account the above information 
along with the goal of quality hydrographic 
surveying and determining the morphology 
of the riverbed and river banks of Drava, 
we performed extensive of� ce and � eld 
preparation for the demanding � eld work 
by using modern methods of measurement 
and data processing. Given that it is the 
very beginning of the research on the 
river branches and their design elements 
do not exist, we designed it as part of the 
preparatory works. Hydrographic surveys 
were performed at � ve branches on the 
Drava River: Right bank branch near 
Legrad (length of 3 km), Right bank branch 
near Komatnica (length of 5.7 km), Left 
bank branch near Križnica (length of 13.5 
km), Right bank branch near a avica 
(length of 5.0 km) and Right bank branch 
near Višnjevac (length of 5.5 km). The total 
number of surveyed and processed cross 

sections in this project is 581. Locations 
of the branches are shown in the � gure 2. 

A geodetic survey was performed using a 
satellite positioning system (GNSS) and 
where this was not possible, terrestrial 
measurements were performed with total 
stations (tachometric method). Speci� city 
of the bathymetric measurement is the 
integration of the different measurement 
systems, in order to determine coordinates 
of the echo sounder and depths in real 
time. For this purpose, we used single-
frequency Sonarmite echo sounder (235 
kHz) and Topcon Base and Rover GNSS 
RTK System. Software package Hypack 
Max, which is used in this hydrographic 
survey, automatically transforms 
coordinates from WGS84 datum to 

Croatian Terrestrial Reference System 
(HTRS96/TM). All devices are connected 
to a laptop PC and integrated in the 
abovementioned software Hypack Max. 

A base station (Figure 3) was set up above 
the existing geodetic points along Drava 
River, while the rover and echo sounder 
(immersed 0.32 m in the water) were 
placed on the construction of the side of 
the vessel. By placing a RTK antenna and 
echo sounder in the vertical plane, the 
presence of lateral offset in the position of 
the echo sounder calculating was avoided. 
The main challenge was a hydrographic 
survey of small depths in the river branches, 
where the bottom of the river branch is 
covered with plants and vegetation. For this 
reason, we had a large number of redundant 
measurements, in order to ultimately obtain 
reliable and accurate depth information. 
Since bathymetry is performed using 
acoustic method, it is necessary to measure 
the sound velocity in water, which depends 
on temperature and water depth, ranged 
between 1,422 m/s and 1,437 m/s. During 
the hydrographic survey, due to the large 
amount of precipitation, the water level 
of the river increased and hydrographic 
survey of the branches was signi� cantly 
impeded. We experienced extremely 
unfavorable conditions during the survey 
of Drava River, including submerged piers, 
sedge and other vegetation, and a large 
water wave that signi� cantly raised the 
water level of the river and its branches. 

When questioned about the accuracy of 
survey data, there are three errors that affect 

Figure 2: Locations of the fi ve Drava River’s 
branches (Source: Google Maps) Figure 3: Survey of the Drava River branches

The ultimate goal of this 

project is to establish 

a mathematical model, 

which is going to be used 

to analyze the possibility 

of establishing a system 

for flood forecasting and 

simulation occurrence 

of flood waves.
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the accuracy and validity of this survey: 
GNSS measurement’s error, bathymetric 
error and echo sounder positioning 
error. According to statistical analysis 
of the survey results (distribution of 
measurements, the standard deviation of the 
mean error), the reliability of hydrographic 
survey and required centimeter accuracy 
are confi rmed and satisfi ed (s vertical=
2.8 cm, s horizontal= 2.3 cm). The 
following are some of the main branches 
features, as a result of the survey analysis.

Right bank branch near Legrad

In this narrow river, there is not enough 
space to create large deep meanders, less 
slope and this slows down the fl ow. But, it 
is possible to create short inlets and river 
branches that are quickly overwhelmed 
with new sediment deposits. Maximum 
surveyed depth in this river branch is 8.16 
m and its position is shown in fi gure 4.

Right bank branch 
near Komatnica

Infl ow of water into this branch 
comes out of Drava River and 
Gliboliki stream. The western 
part of the branch (to the mouth 
of the creek) is steeper and the 
surface is gravel, while the 
eastern part of the branch is tilted 
lower and the surface is sand. 
The nearby hydroelectric plant 
caused permanent changes in 
the water level, which required 
extra vigilance during this 
survey. The maximum surveyed 
depth in Right bank branch 
near Komatnica is 5.66 m. 

Left bank Branch 
near Križnica

At a length of 13.5 km, the left 
bank branch near Križnica is 

the longest branch of these fi ve branches. 
The research of this survey, in agreement 
with long-term professional research, has 
undoubtedly demonstrated the necessity 
to ensure the dressing of fresh water 
from Drava River in order to reduce the 
impact of eutrophication and siltation 
intensity. The river has changed its course 
due to various regulatory interventions 
implemented in the 1820s. These 
interventions were implemented without 
a comprehensive plan and had almost 
no theoretical scientifi c basis. Further 
interventions in the period between 1842 
and 1966 were designed to shorten the 
waterway and to improve the protection 
of the surrounding area from fl ooding. 
Finally in 1966, adequate access to 
regulatory procedures was performed. 
However, there is still room for better river 
channel management, which is discussed 
in this paper. All of the above resulted 
in the formation of the Left bank branch 
near Križnica (magenta color in fi gure 

5), which among the other branches, is 
the subject of this hydrographic survey.

Right bank branch near a avica

This branch was created after making an 
artifi cial ditch, which shortened Drava 
River by 1.8 km. It was found that while 
diverting water into the new channel, there 
was a signifi cant slowdown in the old water 
channel, and thus an appreciable deposition 
of sand, which resulted in raising the bottom 
of the old riverbed. In contrast with the 
ditch, the speed of water fl ow increased 
considerably, and there has been increased 
riverbed erosion and falling water levels. 
The result of these actions over time will 
completely interrupt the fl ow of water in this 
branch, and it will gradually heal the forest. 
Maximum depth in Drava River channel is 
9.77 m, while in the branch it is 6.90 m.

Right bank branch near Višnjevac

The branch near Višnjevac part of the 
former course of river Drava in the 60s 
and 70s to mid-and high water represented 
the branch total length of 4.66 km.

A system derived from hydraulic 
engineering was introduced to stabilize the 
riverbank and control the junction of the 
right bank and Drava river. However, this 
caused a deposition of sediment on a low 
bank and the connection of the branch with 
low water levels was disabled. Maximum
depth in this branch, according to highest 
water level is 4.34 m, while maximum 
depth in Drava River channel is 4.95 m.

Revitalization, fl ood control 
and morphological monitoring

Revitalization can be easily defi ned as a 
return to the situation as close as possible 
to an unchanged ecosystem. The problems 
of the branches water systems are mainly 

Figure 4: Right bank branch near Legrad

Figure 5: Changing the position of the Drava 
River during the years (near Križnica)

The damage from floods and droughts are a 

much higher expense than the investment to 

prevent the damage from the natural disasters
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linked to the supply of nutrients (nitrogen 
and phosphorus), sediments and other 
organic pollutants carried from agricultural 
areas, and the absence of adequate sources 
of fresh water. The overload of water 
with nutrients and poor water-� ow are 
preventing development of swamp � ora that 
additionally slows down the water current. 

Eutrophication is a global problem. In the 
world, there are 415 eutrophic ecosystems, 
and that number is growing as a result of 
growing human population and increased 
pollution. From the hydrologic point of 
view, the river branch is characterized by 
very small � ows and unsteady water regime. 
Ultimately, all this leads to a reduction 
in the volume of water or its complete 
disappearance (� gure 6) in the river channel. 
This results in reducing the number of 
specimens of fauna and further settling 
of all pollutants. Actions and parameters 
that provide revitalization progress are: 
water surface management by digging 
canals and clearing forest vegetation, silt 
removing, marsh vegetation cleaning and 
the construction of hydraulic structures, 
reducing the difference of water level 
between river channel and river branch. 

As noted above, every year, at least one 
of the rivers in Croatia has recorded 
the emergence of new extreme value. 
Meteorological models in future, expect 
even greater changes (Figure 7). This is just 
another example of why we need to work 
systematically to improve the system of 
hydro-meteorological forecasting. Output 
data of this survey provides information 
of the river channel con� guration and of 

maximum volume of water that a river 
channel can accept. In Croatia, there are 
natural retentions such as Lonjsko polje and 
Kopa ki rit, where part of the � oodwaters 
can be stored. A simple and effective project 
that is being implemented, ‘Development 
of the system for the prediction of � oods on 
the river Drava’ will contain a database that 
can be used to create digital mathematical 
model of � ood forecasting. Databases will 
inter alia contain the following information: 
the amount of water discharged by the 
hydroelectric plants, amount of rainfall and 
melting snow in the Alps, geoinformatic and 
hydraulic models for Drava’s hydrographic 
stations, morphological monitoring data 
obtained by hydrographic survey, etc. 

The ultimate goal of this project is to 
establish a mathematical model, which is 
going to be used to analyze the possibility 
of establishing a system for � ood 
forecasting and simulation occurrence of 
� ood waves. Outputs of this survey show 
that due to digging canals, water level in 
branches decreases, therefore branches 
could affect water from the Drava River. 
The construction and upgrading of � ood 
protection is a complex and lengthy 
process, but that does not mean it should 
be pushed aside. Ultimately, the damage 
from � oods and droughts are a much higher 
expense than the investment to prevent 
the damage from the natural disasters. 

Conclusion

The areas that we have displayed have the 
characteristics of high biodiversity, and 

water surfaces of the branches represent 
the potential for tourism and recreational 
purposes. The performed hydrographic 
survey is a contribution to various 
studies, such as: revitalization, forecast 
systems improving and morphological 
system monitoring with the purpose of 
creating better hydrologic and ecologic 
conditions and the preservation of 
these undeniably important habitats.
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Malaysia has a marine jurisdiction of 
approximately 574,000 kilometres2

(CheeHai & Fauzi, 2006) and is looking to 
implement a marine cadastre. To do this, 
the low-water line needs to be determined. 
This research investigates an effi cient 
method to determine the low-water line 
and subsequently investigates Malaysia 
legislation and coastal policies and their 
effect on the maritime baseline, and fi nally 
makes recommendations regarding the 
management policies for a maritime baseline.

Methods

The method applied in this research 
requires near-shore Digital Terrain 
Modal (DTM), bathymetric DTM and 
tidal information to be obtained in order 
to derive a low-water line (Figure 1). 

Site Selection

Kames Bay, Millport, Scotland was 
identifi ed as the case study area. It has 
both a steep rocky section at its sides 
and a low angled sandy section. It is 

also the site of a fully instrumented tide 
gauge allowing cross-calibration of tidal 
characteristics to the DTMs. This case 
study area is comparable with parts of 
the Malaysian coastline, making the 
tested methodology easily transferable. 

Data Acquisition

The DGPS and echo sounding fi eldwork 
was carried out to acquire a terrestrial 
DTM and a bathymetric DTM of Kames 
Bay on June 7, 8, 2012, across a spring 
tide at Millport. The land elevation data 
was collected using a Leica GPS1200 
and a Leica Smartnet with a GS08 
Antenna. The bathymetric data was 
collected using a 5.5m rigid-infl atable 
boat (RIB) vessel with a 0.4m draught 
carrying a SONARLITE echosounder 
linked to a Leica Smartnet rover. The 
data produced a large overlapping area 
(MHWS-MLWS) of approximately 150 
m from the two sets of DTM (Figure 2).

Determining the low-
water lines

Data Analyses 

Spatial and statistical analyses were 
carried out to validate the DTMs generated 
from the fi eldwork by extracting the 
cell values of the land topography and 
bathymetry data at each DGPS point to 
compare with DTMs from ASTER, SRTM 
and NEXTMap. The following analyses 
were made with the assumption that the 
DGPS DTM produced here is of a higher 
level of accuracy (standard deviation 

Determining the maritime 
baseline for marine cadastre
The primary aim of this research is to develop a methodology to effi ciently 

determine the baseline by acquiring an integrated terrestrial Digital Terrain Model 

(DTM) using DGPS and a marine DTM based on near-shore bathymetry and tidal 

data, in order to derive the location of the baseline at a particular time
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Figure 1: Concept of research methodology used here
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of each DGPS height point collected 
averaged ~ 8mm) than other DTMs and 
will be used as a reference dataset against 
which comparisons will be made. 

Table 1 shows that the DGPS and 
bathymetric data have a strong relationship 
with a relatively high correlation and low 
RMSE. The high correlation between the 
DGPS values and echo sounding elevations 
in the area of overlap provides a high 
confi dence in the echo sounding results 
further offshore, where the measurements 
using other data sources could not be 
validated. Meanwhile, among t he third 
party DTMs, NEXTMap which has the 
highest resolution is signifi cantly more 
precise and accurate than ASTER and 
SRTM. However, despite the reasonably 
good correlation with NEXTMap, its data 
does not extend beyond the low-water 
line region, implying that the time of data 
collection was not the most appropriate for 
this purpose, thus limiting its usability.

DTM  Min  Max Mean RMSE Correlation*
ASTER -22.1048 -1.4641 -8.8831 10.2105 0.1715
SRTM -20.9902 3.6871 -8.5072 10.4047 0.2279

NEXTMap -2.6784 3.7714 0.8319 1.2910 0.5660
Bathymetric -1.8032 3.1258 0.1461 0.3918 0.8732

Note: The correlation is between the original data values rather than the ‘difference’.

Table 1: Statistics of comparisons between DGPS DTM and various DTM (metres)

Table 2: Heights of low-water lines in CD and ODN

Millport’s low-water datum 
heights prediction (2008-2026):

In Chart Datum 
(metres)

In Ordnance Datum 
Newlyn(metres)

MLWS 0.440 -1.180
LAT -0.040 -1.660

(National Oceanography Centre, 2012)

Despite their global availability, 
analysis shows that neither the ASTER 
nor SRTM datasets are a suitable use 
for determining the marine baseline. 
Although not analysed here, marine 
LIDAR shows much more promise at 
covering extensive areas of coastline 
with the required accuracy, but 
with signifi cant costs involved.

Generation of Low-water Lines

Mean Low Water Spring (MLWS) & 
Lowest Astronomical Tide (LAT) were 
subsequently generated from the DGPS 
and bathymetric DTMs using the tidal 
height information obtained from the 
UK National Oceanography Centre. 
Generally in the beach area, the DGPS 
survey was able to cover the foreshore 
from HAT to a little beyond MLWS; 
meanwhile the bathymetric survey was 

able to cover the foreshore from 
MLWS to seaward of LAT, 
but less so in the rocky area. 

The generated MLWS location 
was then compared to the 
MLWS location shown on 
Ordnance Survey (OS) raster 
map and it showed an almost 
identical line with a slight shift 
landward ~12m at the southeast 
of Kames Bay (Figure 3).

The LAT generated from the 
bathymetric DTM was then 
compared to the 1:12,500 
Leisure Chart 5610.1 (published 

in 2005). The LAT line generated 
indicated that the seabed which was 
once shallower (depth value 07 and 
09) in the northwest and southeast of 
Kames Bay has retreated landward 
by approximately ~72m and ~94m, 
respectively (Figure 4). This suggests 
that changes have occurred in the mobile 
near the shore. The UK Hydrographic 
Offi ce (UKHO) confi rmed that the LAT 
line represented on the admiralty chart 
was surveyed by HMS Gulnare in May 
1940 and that information has not been 
superseded (Hannaford, pers comm, 2012). 
Admiralty charts adopted LAT as chart 
datum from 1968 (Burningham & French, 
2008), yet the current LAT line shown 
in Chart 5610.1 has not been revised 
since the 1940 survey. This suggests that 
particular sections of Kames Bay have 
been eroding at an average rate of more 
than 1m per year over the last 72 years 
(1940-2012). This is not an unusual rate 
of movement within the lower intertidal 
on the Scottish coast, mostly driven 
by sea level change and dwindling 
sediment supply (Hansom, 2010).

Sea-level change rates 
and future estimates 

One of the concerns brought about 
by global warming is sea-level rise. 
According to the United Kingdom Climate 
Projection (UKCP09) produced by 
Department for Environment, Food and 
Rural Affairs (DEFRA) for a 95% high 
estimate emissions scenario for Millport, 
in 2025, the change in relative sea level 

Figure 2: DGPS and bathymetric 
surveys carried out at Kames Bay

Figure 3: Comparison of the generated MLWS 
with the current MLWS shown on OS map
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(RSL) is ~0.152 m; and in 2100, the 
RSL will be ~0.714 m (DEFRA, 2012). 
Provided nothing has changed in the 
mobile nearshore, the shift of LAT position 
from 1940 to 2100 is show in Figure 5.

Environmental and economy impact 
of a receding low-water line

In addition to the implications to the 
marine cadastre of a shifting baseline over 
time, the movement of LAT has important 
environmental consequences. It is well 
known that the landward movement of 
MHWS (Mean High Water Springs), 
otherwise known as coastal erosion, is 
ongoing as a result of sea level rise and 
sediment defi ciencies on coasts worldwide. 
What is less obvious is the often unseen 
and unrecorded landward movement of 

LAT that results in loss of 
coastal intertidal habitat 
as well as loss of intertidal 
sediments and thus, a 
steepening of the intertidal 
zone (Hansom, 2010). 
Changes to the gradient and 
sediment composition of the 
intertidal may ensue since 
deeper water will promote 
enhanced wave activity, the 
result of which may be an 
elevated erosion and fl ooding 
risk and calls for artifi cial 
coast protection structures 
as well as accelerated loss 
of intertidal habitat.

Marine cadastre 
in Malaysia

Marine cadastre in Malaysia 
emphasises on the accurate 
spatial determination of 
marine parcels within its 
international maritime 
boundaries. However, its 
implementation is still 
at a rudimentary stage. 
One of the prerequisite of 
marine cadastre is to clearly 
identify its spatial extent 
within Malaysia’s marine 
jurisdiction. Therefore, the 
effective determination of 

maritime baseline which defi nes the outer 
limits of individual state (negeri) maritime 
jurisdiction is of paramount importance.

For a land cadastre, the boundary marks 
depicting the limit of the cadastre parcels 
are surveyed and demarcated on the 
ground. Its physical location is static, 
although its geographical coordinates 
might change due to a shift in horizontal 
land datum caused by natural phenomena 
such as earthquakes. Such events 
only result in the recalculation of new 
coordinate values for the boundaries of 
a land cadastre parcel without physically 
shifting the parcels, or altering their 
existing limit. Compared to land cadastre, 
a marine cadastre boundary is delimited 
(not demarcated) from the low-water 
line and generally there is no physical 

evidence, only mathematical evidence 
left behind (Carrera, 1999). However, the 
dynamism of the coastline determined 
by, among other things, sea level, waves, 
currents, winds, and the added issues of 
coastal erosion and deposition over time, 
may all cause the baseline to migrate over 
time. To avoid spatial uncertainty, constant 
determination may be thus required.

The Malaysia federal-local states’ 
maritime boundary has not been defi ned 
and even the maritime boundary between 
local states has yet to be agreed upon. 
In addition, no maritime baseline has 
been offi cially declared for the country, 
and this has an effect on the level 
of jurisdiction exercisable between 
different maritime zones. The technical 
issues related to a shifting baseline 
and how it impacts marine parcels 
or maritime rights within a maritime 
zone have thus not been addressed.

The dilemma of Malaysia’s 
marine cadastre baseline 

Currently, there is a legislative gap on the 
issues concerning the maritime baseline. 
Five Acts defi ne the maritime limit of 
Malaysian waters but no single policy or 
guideline is in place that addresses or even 
acknowledges the shifting nature of the 
maritime baseline. The closest legislation 
to the safeguarding of maritime baseline 
currently is the ‘Guidelines on Erosion 
Control for Development Projects in the 
Coastal Zone (DID Guidelines 1/97)’, but 
its primary aim is prevention of erosion 
along the coastline and does not address 
the complications associated with a 
shifting maritime baseline or the actions 
needed to deal with it. Institutionally, 
many activities that occur in the coastal 
areas are administered and enforced by a 
variety of agencies or departments under 
various ministries or state authorities. 
No single agency has overall authority 
over all maritime matters. Likewise, 
the technical diffi culties facing the 
determination and visualisation of a 
maritime baseline, coupled with coastal 
dynamism that threatens baseline 
stability, has made it impossible to 
effi ciently govern the low-water line 

Figure 4: Shift noticed in LAT location 
when compared to Admiralty Chart

Figure 5: The shift of LAT position from 1940 to 2100 based 
on historical data, current survey data and 95% estimates 
in the high emissions scenario projected by UKCP09
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without putting in place a proper 
mechanism involving all stakeholders. 

The absence of an articulate policy on 
maritime baseline conservation has also 
caused ambiguity in the limits of federal 
– state maritime zones and thus, subjects 
it to unwarranted disturbance. Therefore, 
as part of this research, a draft proposal 
for a national maritime baseline policy 
is presented that might guide how the 
maritime baseline is to be managed 
and sustained. In addition, a series of 
recommendations for Malaysia have 
been made in order to apply the maritime 
baseline determination method shown in 
this research, and how to overcome various 
issues regarding the maritime baseline 
for Marine Cadastre implementation.
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x GEODESY

Time originally determined by the 
standard clock is called proper 

time, and the time calculated under 
the relativistic framework is called 
coordinate time. The time conversion 
calculated under the relativistic 
framework comes to precession, 
nutation, and polar motion correction 
models which calculate complexly 
and are more dif� cult to write a 
program, so the IAU gives ‘Standards 
of Fundamental Astronomy’ (SOFA) 
to achieve the computational model. 
Currently, SOFA has two versions 
of FORTRAN and C. FORTRAN, 
as an old programming language 
by virtue of its powerful computing 
capability, is still used in some 
scienti� c computing and engineering 
projects. However, FORTRAN runs 
under DOS unfriendly interface that 
makes its operation less convenient. 
C# language that has recently emerged 
under .NET platform makes up for 
the lack of FORTRAN. With the rapid 
development of its technology and 
user-friendly interface, C# has been 
widely used in the windows platform.

In this paper, the advantages of 
FORTRAN’s ef� cient algorithms 
and C#’s friendly interface are 
combined. The mixed programming 
based on FORTRAN and C# is 
researched, and relativistic frame time 
conversion system has been studied 
by analyzing the SOFA assemblies.

Time system in relativity

Terrestrial Time (TT)

Temps Dynamigue Terrestre (TDT), 
based on the International Atomic Time 
(TAI), is geocentric coordinate time, 
whose second length is the same as TAI. 
The relationship between them is [1]: 

 (1)

TDT = TAI + 32.184s (2)

In the 21st IAU meeting, Temps 
Dynamigue Terrestre (TDT) was formally 
changed to Terrestrial Time (TT). 
According to the relationship between 
proper time  and TT, after ignoring items 
O(c-4), the relationship between the two 
under post-Newtonian accuracy is [2] :

 (3)

where W is contained gravitational 
potential and perturbation celestial 
TGP measuring sites’ phase function 
in the Earth center of mass reference 
frame; v is the observer dimensional 
velocity in the non-rotating earth’s 
center of mass reference frame; and 
WG is geoid gravity position. 

  On the transformation of 
time system in relativity 
based   on SOFA and .NET
According to assembly of the transformation of time system in relativity provided by Standards Of 

Fundamental Astronomy (SOFA), the defi nition of time system in relativity and its transformation are 

investigated. The mixed programming technology between .NET language and FORTRAN language are used 

to analyze the transformation process of assembly and to realize interface of transformation of time system 
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(4)

Temps Coordinate Geocentrigue (TCG)

Temps Coordinate Geocentrigue is 
the time basis of Geocentric Celestial 
Reference System (GCRS) that is 
set by IAU. Its function is to switch 
TDT from geoid to center of the earth 
under the relativistic framework, and 
the relationship between the two is:

d(TT) = (1-LG)d(TCG) (5)

where LG is similar to formula (4).

Temps Coordinate 
Barycentrigue (TCB)

Temps Coordinate Barycentrigue is 
the time basis of Barycentric Celestial 
Reference System (BCRS). It is suitable 
for assumption that the observation station 
is still in the solar system (especially on 
the sun) and regardless of other factors. 
The calculation of TCB includes the 
time variable of planetary movement 
around the sun and the preparation 
of the planetary ephemeris time.

Temps Dynamigue 
Barycentrigue (TDB)

The result of the equations of motion 
of major planets comes from numerical 
integration of its argument just coordinate 
time, so people look at the TDB as 
coordinate time whose precise  defi nition 
depends on the solar system CMCS 
coordinates and choice of metric. Its 
role is solving planetary motion around 
the sun and the preparation time motion 
equation system ephemeris used.

Mixed programming 
of SOFA and .NET

Development environment 
and principle introduction 

The development environment of 
mixed programming is Visual Studio 
2013; Intel Visual FORTRAN 2013 is 
embedded in .NET platform. Generally, 

t    he executable code under control of 
the Common Language Runtime (CLR) 
is called the managed code. The code 
outside the runtime library is called 
unmanaged code. FORTRAN program in 
VS (Visual Studio) platform is unmanaged 
code, so the standard package handling 
services are used to generate dynamic 
link library DLL. Unmanaged code 
calling schematic is shown in Figure 1.

Realization of mixed programming

Firstly, a Dynamic-link Library (DLL) is 
created in IVF (Intel Visual Fortran). In 
order to be called by C#, the relativistic 
framework on time functions in SOFA 
library is added to the project.

Modify descr  iption of 
FORTRAN routines.

As FORTRAN and C# are two different 
languages, there are some differences 
in grammar and sentence structure 
between them. To achieve the call of 
DLL of FORTRAN in .NET platform, 
some modifi cations must be done: 
(1) FORTRAN language is not case 

sensitive. When the compiler 
extracts function from a DLL, the 
function name will automatically be 

converted to all uppercase, as the 
.NET platform can’t fi nd functions 
of FORTRAN source code. The 
ALIAS (alias) property should be 
used in the routine which specifi es 
the export function name. Here in 
the iau_CAL2JD function of SOFA 
library function as   an example (the 
same below), a line of code is added 
in a statement after the implicit none:

(2) When a DLL is   created, the 
DLLEXPORTS property must be used 
in FORTRAN code to add an export 
declaration, which is a necessary 
step of importing routine. A line of 
code after implicit none is added:

(3) C# arrays start at 0 and its execution 
order is row column. FORTRAN 
arrays start at 1 and its execution order 
is column row. When performing 
the array parameter passing, the 
fi rst element of the array is passed 
through to achieve the purpose of 
passing the fi rst address of the array. 

(4) Data for the value type in C# is directly 
stored in the stack. FORTRAN defaults 
type is a reference type. The address 
of the reference parameters is stored 
on the stack. The numerical value 
is stored in the heap. When stating 
or calling a function in C#, the ref 
keyword is used to modify parameters 
and make it to be a reference type.

The .NET call instructions:

When SOFA library DLL has been 
generated, it should be copied to 
the project directory Debug, then 
FORTRAN DLL can be called in C# 
project program and some statements 
should be made in the program. 
(1) First of all, references of dynamic 

link library operations class should 
be added in C# using System.
Runtime.Interopserviers.

Figure 1: Platform invoking of unmanaged code

The mixed programming 

is used to solve examples. 

It can be seen that the 

result of the positive 

sequence call and reserve 

call of SOFA function 

library are identical
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(2) .NET platform Dlllmport property 
is used for C# language to access all 
API of WIN32 platforms. Property 
of SetLastError and CharSet are 
set to true. By setting property of 
CallingConvention to Stdcall, unity 
between the two will be achieved. 

(3) When a SOFA function is called under 
.NET platform, it must be declared that 
the function is achieved from outside 
program module. Here the extern 
keyword should be used to modify 
the method name. The method must 
be called in public and static form.

Time system conversion 
under the relativistic 
framework

The latest version of the SOFA library 
(as of October 2014) has a total of 
186 subprograms. The subprograms 
at present comprise 131 ‘astronomy’ 
routines supported by 55 ‘vector/matrix’ 
routines, available in both Fortran77 and 
C implementations [4]. The ‘astronomy’ 
library comprises 131 routines. The 
areas addressed include calendars, 
time scales, ephemerides, precession-
nutation, star space motion, star catalog 
transformations and geodetic/geocentric 
transformations. The ‘vector matrix’ 
library, comprising 55 routines, contains a 
collection of simple tools for manipulating 
the vectors, matrices and angles used 
by the astronomy routines. This paper 
uses the two parts functions of SOFA to 
achieve the time system conversion under 
the framework of the relativistic [5]. 

TT and TCG conversion

The relativistic effects into 
Equation (5) can be obtained [6]:

 (6)

where t = ti – t0, W0 = 62636856.0m2/s2, 
ti for a certain time; t0 as the starting 
time for January 1, 1977 0h, which 
is corresponding to Julian Day JD = 
2443144.5, corresponding to simplify 
Julian Day MJD = 43144.0. The starting 
time of TCG is speci� ed as TCG = TT, 
the formula (6) can be written as:

 (7)

When SOFA library is used for time 
system conversion, the function iau_
DTF2D should be called to convert the 
time to SOFA internal format at � rst 
(the details of function, please refer to 
the literature [7], the same below). Then 
iau_UTCTAI function should be called to 
convert UTC to TAI. iau_TAITT function 
is called to convert TAI to TT. iau_
TTTCG function is called to convert TT to 
TCG. In this way, the conversion between 
TT and TCG has been indirectly achieved.

TT and TDB conversion

TDB is coordinate time. In 
literature [2], there is the following 
relationship between TDB and TT:

 (8)

where the meaning of TT0 and t0 in 
formula (6) is identical. P (TT) is given 
by the ‘FBL’ analytical model, using 
numerical integration methods to calculate. 
Uext represents Newton potential of 
all solar system objects except earth 

(calculated at geocentric). VE, XE represent 
respectively geocentric orbital velocity 
vector and the position vector of the 
Barycentric Celestial Reference System 
(BCRS). X is the position vector of BCRS. 
TDB is indirectly calculated by calculating 
difference between the TDB and TT in 
SOFA function library. At � rst, function 
iau_DTDB is called to � nd difference 
between the two. It is the most complicated 
to calculate UT. UT = UT1-UT = + 0.3341 
can be checked on the of� cial line from 
the IERS. hen, iau_UTCUT1 function 
is called to convert UTC to UT1. 

 (9)

where MOD is the function that strives for 
the remainder of the FORTRAN language. 
And then, DTR = iau_DTDB function is 
called to calculate the difference between 
the TT and TDB, where U, V can be 
calculated in two ways: (1), by relations of 
converting geodetic coordinate system and 
the meridian plane Cartesian coordinates [8].

 (10)

where  (The � rst 
basic latitude function), , here 

Time System PART Result of transformation

TT TT1
TT2

2456956.5
0.62577759259259258

TCG TCG1
TCG2

2456956.5
0.6257872190119953

TDB1 2456956.5
TDB TDB2 0.62577758671328887

TCB1 2456956.5
TCB TCB2 0.625991754962097
UT 0.12500386689814813

DTR -0.00050797184121735
x 5471.991159432665 unit: km
y 3265.8935166539759
U 5471.9911594326748
V 3265.8935166539429

TDB1 2456956.5
TDB TDB2 0.62577758671328887

TT1 2456956.5
TT TT2 0.62577759259259258

TCG1 2456956.5
TCG TCG2 0.6257872190119953

difference 0.000

Table 1: The results of the example time conversion
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the WGS-84 ellipsoid is taken and x, 
y represent respectively U and V.

(2), by calling iau_GD2GC 
function to calculate the U, V.

 (11)

Finally, function iau_TTTDB is 
called to calculate the TDB. 

TT and TCB conversion

TT and TCB have no direct geometrical 
linear relationship, conversion of which 
can be achieved by the intermediate 

variable TDB. In previous section, a 
conversion relationship is given between 
TT and TDB. If the conversion relationship 
between TDB and TCB is given, TT and 
TCB conversion can be successfully 
achieved. There is the following 
relationship between TDB and TCB [9]:

 (12)

where LC is the long-term coeffi cient, 
LG is the same in formula (3), 

,
. First iau_TTTDB  and 

iau_TDBTCB functions are called in 
SOFA function library. Finally, TT and 

TCB conversion can be achieved. 

TCB and TCG conversion

According to movement rules under 
the major planets orbit perturbations 
of the earth centroid trajectory, and 
considering the geocentric orbital 
velocity and gravity of the sun and 
other planets as well as the full potential 
of GR dimensional transformation, 
the following conversion relationship 
exists between TCG and TCB:

 (13)

where ti is a certain time of TCB, 
t0 is consistent with the January 1, 
1977 TAI time. The meaning of Uext,
Ve, Xe and X are the same as the one 
in formula (8). After ignoring items 
O(c–4), the relationship between the two 
under post-Newtonian accuracy is:

 (14)

where the meaning of LC is as same as 

City PART Result of transformation

Paris
TDB2 0.62577759205940842
TCB2 0.62599176030821668

Lhasa
TDB2 0.62577759334426453
TCB2 0.62599176159307279

Wuhan
TDB2 0.62577758671328887
TCB2 0.625991754962097

difference 0.000

Table 2: The value of Paris, Lhasa, Wuhan three stations of TDB, TCB

SD42_CMPL_Antcom_May_Ad_AS.indd   1 4/27/2015   1:35:08 PMCoordinates_June 2015_Final.indd   27 13/06/15   2:29 am



the one in formula (13), the meaning 
of VE, X as in formula (14) and M 
represent the mean anomaly. 

In SOFA library, the conversion between 
TCB and TCG can also be conducted 
indirectly. In turn, calling iau_TCBTDB, 
iau_TDBTT and iau_TTTCG three 
functions, the indirect conversion between 
TCB and TCG can be achieved. 

Examples of conversion

This example uses Wuhan October 
26, 2014, 15:00 (UTC) as the initial 
data (the same below). The value 
of TT, TCG, TDB, and TCB are 
calculated and the self-consistency of 
time conversion is analyzed under the 
framework of the relativistic. According 
to the calculated results, subtraction 
is done and difference items will be 
got. The result is shown in Table 1. 

The order for time conversion is UTC-
>TAI->TT->TCG, TT->TDB->TCB. 
And then TT, TCG, TDB, TCB can be 
obtained. In turn, the reverse calculation 
function is used to calculate TCB-> TDB-
> TT-> TCG, and then TDB, TT, TCG 
will be got conversely. Table 2 shows the 
results of TT, TCG and TDB obtained by 
positive sequence, which is exactly the 
same as the reverse results obtained. So 
the differential item is 0 that indicates 
the self-consistency of the transitions 
between the various time systems as very 
good. When solving TDB, the difference 
of x and Y, or of U and V is small, which 
indicates that both methods can be applied. 
In seeking TCB and TDB time system 

conversion value, the calculation involves 
the longitude and latitude. Here we take 
three sites of Paris, Lhasa and Wuhan, 
and October 26, 2014, 15:00 (UTC) 
time as initial time; TDB and TCB are 
solved respectively. Because TT does not 
involve solving the latitude and longitude, 
here the fractional part of the day time 
that is only listed to avoid repetition.

In Table 2, TDB and TCB of three stations 
appear different, which is because long-
term coeffi cient of the provisions of IAU 
and TDB in formula (8) has been removed, 
which is a direct result of TT. And TDB unit 
length is inconsistent. After solving TCB 
through TDB, it will make a difference. 
In order to make a more intuitive feel of 
the self-consistency about time conversion 
under relativistic framework, the calculated 
Julian date is converted to calendar time. 
The conversion results of which are shown 
in Table 3. It can be seen that the time 
conversion has a good self-consistency.

Conclusions

This paper systematically describes 
the conversion between the TT, TCB, 
TDB, TCB-time system under the 
framework of the theory of relativity, 
and gives & explains some of the 
functional relationship between them. 
Then, the implementation of principle 
of mixed programming is discussed, 
and so are the considerations in detail.

Finally, the mixed programming is 
used to solve examples. It can be seen 
that the result of the positive sequence 
call and reserve call of SOFA function 

library are identical. And the differential 
item is 0, which well illustrates 
the good self-consistency of time 
conversion under relativistic framework 
based on SOFA function library.
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Table 3: the Julian day converted to calendar time

Time System Translate to calendar time
TAI October  26, 2014

15h0m35.000011324882507s
TT 15h1m7.1839848160743713s

TCG 15h1m8.0157244205474854s
TDB 15h1m7.1835020184516907s
TCB 15h1m25.687646269798279s
TDB 15h1m7.1835020184516907s
TT 15h1m7.1839848160743713s

TCG 15h1m8.0157244205474854s
difference 0.000
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GNSS-based positions can be obtained 
in two general ways - Absolute (or 

Autonomous) Positioning and Differential 
(or Relative) Positioning. Absolute 
positioning, with only a single receiver, 
allows a meter level positioning easily 
and continuously. It has been widely used 
for several civil and military applications 
in real-time with only use of a single 
GNSS receiver. Although the absolute 
positioning accuracy has been signi� cantly 
enhanced via the GNSS modernization 
studies, this accuracy is not regarded as 
suf� cient for many surveying applications. 

Over the past decade, a number of 
techniques have been introduced in 
literature to improve the positioning 
accuracy by using a single GNSS 
receiver. For example, in the 1980s, 
some researchers employed a method 
called ‘smoothing’ to create a pseudo-
range/carrier phase combination that 
smoothes the pseudo-range data and 
could do point positioning at a meter or 
sub-meter level of accuracy, but it still 
did not meet the requirements of many 
surveying applications (Saka et al., 2004). 

Latest developments in GNSS data 
analysis and processing techniques offer 
some new approaches. A new method, 
called Precise Point Positioning (PPP), 
has arisen from the advent of widely 
available precise satellite orbits and 
clock data products provided from many 
organizations, such as International GNSS 
Service (IGS), Jet Propulsion Laboratory 
(JPL), NRCan and others. The PPP method 
provides positioning within a centimeter to 
decimeter level of accuracy using a single 
GNSS receiver data in static and kinematic 
modes (Zumberge et al., 1997; Kouba 
and Héroux, 2001; Choy et al., 2007; 

Huber et al., 2010; Alkan and Öcalan, 
2013). Furthermore, for accurate PPP 
solutions, a number of corrections (e.g., 
carrier-phase wind-up, satellite antenna 
phase center, solid earth tide and ocean 
loading) should also be taken into account.

Although the PPP technique has been 
widely used and has become more 
popular, it has some drawbacks such as 
the necessity of long occupation time 
for convergence and the unavailability 
of PPP processing mode in common 
commercial GNSS processing software. 
The long convergence time restricts 
its usability in many cases where rapid 
solution is required and surveying 
ef� ciency is concerned (Liu et al., 2013). 

In our study, an algorithm is developed 
for precise positioning in dynamic 
environment utilizing dual-frequency 
GNSS carrier phase data collected only 
with a single geodetic-grade receiver. 
In this method, users should initiate the 
measurement on a known point near 
the project area for only a couple of 
seconds before starting the kinematic 
measurements. The technique employs 
iono-free carrier phase observations with 
precise orbit and clock products. The 
equation of the algorithm is given below; 

 (1)

where, Sm(ti+1)  is the phase-range 
between satellites and the receiver, SC(ti) 
is the initial range computed from the 
initial known point coordinates and 
the satellite coordinates and IF is the 
ionosphere-free phase measurement 
(in meters) (Saka and Alkan, 2014). 
Tropospheric path delays are modelled 
using the Simpli� ed Hop� eld Model. 

A stand-alone positioning method 
for kinematic applications
In this study, an algorithm is proposed to improve the positional accuracy within 

a few decimeters using a single geodetic receiver with carrier phase data
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To accomplish the process, an in-house 
program was coded in MATLAB and 
some functions were adopted from 
Easy-Suite available at http://kom.aau.
dk/~borre/easy (Borre, 2003). More 
detailed information about the handled 
algorithm can be found in Saka and Alkan 
(2013 and 2014); Saka et al., (2015). 

In this study, the usability of the 
introduced algorithm in near-shore 
kinematic applications is investigated. 
For this purpose, a test measurement 
was carried out in Istanbul, Turkey and 
the performance of the algorithm was 
assessed. In this paper, the test procedures 
and their results are briefl y discussed. 

Case study

In order to assess the performance of 
the introduced algorithm in a dynamic 
environment, a dataset from a kinematic 
test measurement was used. The data 
were collected from a kinematic test 
measurement in Haliç Bay (commonly 
known as the Golden Horn), Istanbul, 
Turkey in August 2009 (Figure 1). 

In the test measurement, a geodetic-grade 
dual-frequency GPS receiver, Ashtech 
Z-Xtreme, was set up on a known point 
on the shore and a couple of epochs were 
recorded for initialization. The receiver 
was then moved to a vessel and data 
were collected for approximately 2.5 
hours (Figure 2). The measurement was 
fi nalized on a known point on the shore.

While the kinematic measurements on 
the vessel were carried out, another 
GNSS receiver was set up on another 
geodetic point with known coordinates 
in ITRF reference frame on the shore 
and data were collected in static mode. 
The collected data by geodetic receivers, 

both on vessel and occupied on the shore, 
were processed by the Leica Geosystems 
commercial GPS processing software, 
Leica Geo Offi ce (LGO). In this way, 
it is possible to obtain the reference 
trajectory with differential technique, 
i.e., known-coordinates of the vessel for 
each epoch that allows to perform precise 
assessment of the introduced approach.

The coordinates of the vessel were 
calculated for each measurement epoch 
with the introduced method. As seen 
from Eq. 1, the process starts with the 
computing of distance between the 
observed satellites and the known point 
that measurements are initiated. After 
the fi rst measurement, the change in 

the range between previous epoch and 
current epoch measured by the carrier 
phase is added to the previous range to 
determine the next phase-range. Then 
positions of the vessel are estimated for 
every epoch using phase-ranges (Saka 
and Alkan, 2014). In this study, with the 
purpose of obtaining more robust results, 
all coordinates were calculated once 
again inversely. As stated earlier, the test 
measurements ended up at a control point 
where coordinates were known precisely 
in ITRF datum. The process was run from 
last epoch to the fi rst one and coordinates 
of the vessel were determined once again. 
The main purpose of this approach is 
to minimize the time-dependent error 
propagation. Furthermore, the calculated 
coordinates were also controlled. 
The average of estimated coordinates 
from two approaches was used as 
vessel coordinates. Positions of the 
vessel estimated from the introduced 
algorithm were compared with the 
known-coordinates epoch by epoch. The 
differences in north, east, positions and 
ellipsoidal heights are shown in Figure 3.

The statistical comparison of the results 
as minimum, maximum, mean differences 
and root mean square of the error 
(RMSE) are summarized in Table 1. 

Figure 1: The Study Area

Figure 2: Trajectory of the Vessel Along the Test Measurement

The results produced 

in this study showed 

that decimeter level 

positional accuracy could 

be achieved with the 

introduced algorithm
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It is clearly shown in Figure 3 and 
Table 1 that the coordinates from the 
introduced method agree with the relative 
solution reaching to 11 cm and 22 cm for 
position and height respectively by the 
averaging of both estimated coordinates 
(i.e., calculated from fi rst epoch to 
last epoch and from last epoch to fi rst 
epoch). The differences were found 
relatively poor for the height components 
within about 2 dm or better accuracy. In 
general, the averaged-coordinates from 
the introduced method agree with the 
differential method within 1-dm or better 
level of accuracy for position and 2-dm 
or better level of accuracy for height. 

Conclusions

In this study, an algorithm is proposed 
to improve the positional accuracy 
within a few decimeters using a single 
geodetic receiver with carrier phase 
data. The results produced in this study 
showed that decimeter level positional 
accuracy could be achieved with the 
introduced algorithm. This level of 
accuracy can be acceptable for a variety 
of surveying and mapping applications, 

Figure 3: Differences between Known-coordinates and Introduced Solutions 
(left) Forward Solution (middle) Backward Solution (right) Average

Position (m) Height (m)
Max. Min. Mean RMSE Max. Min. Mean RMSE

forward solution 0.15 0.00 0.06 ± 0.04 0.25 -0.24 0.02 ± 0.14
backward solution 0.15 0.00 0.10 ± 0.03 0.12 -0.23 -0.04 ± 0.07

average 0.11 0.02 0.06 ± 0.01 0.18 -0.22 0.01 ± 0.10

Table 1: Statistical Comparison of the Results

including some marine applications, 
precise hydrographic surveying, 
dredging, attitude control of ships, 
buoys and fl oating platforms, marine 
geodesy, navigation and oceanography. 
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The breakwaters are built to protect 
infrastructure of ports. They are 

conceived and designed to withstand 
the most adverse and extreme weather 
conditions. The sea waves, the tides, the 
currents, winds, dynamics of underwater 
sediments and activities of the port, are some 
of the factors that lead to the degradation of 
breakwaters, and may restrict the activity 
of the port. One of the most insidious 
degradation is the removal of support 
materials that takes place beneath the 
blocks of protection on the surface. Quite 
often it is a localized process with slow 
progression and small effects on the surface 
of the breakwater, but that can be due to a 
major failure of a stretch of the structure and 
reduction of the functionality of the port. 

When compared with structures like dams, 
bridges or large buildings, breakwaters are 
the structures much less monitored. As the 
deterioration of breakwaters usually doesn’t 
put lives in danger and usually large 
structural modifi cations are a consequence 
of big storms that hit coastal areas, very 
few breakwaters are regularly monitored. 

The monitoring of a breakwater, 
particularly the measurement of 
displacements, faces big challenges that 
have, in many cases, weak solutions. 
Marujo et al. (2013) has made a survey of 
the different monitoring techniques (expert 
judgment techniques and quantitative/ 
automated techniques) available to monitor 
maritime and coastal structures. These 
include visual inspections (walking, 
waterborne, airborne, diving), close-
up photography (terrestrial, waterborne, 

aerial and airborne), photogrammetry, 
videogrammetry, aerial photography 
(with normal or with unmanned aerial 
vehicles (UAV)), ‘crane and ball’ 
survey, topographic survey techniques 
(traditional and GNSS), multibeam and 
side scan sonar, Lidar, satellite images, 
InSAR methods and laser scanning.

Especially in breakwaters that protect small 
ports which don’t generate large incomes, 
the monitoring displacements with aerial 
photography taken by a digital camera 
mounted on an UAV should be tested 
because, as being an inexpensive technique, 
it can represent an interesting alternative 
to other methods. This paper describes the 
fi rst stage of a test, which is undergone, 
on the use of UAV techniques to monitor 
the displacements of the breakwater of 
Ericeira, a structure exposed to the north-
west Atlantic waves. Since its rebuilt in the 
2010s, this breakwater has been used to 
test new methodologies of monitoring like 
the use of 3D laser, multibeam techniques 
and UAV-based generation of surface 
model. This last one is the object of the 
studies performed by the authors of this 
paper, that deals with the assessment of 
the quality of an orthomosaic and of the 
surface model based in photos taken from 
an UAV, during a fl ight that faced diffi cult 
conditions, also reported in this paper.

The breakwater of Ericeira

Ericeira is a seaside resort, 35 km 
northwest of Lisbon, capital of 
Portugal, where fi shing continues to 

Assessing the quality of an 
UAV-based orthomosaic and 
surface model of a breakwater
This paper describes the conditions of the UAV fl ight and of the breakwater 

environment, conditions that were particularly hard, and presents the results of the 

quality control of the surface model made with the use of statistical methods
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play an important role in the local 
economy. In the past few years, 
Ericeira area has seen growing in its 
importance as a leisure resort due to 
the large number of quality surf breaks, 
seven, in just 4 km of coastline.

The port of Ericeira is mostly used by 
the local fi sherman community. The 
advanced deterioration of the original 
protection of the quay (built in 1970s) was 
a consequence of the effect of the highly 
energetic north-westerly Atlantic Ocean 
waves on a under-dimensioned breakwater. 
A comprehensive study made by the 
National Laboratory for Civil Engineering 
(LNEC) in 2000, focused on the analysis 
of the status of pier under the perspective 
of its reconstruction and development of 
the port. The fi rst stage of rehabilitation 
is already completed (Figures 1 and 
2) and focused on rebuilding the 
breakwater and constructing new areas 
and buildings to support fi shing activity.

The new rubble mound breakwater 
(RMB), which is longer and stronger, 
has created a wider area of   suffi ciently 
calm waters to allow safe operations of 
berthing, cargo transfer, vessels manoeuvre 
and protection of port infrastructures. 
The breakwater is 440 m long and 35 m 
wide. It consists of two straight lengths, 
angled at 147º to each other. The crest 
is 6.5 m wide and has an altitude of 9 m 
(referred to the hydrographic zero). The 
main elements of this breakwater are 
a core of fi ner material covered by big 

blocks (armor layer). Beneath 
the armor layer, a fi lter layer 
has been placed which is known 
as the underlayer, to prevent 
the fi ner material from being 

washed out through the armor layer.

Along the entire crest and on half of the 
leeside are two superstructures in concrete, 
being that the lowest one includes a 
quay. The most exposed slope of the 
breakwater (facing the northwesterly 
waves) is covered with tetrapods; 
the southwest extremity, which has a 
small lighthouse on the top, is covered 
with grooved cubes; the remaining 
areas are covered with large stones. 

The UAV fl ight

The fl ight of the UAV airplane took place 
on February 9, 2013, after being delayed 
by a day due to strong winds in the area. 
It had to be carried out during high tide, 
not the best period of the day since many 
blocks were covered with water. The mix 
of these conditions (strong waves, wind, 
and high tide) made it impossible to fi nd 
a good take-off/landing area nearby the 
breakwater. Ericeira village, on the top 
of the cliff that surrounds the port (see 
Figure 1), with a tight urban fabric, has 
no good areas either. The best one, a fl at 
fi eld with ground vegetation and no trees 
or bushes, was in the surroundings of 
Ericeira, nearly 1,200 m away from the 
port. It is necessary to state that this area 
was also chosen due to a clear sight to the 
area where the plane was going to operate 
in. On the slope between the take-off fi eld 
(with at an elevation of about 100 m) and 
the port, there are several high buildings. 

For security reason, the altitude of the 
fl ight could not be set to a low value.

The photos were taken by a digital camera 
Canon IXUS 220 HS (3000×4000 pixels), 
mounted on the platform SenseFly 
Swinglet CAM (Figure 3), a very light 
(500 g) and small (80 cm wingspan) plane. 
The emission of data like battery level, 
speed of the wind, position of the UAV and 
a transmission that was made every 0.25 s 
to a control unit on land, would allow the 
monitoring of the fl ight. The control unit 
consists of the software eMotion (from 
Sensefl y), installed on a laptop. This has an 
external radio antenna for communication. 
A more comprehensive description of the 
system can be found in Vallet et al. (2011). 

EMotion was also used to programme 
the fl ight: To set the route, establish the 
height of the fl ight above ground, and to 
choose the points/area where to trigger 
the photos. In the fl ight above Ericeira 
breakwater, the following were set: i) 
the ground resolution, of 2 cm by pixel, 
ii) the area that needed to be covered, on 
a satellite view of the area downloaded 
from the internet, iii) the lateral overlap 
of the photos of 60%, iv) the longitudinal 
overlap of 90%. With this information, 
the software established automatically 
the fl ight eight (85 m), path (in the form 
of waypoints) and time interval between 
photos (a photo every two seconds). 
The fl ight plan was done at the offi ce 
and transmitted to the airplane just 
before the fl ight. As explained before, 
it was impossible to fi nd a good take-
off area near the breakwater being that 
since the location chosen had a height 
of 100 m. For this reason, the fl ight over 
the breakwater was done at an altitude of 

Figure 1: Reconstruction of the 
breakwater of the port of Ericeira

Figure 2: Breakwater of the port of 
Ericeira after the rehabilitation

Figure 3: Swinglet CAM and carrying case
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185 m. As there is a strong connection 
between ground resolution and quality 
(Küng et al., 2011), the orthomosaic 
and the digital surface model generated 
from the photographs will have lower 
accuracy than initially expected.

During the fl ight there were problems with 
the transmission of data so the ground 
station received very few records from 
the airplane. When the UAV was over the 
breakwater, the ground station only received 
about 2% of the data expected, data that 
would have allowed to set an estimate 
on the location of the airplane (latitude, 
longitude, altitude), its attitude, speed, etc.

But, despite the communication problems 
and because the plane is completely 
autonomous, the fl ight was completed. The 
origin of these problems of communication 
might be related with radio interference 
caused by nearby communications 
antennae. Just before the fl ight over the 
breakwater it was performed another fl ight, 
3 km southeast Ericeira, over a valley only 
with agricultural use. In this fl ight the only 
communication problems occurred when 
the airplane was behind hills and  there was 
no line of sight to it. In Figure 4 we draw, 
on a GoogleMaps image, the programmed 
path of the fl ight (cyan lines) and the 
location of the centre of photographs 

(yellow dots), as received at the control 
station. From the 75 photographs taken, the 
ground station only received information 
about the fl ight in three of these. Figure 
5 presents one of the photos taken.

Despite the bad conditions of the fl ight, 
with high northeast winds, we got a 
good coverage of the breakwater, as 
seen in Figure 6 where we represented, 
over the orthomosaic of the breakwater, 
the approximate span of each photo 
on the ground (in this study, only the 
breakwater area was considered).

During the fl ight the wind direction, 
and velocity, were not constant but the 
predominance was NW-SE direction. 
During the second and forth strips 
(blue and yellow polygons in Figure 6) 
the airplane fl ew in the NE direction, 
against the wind. One can see that its 
velocity slowed down because it took 
more photos. One can also see that it 
was at the beginning of the survey (black 

polygons) that the wind presented more 
variations. Each spot of the breakwater 
was covered by at least fi ve photos, 
being that some features are identifi ed in 

Figure 4: Flight path over Ericeira breakwater

Figure 5: Photo over the breakwater

Figure 6: Span of the photos 
over the breakwater

Figure 7: Automatic identifi cation 
of a feature on 20 photos

Figure 8: Manhole as seen on a photo. On the 
left side yellow points of the point cloud

Figure 9: Southwest corner of a 
manhole being coordinated

Figure 10: Coordinating a point 
near the lighthouse
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21 photos (see example in Figure 7 of a 
feature that can be seen in 20 photos). 

We determined the coordinates of several 
points (ground control points, GCP) of the 
superstructure of breakwater (Figure 11) 
by GNSS to reference the orthomosaic and 
the surface model and to assess planimetric 
and altimetric positional quality. We chose 
points that could be easily identifi ed on 
the images (Figure 8), like the corners of 
the several square manhole covers placed 
along the superstructure (Figure 9), or 
the corners of the concrete base of the 
lighthouse (Figure 10). The points were 
coordinated using two Topcon choke ring 
antennae: one was placed on a tripod on 
the breakwater (reference station) and 
remained there during the surveying; the 
other was placed on top of a stick and on 
each point for three minutes. GNSS data 
was recorded at a period of 1 second. We
calculated geodetic coordinates, in the 
ETRS89 reference frame, and cartographic 
coordinates, in the national coordinate 
system PT-TM06, using the software 
Pinacle and GNSS data of the nearest 
station of the Portuguese CORS Network.

Data processing

Despite the lack of information about the 
fl ight, the processing software PostFlight 
Terra 3D V1, also from Sensefl y, was 

able to produce the 
orthomosaic and 
digital surface model. 

The orthomosaic 
(Figure 11) is an orthogonal projection 
of the ground from which it is possibly 
to get only planimetric coordinates. It 
is the result of the combination of two 
photogrammetric processing tools: 
ortho-rectifi cation (correcting imagery 
for distortion induced by elevation 
using elevation data and camera model 
information) and mosaicking (process 
of taking two or more separate images 
and ‘stitching’ them together into a 
single image). Information about height 
is necessary to build the digital surface 
model, which was derived from a 
point cloud also generated by the same 
software. The surface is described by 
a set of discrete points, independent 
of each other. Each one has only three 
attributes - the three coordinates. In 
Figure 12, we present the point cloud 
(perspective of the breakwater) where we 
assigned a color to each point based on 
its altitude. In this phase, for visualization 
purposes, we generated a triangle mesh 
from the point cloud (Figure 13).

Both products, generated only with very 
few data available from the fl ight, had 
large errors (almost 116 m in planimetry, 
in the south extremity of the breakwater), 

so we had to use some of the GCP to 
georeference the breakwater. We chose 
fi ve points (green dots in Figure 11): one 
point near land, another near the end of 
the breakwater and two in the middle. 

Such a large difference that is unusual 
in UAV orthomosaics, is the result of: 
i) lack of information about majority 
of the photos (coordinates of the centre 
of projection of the photos and airplane 
orientation); ii) in many photos the 
majority of the pixels has information 
about the water and this can’t be used 
to stitch photos because it is impossible 
to fi nd tie points; iii) small areas with 
tie points: the breakwater is a long and 
narrow structure that occupies a small 
area in each photo (photo in Figure 
5 is a good example); iv) long areas 
with similar elements (monotonous 
tetrapods and stone blocks along a 
concrete strip). To surpass the problem, 
the only way was, as explained, to 
use some of the GCP as reference 
points. The points that we didn’t use as 
reference points were used to assess the 
quality of the orthomosaic and of the 
surface model. In the next paragraph, 
the tests will be presented, and the 

Figure 11: Orthomosaic. Location of the ground control points

Figure 12: Point cloud. Colors of the points related with their altitude

Figure 13: Meshed surface that fi ts the point cloud (left image): it can be 
seen the lower level of the superstructure with several cars on it, parked by a 
vertical wall. On the right an extract of one photo, taken over the same area
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following paragraph will include the 
data used and the results of the tests. 

Statistics to test the 
differences of coordinates

We applied statistical tests to assess 
the quality of orthomosaic and surface 
model, tests that are usually used to 
evaluate the positional quality (Casaca 
1999, Morrison 1990). We tested the 
accuracy and precision of the data. The 
data used are differences between GNSS 
and photogrammetric coordinates of the 
GCP. The GNSS coordinates, estimated 
with an error smaller than 1 cm, are 
more accurate than the photogrammetric 
coordinates obtained from the orthomosaic 
and the surface model, and therefore, will 
be considered as reference coordinates. 

Let H (1,n), XY (2,n) and XYH (3,n) be 
matrices of the differences  between 
photogrammetric and GNSS coordinates:

 (1)

 (2)

 (3)

where n is the number of points, 
which can’t be small.
The empirical average (scalar and vector) 
of the samples are determined by

 (4)

 (5)

 (6)

being that mX and mY of (5) 
and (6) are determined from 
expressions equivalents to (4). 

The corrected empirical variance of 
the samples are determined by

 (7)

 (8)

 (9)

with the elements of the matrices 
presented in (8) and (9) determined by:

 (10)

 
(11)

The matrices R of the 
empirical correlation are

 (12)

 (13)

with

 (14)

where r is the correlation factor.

Under the hypothesis that distribution 
of the differences of coordinates 
are normal, the statistics 

 (15)

 (16)

 (17)

are distributed as random 
variables F de Snedcor, with the 
parameter of non-centrality .

The statistic 

 (18)

is distributed as a random variable 
chi-square, with the parameter 
of non-centrality . 

Testing the Accuracy

We characterize the accuracy of the 
photogrammetric coordinates by testing 
the centrality of the distribution of the 
positional errors of these coordinates. 
Under the null hypothesis (H0), the 
scalar v, from (15), (16) or (17) has 
a Snedecor’s F distribution with f1 
and f2 degrees of freedom; under the 
alternative hypothesis (HA), the scalar 
v has a non-central F distribution:

 (19)

with f1=1, 2 or 3 when it is tested, 
respectively, altimetric, planimetric 
or 3D data. The degree of freedom 
f2 is equal to n-1.  is a positive 
non-centrality parameter. 

To test the null hypothesis against the 
alternative hypothesis, the variable of the 
test (v) is compared to the acceptance 
(RA) and critical (RC) regions:

 (20)

where q is the 0.95 quantile of the 
Snedecor’s F distribution with f1 
and f2 degrees of freedom.  

Testing the Precision

We characterized the precision of the 
photogrammetric coordinates by testing 
the dispersion of the distribution of the 
positional errors of these coordinates. 
This test will allow us to assess if the 
orthomosaic/surface model is included 
in a pre-de� ned class of precision, class 
characterized by a tolerance (tJ), with a level 
of quality acceptable of, for instance, 0.95. 

The variance J
2
 of each class 

“J” of precision is determined by 
the following expression:

 (21)

where q is the 0.95 quantile of the chi-
squared distribution with 1, 2 or 3 

Figure 14: Orthomosaic on the surface model
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degrees of freedom, depending on the 
coordinates (1D, 2D or 3D) being tested.

For instance, if it is considered three 
classes (J=I, II or III) with tolerances 
tI=5 cm, tII=10 cm; tIII = 15cm, the 
values of variances of each class when 
testing planimetric coordinates, would 
be I

2=4.17 cm2, II
2=16.69 cm2, 

III
2=37.56 cm2, since q=5.99.

In this test each component, X, Y and 
H are analysed in an independent way. 
Under the null hypothesis, the scalar u, 
from (18) has a chi-squared distribution 
with (n-1) degrees of freedom; under 
the alternative hypothesis, u has a non-
central chi-squared distribution:

   (22)

where  is a positive non-centrality 
parameter. In equation (18),  will be 
replaced by J

2, from the expression 
(21). The test will be performed 
as many times as the number of 
classes of precision established. 

To test the null hypothesis against the 
alternative hypothesis, the variable of the 
test (u) is compared to the acceptance 
(RA) and critical (RC) regions:

RA = [0, q],   RC = ] q, +  [ (23)

where q is the 0.95 quantile of 
the qui-squared distribution with 
(n-1) degrees of freedom.

It was tested if each component was 
included in a chosen class of precision. 
To perform an analysis of the planimetric 
coordinates together (X and Y, as a whole) 
we will use a methodology adapted 
from the one presented by Mailing 
(1989). We will use a comparison of the 
ellipses with equal density of probability 
of the distribution of the planimetric 

inconsistencies with the corresponding 
circles of the planimetric tolerance. This test 
can be adapted to test the 3D coordinates.

Let  be the smallest eigenvalue of the 
matrix of variance-covariance -1, matrix 
which is unknown. The condition

 (24)

is necessary and suf� cient for, given a 
probability level (1- ), the corresponding 
ellipse with equal probability density lies 
inside the circle of tolerance with radius:

 (25)

where q is the probability quantile (1 - 
) of a central chi-square distribution. It 

has two degrees of freedom when testing 
planimetric coordinates; three when 
testing 3D coordinates. Usually =0.05.

According to Morrison (1990), 
the largest and the smallest 
eigenvalues of the matrix S-1 in the 
planimetric case (2×2 matrix) are

 (26)

 
(27)

Knowing these eigenvalues is possible 
to build *, an estimator of the smallest 
( ) eigenvalue of the matrix -1 and 
calculate the statistics w and the 
maximum likelihood estimator  of .

 (28)

 (29)

 (30)

The estimates  (27),  (28) and  
(30) of the smallest eigenvalue  can be 
used in the equation (24) to analyse if 
the level of tolerance can be accepted.

Results of applying the 
tests on the data

Ten points were used to assess the quality 
of the orthomosaic and the surface model. 
The planimetric coordinates were obtained 
from the orthomosaic using the software 
ArcGIS: the points were identi� ed on 
the image and marked by a point. The 
attribute ‘planimetric coordinate’ of these 
points were transferred automatically to 
a text � le. The height of these pointswere 
interpolated from the 2D barycentric 
coordinates. The differences between 
photogrammetric ‘UAV’ and GNSS 
coordinates are presented in Table 1.

The next step of the evaluation is to 
determine the empirical averages and 
variances (see values in Table 2).

With these values, we were able to 
perform the calculus of: i) statistics vH, 
vXY and vXYH, and also of the statistics vX 
and vY (Table 3) to test the accuracy, ii) 
statistics u and the eigenvalues of matrices 
to test the precision (Tables 4 and 5). 

When v q, the distribution of errors is 
central. In Table 3, it can be seen that only 

Table 1: Differences, in centimetres, between coordinates “UAV” (from the orthomosaic and the surface model) and coordinates GNSS

name X Y H name X Y H name X Y H name X Y H
P1 -3.1 -3.8 -1.6 P5 1.1 -5.1 4.2 P16 1.7 -4.0 -4.3 Q44 -0.4 -10.3 7.4
P2 0.8 -3.6 6.4 P7 -2.8 -2.6 17.3 P18 -4.4 1.1 1.0 Q48 -2.4 -12.8 4.9
P3 3.1 -1.3 1.6 P9 -3.9 -7.8 11.3 P20 0.5 -13.8 1.9 Q49 8.6 -6.0 1.9
P4 0.1 0.2 1.3 P10 4.3 -14.0 15.4 Q10 12.3 -10.7 4.3 Q81 8.9 -9.1 14.0

mH= 5.4 cm mX = 1.5 cm mY=-6.5 cm (4)

SH
2= 38.4 cm2 (7) to (11)

rXY=-0.32 rXY=-0.32, rXH=-0.06, rYH=-0.35 (12) to (14)

Table 2: Empirical averages (m) and variances (S2)
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to these and the classes chosen, the 
orthomosaic belongs to class III of 
tolerance; the surface model (that gathers 
planimetric coordinates with altitude) 
belongs to class IV of dispersion.

Conclusions

Several tests were presented that could 
be used to assess the positional quality 
in products used to represent the surface 
of the Earth. It was applied to analyse 
the quality of an orthomosaic and a 
surface model produced from photos of 
a breakwater. The photos were taken by 
a common digital camera mounted on an 
UAV airplane. The � ight was done under 
bad conditions: strong wind, unknown 
position and attitude of the airplane 
due to the lack of communications. 

The root mean square error of the 
photogrammetric ‘UAV’ coordinates 
is 10 cm in planimetry and 8 cm in 
height. The tests performed indicate 
that accuracy was not achieved while 
concerning the precision the orthomosaic 

the positional errors of the X component 
have a central distribution. This is not 
a surprise after a simple analysis of the 
values of Table 1, where it can be seen 
that the majority of the differences of the 
components Y and H have the same sign.

According to the data presented in Table 
4, the orthomosaic can be included in 
class III of dispersion because both 
statistics (uX and uY) are smaller than 
q (the 0.95 quantile of the central chi-
square distribution with 15 degrees of 
freedom). The component altitude, if 
considered independent, is classi� ed as 
belonging to the class IV of dispersion.

To determine the eigenvalues 
of the matrix SXYH, it was used 
the Excel addin Matrix.

To set the class of dispersion of the 
planimetric coordinates and of the 
3D coordinates, it was used the three 
estimators of  presented at the end of the 
last paragraph. In the last line of Table 
5, the values presented are calculated 
for these three estimators. According 

vH=12.4; q=4.5; rejected vXY=13.1; q=3.7; rejected vXYH=9.0 q=3.4; rejected (15) to 
(17)
and
(20)

vX=1.6; q=4.5; accepted
vY=27.9; q=4.5; rejected

Table 3: Testing the accuracy

Table 4: Testing the precision. Each component per se

Class I
tI = 5 cm

Class II
tII = 10 cm

Class III
tIII = 15 cm

Class IV
tIV = 20 cm

uX = 55.11 uX = 13.78 uX = 6.12 uX = 3.44
(18)
and
(23)

uY = 55.31 uY = 13.83 uY = 6.15 uY = 3.46
uH = 88.44 uH = 22.11 uH = 9.83 uH = 5.53

q=7.26 q=7.26 q=7.26 q=7.26

Table 5: Testing the precision of the planimetric and 3D coordinates

tI = 5 cm; I
2 = 4.2 cm2

tII =10 cm; II
2 = 16.7 cm2

tIII = 15cm; III
2 = 37.6 cm2

tIV = 20cm; IV
2 = 66.8 cm2

tI = 5 cm; I
2 = 3.2 cm2

tII =10 cm; II
2 = 12.8 cm2

tIII = 15cm; III
2 = 28.8 cm2

tIV = 20cm; IV
2 = 55.1 cm2

(21)

(27)
to

(30)
and
(24)

that lies in Class III (15 cm) and the 
surface model in Class IV (20 cm). 

These values are worse than the ones 
obtained from a very recent � ight 
made with the same equipment over 
an area of 13.2 ha (the breakwater 
� ight covered an area of 9.5 ha). In this 
larger area, in a city, it was possible 
to choose reference and control points 
all over it. Here, we were not limited 
to a narrow strip as in the breakwater 
study. Maybe this was the main reason 
for the achievement of better results.  
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x SNIPPETS

    AT A GLANCE

 

 A new three party agreement 
between Ordnance Survey (GB), 
Ordnance Survey Ireland (OSi) 
and Land and Property Services 
(LPS) Northern Ireland is set to 
improve access and availability of 
mapping services for customers 
and government users operating 
across the UK and Ireland.

 Raytheon-built GPS III 
system delivered

 Apple buys GPS � rm 
Coherent Navigation

 MENA3D resseller of DroneMetrex 
for Mid-East and N. Africa

 Highway 407 ETR Selects 
Intergraph to Design Traf� c 
Monitoring System

 Juniper Systems to Carry Cedar 
Tree Android Rugged Handhelds

 Airbus Defence and Space: 
65th successful launch 
in a row of Ariane 5

 Euro Engineering, Italy Raises 
Research Value by Using SuperGIS

 DoT Completes 2014 Federal 
Radionavigation Plan

 US Air Force Opens Remote 
Sensing Systems Directorate

 Bluesky’s New Mapshop Offers 
More Aerial Mapping Data

 Shallow Water Topography for 
South China Sea Islands by EOMAP 

 Arithmetica simpli� es CAD 
integration in Pointfuse 

 ViaSat joins ESA's DeSIRE project

 Abia launches new geographic 
information system
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x OLD COORDINATES

Coordinates
10 years before

Issues raised then…

Volume 1, Issue 01, June 2005

Coordinates completes 

ten years…

remembering the 

first issue 
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…are still

relevant
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x NEWS - GNSS

GAGAN fully operationalized

The Indian Space Research Organization 
(ISRO) on 25 May 2015 announced 
the complete operationalisation of the 
GPS Aided Geo Augmented Navigation 
(GAGAN). The fi nal operational phase of 
the system commenced on 19 May 2015 
as it began broadcasting APV1 Certifi ed 
signals.With this, India has become the 
fourth nation after the US, Europe and 
Japan to have inter-operable Satellite 
Based Augmentation System (SBAS). 
Also, GAGAN is the fi rst SBAS system in 
the world to serve the equatorial region.

Earlier on 30 December 2013, Director 
General of Civil Aviation (DGCA) 
gave its nod for GAGAN for enroute 
operations (RNP 0.1) and subsequently 
on 21 April 2015 for precision approach 
services (APV 1). While the GAGAN 
Payload is already operational through 
GSAT-8 and GSAT-10 satellites, the 
third payload will be carried onboard 
GSAT-15 satellite scheduled for launch 
in October 2015. www.jagranjosh.com

New Airbus A350 Airliner 
fi tted with EGNOS

The ESA-developed EGNOS system 
for sharpening the accuracy of satellite 
navigation across Europe has been adopted 
by a growing number of airports to enable 
satellite-guided landing approaches. 
The new Airbus A350 airliner, currently 
entering service, comes fi tted with EGNOS 
as standard. This allows pilots to perform 
precision landing approaches guided by 
EGNOS or its US equivalent WAAS, 
offering vertical guidance down to a 
minimum of 60m before the pilot sights 
the ground to make the go/no-go decision 
on the fi nal landing descent. The result is 
that the EGNOS-augmented signals are 
guaranteed to meet the extremely high 
performance standards set out by the 
International Civil Aviation Organisation 
(ICAO) standard, adapted for Europe by 
Eurocontrol, the European Organisation 
for the Safety of Air Navigation.  A total 
of 131 airports in Europe offer some 225 
EGNOS-based approach procedures. By 
2020, 582 landing procedures are expected 
across 20 European countries. The largest 

international airports use Instrument 
Landing System (ILS) infrastructure, 
with radio beams offering a truly 
precision landing capability, including 
the ability to ‘autoland’ when visibility 
is at its worst. But ILS is expensive to 
install and maintain, so smaller regional 
airports often forego it. The same is true 
of many new or expanding airports.

Exelis, UrsaNav, the Dept. of 
Homeland Security and the U.S. 
Coast Guard enter into agreement 

Exelis, UrsaNav, Inc., the Department 
of Homeland Security’s Science and 
Technology Directorate (DHS S&T), and 
the U.S. Coast Guard have entered into 
a cooperative research and development 
agreement (CRADA) for testing and 
demonstration at former LORAN-C 
sites. These sites are the legacy ground-
based radio navigation infrastructure of 
the decommissioned LORAN-C service 
that could be retained and upgraded to 
provide eLORAN low frequency service. 

Under the CRADA, Exelis will use the 
former LORAN-C assets to put eLORAN 
signals in space for research, test and 
demonstration of the ability of eLORAN 
to meet precise positioning, navigation 
and timing (PNT) requirements of 
government and privately-owned critical 
infrastructure. www.ursanav.com

 No imported components in 
construction of Glonass

JSC “Russian Space Systems” (RCC), 
together with ISS Reshetnev, plan 
to remove imported components 
in construction of GLONASS 
satellites. Production of the advanced 
GLONASS satellite “GLONASS-K” 
is scheduled to begin later this year.

According JSC CEO Andrew Tyulina, the 
company intends to stop the use of foreign 
electronic components as soon as possible. 
The plan is to have 80 percent of the 
satellites’ electronic components payload 
be domestically produced by 2019.

The expected component supplier will 
be the largest designer and manufacturer 

of electronic components in Russia, 
Roselectronika, an entity that unites 
112 companies, research institutes and 
design bureaus. The total investment 
in Roselectronika will exceed 210 billion 
rubles to 2020, including provision for 
modernizing industrial sites that produce 
electronic payloads for space.

Lotte World Tower to Use GNSS 

Lotte world Tower, which is currently 
under construction in Jamsil, Seoul, will 
become the nation’s fi rst building to use 
the GNSS. This technology is currently 
used in the Burj Khalifa of Dubai and 
One World Trade Center in New York. 
The 2nd Lotte World Safety Management 
Committee held a conference recently 
for construction technology with the 
theme of “technology of measurement 
and a straightness management 
system for the Lotte World Tower 
skyscraper”. www.businesskorea.co.kr

Centimeter-accurate’ software-
based GPS positioning developed

Now researchers at the University 
of Texas at Austin have developed a 
centimeter-accurate, software-based 
GPS-based positioning system, using 
existing smartphone GPS chips, which 
they claim is capable of drone package 
delivery down to a “specifi c spot on 
someone’s back porch.” It could also 
boost collision avoidance in cars and 
enable outdoor use of virtual reality 
headsets. The researchers also claim 
that when paired with a smartphone 
camera, it can build a 3D reference map 
of the surroundings, much in the same 
way Ford’s LIDAR system and other 
autonomous vehicles do the same.

For now, the system, dubbed GRID, 
extracts carrier-phase measurements from 
low-cost antennas and operates outside 
the phone, but could eventually run on 
the phone’s internal processor. Currently 
the system delivers both position and 
orientation information to less than one 
degree of measurement accuracy, which 
is more than enough for real-world VR 
use, 3D mapping, and collision avoidance 
systems. www.extremetech.com
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RFP for GPS III launch services

The U.S. Air Force released a draft 
request for proposal (RFP) for GPS 
III Launch Services, including launch 
vehicle production, mission integration, 
and launch operations. The Space 
Exploration Technologies Corporation 
may well enter the competition.

On May 26 the Air Force Space and 
Missile Systems Center (SMC) and 
Air Force Program Executive Offi cer 
for Space announced the certifi cation 
of Space Exploration Technologies 
Corporation’s (SpaceX) Falcon 9 
Launch System for national security 
space missions. It is now eligible for 
award of qualifi ed national security 
space launch missions as one of two 
currently certifi ed launch providers.

Sea Surface mapping with 
GNSS Radio Occultation

A new concept that involves mounting 
an instrument on the International 
Space Station and taking advantage of 
signals from navigation satellites could 
provide measurements of sea-surface 
height and information about features 
related to ocean currents, benefi ting 
science and ocean forecasting.

In 2011 the European Space Agency 
(ESA) called for proposals to explore 
how the Space Station could be 
used to make scientifi cally valid 
observations of Earth. After reviewing 
and assessing numerous proposals, 
the result is to further develop the 
GEROS-ISS mission concept, which 
stands for GNSS refl ectometry, radio 
occultation and scatterometry on board 
the ISS. GPS and Galileo satellites 
send a continual stream of microwave 
signals to Earth for navigation purposes, 
but these signals also bounce off 
the surface and back into space.

The idea is to install an instrument 
with an antenna on the Space Station 
that would capture signals directly 
from these satellites as well as signals 
that are refl ected or scattered from 
Earth. This process could be used 

to calculate the height of the sea 
surface, and to measure waves — or 
“roughness” — that can then be used to 
work out the speed of surface winds.

Russian Glonass welcomed in Vietnam

Vietnam has been using GPS. If the 
negotiations succeed and Russia can 
place Glonass in Vietnam and three 
other countries, Cuba, Nicaragua and 
China, this will benefi t Vietnamese 
users because it offers more choices for 
them. http://english.vietnamnet.vn

Russia, China Agree on Joint 
Exploitation of Glonass 

The heads of Russia’s Federal Space 
Agency and China’s Satellite Navigation 
Offi ce signed a joint statement on the joint 
exploitation of the BeiDou and Glonass. The 
document was signed by Igor Komarov and 
Wang Li in Moscow. http://sputniknews.com

Nicaragua approves Glonass

Nicaragua has approved the 
implementation of an agreement with 
Russia that authorizes the establishment 
of satellite ground stations in the Central 
American country. In 2012, Managua 
and Moscow inked an agreement to 
cooperate on space exploration and 
activities, including land installations 
for GLONASS. www.presstv.ir

The CALIBRA project 

The CALIBRA project recently showcased 
a commercially applicable approach 
to mitigate the phenomenon’s impact 
on high-accuracy GNSS positioning 
techniques. In two demonstrations, the 
project’s newly developed algorithm was 
successfully tested in actual precision 
agriculture and offshore operations. 
Solar fl ares can cause ionospheric 
disturbance, a sudden increase in radio-
wave absorption that often delays the 
propagation of signals and ultimately 
affects positioning. The problem has 
kept researchers busy for years.

The CALIBRA project team has been 
participating in this global research effort 

by focusing on Brazil, which is one 
of the most exposed regions due to its 
proximity to the magnetic equator. The 
project achieved three main milestones. 
First, the team confi rmed that ionospheric 
scintillation and variations in total 
electron content (TEC) had a direct impact 
on the functioning of high accuracy 
GNSS techniques, such as Precise Point 
positioning (PPP) and real-time kinematic 
(RTK) positioning. Then a suitable 
metric was established to characterize 
these ionospheric disturbances. Finally, 
the project produced a short-term 
empirical model for forecasting TEC and 
scintillation. A regional TEC map was 
developed which proved advantageous 
for use in Brazil and, to counter 
scintillation, a number of approaches for 
the mitigation of this phenomenon were 
proposed and their benefi t demonstrated.

A 'GPS' to Navigate the 
Brain's Neuronal Networks

In new research published by Nature 
Methods, scientists from the Hebrew 
University of Jerusalem and Harvard 
University have announced a "Neuronal 
Positioning System" (NPS) that maps the 
circuitry of the brain, similar to how a 
GPS receiver triangulates one's location 
on the planet. For more than a century, 
neuroscientists have tried to uncover the 
structure of the brain's neuronal circuits 
in order to better understand how the 
brain works. These brain circuits, which 
perform functions such as processing 
information and triggering refl exes, are 
composed of nervous system cells called 
neurons that work together to carry out 
a specialised function. Neurons send 
the messages to other neurons, or to 
target tissues such as skin and muscle 
that they innervate, via specialised 
wire-like processes called axons.

In the same way that we need to know 
the exact wiring of an electrical circuit to 
understand how it works, it's necessary 
to map the axonal wiring of neuronal 
circuits to understand how they function. 
Therefore a fundamental goal of 
neuroscience research is to understand the 
structural and functional connections of 
the brain's circuits. ww.sciencedaily.com x
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x NEWS - IMAGING

Mapping technique sheds new 
light on tropical forests

Scientists at the Woods Hole Research 
Center(WHRC) in Massachusetts, 
USA have developed vegetation height 
maps for the entire tropics at very 
fi ne spatial scales. These fi rst-of its-
kind high resolution maps can help 
researchers estimate forest cover, monitor 
biodiversity and wildlife habitats, 
and manage and monitor timber. 

The WHRC researchers, led by senior 
scientist Josef Kellndorfer, combined two 
active remote sensing systems – radar 
and lidar – to create these maps. These 
active remote sensors send out pulses of 
electromagnetic waves – microwaves in the 
case of radar and light waves in the case of 
lidar - to map the earth’s surface. Passive 
remote sensors, on the other hand, depend 
on the sun to illuminate parts of earth, 
and then detect the energy refl ected or re-
emitted by the different objects on earth. 

Kellndorfer and his team combined more 
than 17,000 fi ne-scale radar images 
obtained by the Japanese ALOS satellite, 
with height measurements obtained 
by lidar on NASA’s ICESat/GLAS 
mission, and developed continuous 
vegetation height maps for North and 
South America, Africa, and Asia for 
the year 2007. WHRC’s pantropic 
maps are at a spatial resolution of 30 
meters and can detect tree heights 
of up to 15 to 20 meters. This is an 
improvement over the previously existing 
vegetation height maps that were at 
coarser spatial scales, Kellndorfer 
said. http://news.mongabay.com

Delhi govt to use RS to check 
illegal construction

Delhi Government will use remote 
sensing satellite technology to check 
and map unauthorised constructions and 
encroachments in the city and that task 
forces led by sub-divisional magistrates 
have been formed to stop such activities. 
According to a senior offi cial, the move 
came after the government decided 
to stop unauthorised construction in 
the city. http://zeenews.india.com

Vietnam, India cooperate in 
remote sensing technology

The Vietnamese Ministry of Natural 
Resources and Environment and the 
Indian Department of Space will promote 
cooperation in remote sensing and outer 
space technology via joint projects 
in human resources training and in 
applying remote sensing technology.

The two sides made the joint decision 
during working sessions between 
a delegation of the Vietnamese 
ministry, which made a three-day 
visit to India recently, and offi cials 
from India’s Ministry of External 
Affairs, Department of Space, and 
Space Research Organisation.

The two sides reviewed preparations 
for establishing a centre for satellite 
tracking and data reception and 
processing for ASEAN – to be located 
in Vietnam, as part of the ASEAN-
India cooperation framework. 
http://english.vietnamnet.vn

DigitalGlobe supports updated 
commercial remote sensing legislation

DigitalGlobe, Inc. has announced its 
support for the Commercial Remote 
Sensing Act of 2015, introduced in 
the U.S. House of Representatives on 
May 12 by Reps. Jim Bridenstine (R-
OK) and Ed Perlmutter (D-CO). The 
Commercial Remote Sensing Act of 2015 
is an important step toward necessary 
regulatory reform that will encourage 
growth in the U.S. commercial remote 
sensing industry, ensuring that the 
United States remains the world leader 
in this sector. The bill will provide for 
the collection of metrics around the U.S. 
Department of Commerce’s regulatory 
workload and inform Congress about the 
Department’s ability to meet statutory 
deadlines for adjudicating license 
applications. www.digitalglobe.com

KU awarded new FAA Center 
of Excellence designation

The University of Kansas in USA is 
among three universities across the 

state that are members of the new 
Federal Aviation Administration Center 
of Excellence for Unmanned Aircraft 
Systems, or UAS, which was awarded by 
the U.S. Department of Transportation 
in Washington, D.C. KU, Wichita State 
University and Kansas State University 
are members of the new center known as 
the Alliance for System Safety of UAS 
through Research Excellence, or ASSURE, 
which will play a key role in helping the 
FAA develop rules regulating commercial 
unmanned aerial systems. ASSURE, led by 
Mississippi State University, will provide 
the FAA and industry with research to 
maximize the potential of commercial 
unmanned systems with minimal 
changes to the current system regulating 
manned aircraft. http://today.ku.edu

Taiwan develops fi rst indigenous 
RSI for FORMOSAT-5

The National Applied Research 
Laboratories has announced that the fi rst 
optical remote sensing instrument (RSI) 
completely made in Taiwan that will be 
part of the payload for the FORMOSAT-5 
satellite, marking a milestone in the 
nation’s space technology development. 
The satellite is expected to be launched 
from Vandenberg Air Force Base in 
California in the fi rst quarter of 2016 
to replace FORMOSAT-2, which has 
been operating for over 10 years for 
Earth observation missions since its 
launch in 2004. www.chinapost.com.tw

Rapid Innovation Fund Award to the 
Remote Sensing Systems Directorate

The Space and Missile Systems Center 
Remote Sensing Systems Directorate 
was recently selected for a Rapid 
Innovation Fund award of $3 million to 
support Space Based Infrared System 
data exploitation innovations.

This award will be used to fund the 
Architecture for Real-time Overhead 
Persistent Infrared Wideband 
(ARROW) project, an initiative which 
enables the detection and tracking of 
dimmer and hard-to-detect objects to 
better protect the warfi ghter and the 
homeland. www.spacedaily.com x
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x NEWS - LBSx NEWS - UAV

Daimler And Baidu Inc Team-Up

German automaker Daimler AG is 
increasing its ties with China’s web 
service provider Baidu Inc to enhance its 
in-car software technology, for its luxury 
brands. Daimler. Daimler’s Mercedes-
Benz in China will support information 
and entertainment services from Baidu, 
where drivers and passengers will be 
able to access such services via vehicle’s 
dashboard. www.bidnessetc.com

Ubimo Gets $7.5million 

Ubimo incorporates additional data 
points, including weather and local 
events, to make ads more relevant and 
result in higher conversion rates.

Based in Tel Aviv, the startup recently 
closed a $7.5 million Series B led 
by Pitango Venture Capital, with 
participation from OurCrowd and 
YJ Capital (the venture capital arm 
of Yahoo Japan, which is investing 
for the fi rst time in Israel).

Ubimo’s software-as-a-service 
platform allows companies to manage 
ad placements by looking at factors 
that might infl uence each consumer’s 
purchasing decisions, such as nearby 
venues, events, the weather, and 
neighborhood demographics such as 
the ages and gender of people most 
likely to patronize different services and 
businesses. http://techcrunch.com/

LED technology offers LBS

Philips has unveiled the fi rst major 
install of its connected lighting system 
with LED-based indoor positioning for 
European hypermarket chain Carrefour.

The company said 2.5 kilometres of 
energy effi cient LED lighting was 
installed at Carrefour hypermarket in 
Lille, France, which can transmit a 
location signal to a shopper’s smartphone, 
triggering an app to provide location-
based services. The technology allows 
Carrefour to provide new services to 
customers, including in-store navigation 
and promotions. www.talkingretail.com

India is the world’s top 
drone importer

The decision by India’s National Disaster 
Response Force to use drones to help 
Nepal map the scale of devastation 
caused by last month’s earthquake 
indicates how India has enthusiastically 
taken to these pilot-less aircraft -- 
the so-called eyes in the sky.

With 22.5 per cent the world’s unmanned 
aerial vehicle (UAV) imports, between 
1985 and 2014, India ranks fi rst among 
drone-importing nations, followed 
by United Kingdom and France.

A total of 1,574 UAV transfers have 
taken place across the world between 
1985 and 2014. Of these, 16 are armed 
UAVs, according to data provided by 
Stockholm International Peace Research 
Institute (SIPRI), an independent global 
confl ict-research institute. http://articles.
economictimes.indiatimes.com

Drones banned from Tokyo parks

The Tokyo Metropolitan Government 
has banned people from fl ying drones 
in metropolitan parks and gardens. 
Offi cials said it was based on an 
existing ordinance that bans “acts that 
cause a hindrance to management.” 
The ordinance stipulates a fi ne of up 
to ¥50,000. www.japantimes.co.jp

Trimble Partners with Multirotor 

Trimble has announced that it is 
partnering with UAS manufacturer 
MULTIROTOR service-drone, 
GmbH. The collaboration will allow 
Trimble to expand its existing UAS 
portfolio to provide its customers with 
additional solutions to choose from 
based on their aerial imaging project 
needs. www.service-drone.com/en/

eXom ready for take-off

senseFly has launched the 
eXom, quadcopter drone for 
mapping and inspection.

Developed by experts working 
across numerous fi elds of robotics, 
this lightweight quadcopter 
offers professionals such as civil 
engineers and land surveyors the 
situational awareness, imaging 
fl exibility and durability they need 
to complete challenging tasks 
safely, accurately and effi ciently.

PrecisionHawk signs UAV 
research agreement with FAA

PrecisionHawk has entered 
into a Cooperative Research 
and Development Agreement 
with the Federal Aviation 
Administration to advance the 
research around UAVs across 
rural areas. PrecisionHawk will 
be the only UAV manufacturer, 
joining CNN and BNSF Railway, 
in the partnership forged under 
the Pathfi nder programme, an 
operational concept validation set 
up by the FAA to help integrate 
commercial drones into the US 
national airspace, stated Michael 
Huerta, FAA Administrator.

Septentrio software and GNSS 
solution for the drone market

Septentrio has announced the launch 
of AsteRx-m UAS, a RTK –accurate 
GNSS receiver solution specially 
designed for the drone market. The 
UAS board is complemented by 
the release of GeoTagZ software 
suite; which works together with the 
UAS camera and image processing 
solution to provide cm-accurate 
position tagging of the images 
without the need for a real-time 
data link. www.septentrio.com x
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Galileo update
Both New Galileo satellites 
now transmitting

Signals from both Galileo satellites launched 
March 27 are now transmitting signals.

Researchers at Université de Liège 
and at the German Aerospace Center 
(Deutsches Zentrum für Luft- und 
Raumfahrt, or DLR) reported on May 
21 that the fi rst of the full-operational-
capability (FOC) satellites had begun 
transmitting standard L-band signals. The 
satellite, designated Galileo 8, is using 
pseudorandom-noise-code identifi er 22.

The fi rst E1 and E5 signals from Galileo 
8 were received at an International GNSS 
Service Multi-GNSS Experiment tracking 
station in Windhoek, Namibia, at about 
11:32 UTC on May 21. The satellite’s signals 
were subsequently tracked by a station in 
Wettzell, Germany, and then by others.

The other satellite, Galileo 7, began 
transmitting standard L-band signals on 
May 25. The fi rst E1 and E5 signals from 
Galileo 7 were received around 17:00 
UTC. The satellite is using PRN code 26.

The signals will be set unhealthy for use 
until satellite commissioning is completed.

Galileo 7 is also known as GSAT0203, FOC-
FM3 and as NORAD object 40544. 
Galileo 8 is also designated GSAT0204, 
FOC-FM4 and NORAD object 40545.

Eurocontrol, GSA Start 
Working to Better 
Implement SatNav in ATM

Following the signature of a framework 
partnership agreement on April 8, on 

April 20 Eurocontrol’s Director 
General Frank Brenner visited the 
European GNSS Agency’s (GSA) 
headquarters in Prague where, 
accompanied by his colleague, 
Adriaan Heerbaart, director of 
the Pan-European Single Sky, he 
met with GSA Executive Director, 
Carlo des Dorides. During this 
meeting they discussed key topics 
such as the aviation-specifi c 
environment and its requirements; 
the exploitation of EGNOS and 
Galileo; security for critical aviation 
systems; and future cooperation.

The teams discussed six work 
packages in depth, agreeing 
on priorities, timeframes and 
deliverables. These work packages 
cover aviation users’ needs to 
support the defi nition of mission 
level requirements for EGNOS; 
the operational introduction of 
European GNSS services (EGNOS 
and Galileo) for aviation; advice 
on Regulatory and Standardization 
aspects, including spectrum; support 
to European GNSS Development 
and Exploitation Activities; 
coordination of R&D for GNSS 
in aviation; and the inclusion of 
EGNOS and Galileo in future 
GNSS user terminals for aviation.

Both teams described the 
progress meeting as a success 
to begin articulating secure and 
safe implementation policies 
for European satellite-based 
navigation in the aviation sector. 
www.aviationtoday.com/ x

Uber’s SOS button will 
send live GPS updates

Uber added an “SOS” button to its 
app in India. Starting in the city 
Kolkata and potentially rolling out 
elsewhere, activating the SOS button 
will now send live GPS updates to 
local police, provide police with 
information on the driver, and send 
details on the passenger reporting 
the issue, in addition to initiating 
a phone call with the police as it 
initially did. That information, 
which should enable police to track 
an Uber vehicle, will appear on a 
display that Uber installs for the 
local police.www.theverge.com

Delhi’s wheels get GPS cover

Commuters in Delhi will shortly 
get to see the public vehicles 
operating with GPS. The government 
has approved mandatory GPS 
to all public transport vehicles, 
effective from June 1. The transport 
department had been extending the 
deadlines regarding the GPS and 
also announced that vehicles would 
need it in order to get their fi tness 
certifi cate. http://metroindia.com  

CMS V500 Cavity Monitoring 
System  by Teledyne Optech

Teledyne Optech released the CMS 
V500, a complete redesign of its 
highly popular Cavity Monitoring 
System that introduces a live video 
feed, cable-free operation, and other 
critical new features that improve 
safety and effi ciency in underground 
mining. It has been the ideal scanning 
solution for dangerous and inaccessible 
cavities in underground mining 
operations for years, improving safety 
by letting operators stand clear as the 
sensor head surveys. The accurate 
3D data collected by the CMS 
improves mine operation effi ciency 
by providing accurate insight into 
the mine's actual structure and the 
results of blasting, and increases 
mine profi tability by verifying actual 
cavity size and orientation. x
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x NEWS - GIS

Integrated statistical and 
geospatial data vital for public 
information infrastructure

Integration of statistical and geospatial data 
is key to delivering a public information 
infrastructure that supports evidence-
based decision making. At their fi rst joint 
meeting, representatives from UN-GGIM: 
Europe and the European Statistical 
System (ESS) set out a committment to 
using geospatial information to link and 
match together data from multiple sources. 
This integration will not only meet user 
demands for statistical information with 
higher geographical detail but will also 
signifi cantly speed up its delivery.

Bengt Kjellson, Chair of the UN-
GGIM: Europe Executive Committee 
explained that its aim is to ensure a joint 
working relationship between National 
Mapping, Cadastral and Land Registry 
Authorities and National Statistical 
Institutes in the European UN Member 
States, the European Institutions and 
associated bodies. The meeting was 
held in Luxembourg and hosted by 
Eurostat. www.un-ggim-europe.org

Updated Global Mapper LiDAR 
module now available

Blue Marble has announced the release 
of Global Mapper LiDAR module 
version 16.2. Released in conjunction 
with Version 16.2 of Global Mapper, 
the latest version includes numerous 
functional enhancements and performance 
improvements that have been designed 
to help streamline the processing of 
LiDAR data. www.bluemarblegeo.com/

OS becomes a Strategic 
Member of the OGC

Ordnance Survey (OS) has announced 
that it has raised its Open Geospatial 
Consortium (OGC) membership level 
to become the fi rst Strategic Member 
outside of the USA. As a strategic member 
OS will use their skill and expertise to 
drive a collective and unifi ed approach 
to promoting interoperability for the 
geospatial industry. The new membership 
will also allow OS to represent Europe, 

at a strategic level, to improve the quality 
of standards globally and to enable the 
industry to continue to innovate and grow.

Cadastre 2034: Powering 
Land and Real Property

Cadastre 2034: Powering Land and 
Real Property is a national strategy for 
Cadastral Reform and Innovation for 
Australia. It has been prepared by the 
Permanent Committee on Cadastre; a 
Subcommittee of ISCM. The strategy 
captures the trends and articulates the 
vision of what we believe the community 
will require of our cadastral system 
by 2034. It identifi es where current 
information falls short of today’s consumer 
expectations, and considers the user 
scenarios that could trigger changing 
needs in the future. Cadastre 2034 has 
been developed with input from a New 
Zealand perspective and Trans–Tasman 
collaboration remains an important feature 
of this strategy. www.icsm.gov.au/

Mumbai starts GIS mapping 
of electoral wards

Brihanmumbai Municipal Corporation 
in India has started preparing heavily for 
the 2017 civic polls. The civic body is 
currently in the process of marking the 
boundaries of all the 227 electoral wards 
on google earth, as per the directions 
from the state election commission. As 
part of the plan, enumeration blocks will 
also be GIS mapped and in each block, 
the population as per the latest 2011 
census will be marked. The herculean 
task will be undertaken by the election 
department of the BMC, with the help 
of the civic IT department and the 
medical offi cer (health) of all the 24 
administrative civic wards, following 
which, it will be submitted to the state 
election commission. www.dnaindia.com 

ArcGIS 10.3.1

Esri has released ArcGIS 10.3.1, 
bringing new capabilities: 
• Smart Mapping is an innovative 

approach for creating maps that is 
available through ArcGIS Online. 
You can quickly style the features 

of your map to create useful and 
visually stunning maps every time. 

• 3D Web Scenes allow you to view, 
create, and share 3D web scenes in 
your browser. Available in ArcGIS 
for Server and Portal for ArcGIS, 
you can share these scenes within 
your own infrastructure, and if you 
choose to, share them publically. 

IIC Technologies and DAT/EM 
Systems strengthen partnership 

A long-time user of DAT/EM products, 
IIC Technologies has now extended its 
investment to 100 licenses of DAT/EM 
software as a part of their commitment 
to use quality tools to effi ciently and 
cost-effectively serve their clients 
on a wide variety of projects.

Papua New Guinea: Monitoring 
forests with new Fire Watch website

Supported with a grant by the European 
Union, Papua New Guinea (PNG)’s new 
Fire Watch website uses the latest satellite 
imagery and image processing techniques, 
to advance an understanding of what is 
going on in PNG’s forests in 'real time'. 
The Fire Watch website shows every 
location where a fi re is burning, records 
where and when fi res occur in PNG’s 
forests and automatically uploads the 
information onto the site as it happens. 
Moreover, high resolution satellite 
images and maps of PNG can be viewed 
interactively with the locations of each 
fi re. The website also features an archive 
of past locations, including time and date, 
of all fi res detected across PNG since the 
mid 1990’s. The Fire Watch website allows 
users to generate and print their own maps 
of fi re locations in Papua New Guinea. 
The site is public and available free of 
charge to all users. http://fi re.pngsdf.com

Mobile Surveying with High-Precision 
GPS and Advanced Mapping Features 

TerraGo Edge Version 3.6 provides 
advanced support for EOS and SXBlue 
High-Precision GNSS receivers on 
iOSTM and AndroidTM, adds new mobile 
surveying features, new basemap sources 
and integration with Google EarthTM. x
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Trimble introduces BD935-INS 
module with precision GNSS

The Trimble BD935-INS is part of 
the company’s GNSS OEM portfolio 
and augments real-time positioning 
with 3-D orientation. It is designed for 
applications that require orientation 
as well as RTK in a single package.

The module features triple frequency for 
both GPS and GLONASS constellations, 
as well as dual frequency for BeiDou and 
Galileo. It delivers RTK initialisation 
for 1–2cm positioning. For applications 
that do not require centimetre accuracy, 
the BD935-INS integrated GNSS-
Inertial engine delivers GNSS and 
DGNSS positions in GNSS-denied 
environments such as urban canyons, 
tunnels, heavy canopy and more.

IFEN’s v3.0 of SX3 GNSS 
Software Receiver

IFEN has launched the latest software 
release, v3.0, for its SX3 GNSS 
Software Receiver Generation 
with following features:
• Real-time P-code generator and P-code

aiding for GPS L1/L2 cross-correlation
• Full dual-antenna support 

for SX3 Black Edition
• KML fi le output for Google 

Earth real-time visualization

• Better performance through switch 
from 32-bit to 64-bit version

• Support of new SX3 RF front-
end with up to 12 IF streams

IFEN’s SX3 multi-GNSS software 
receiver now tracks all known and in future 
upcoming GNSS signals in view in real-time 
on a standard laptop (up to 1,000 channels 
in parallel on a core i7 desktop PC).

Fugro wins DeepOcean fl eet contract

Fugro has been awarded a contract by 
DeepOcean for the provision of precise 
satellite positioning for their entire fl eet. 
The contract is valid for three years 
and also includes the new vessels in 
DeepOcean’s continuously expanding 
fl eet. DeepOcean is one of the world’s 
leading providers of services and 
technologies for the subsea industry. 

NovAtel chooses FileCatalyst 
Direct to send Large Files Fast

Unlimi-Tech Software, Inc., creator 
of FileCatalyst, has announced that 
NovAtel Inc has chosen FileCatalyst 
Direct for their high-speed fi le transfer 
requirements. With the implementation of 
FileCatalyst Direct, NovAtel employees 
are now able to transfer their large 
datasets across the globe quickly and 
securely. http://www.prweb.com

Hemisphere GNSS release Athena 

Hemisphere has designed its new core 
engine to maximize the company’s 
ability to excel at the rigorous GNSS 
requirements of multiple market segment 
customers in Machine Control, Survey and 
GIS. The release of Athena is a signifi cant 
milestone for Hemisphere but just the 
fi rst piece of a wave of new technologies 
being delivered into the market by 
Hemisphere in 2015. Athena excels in 
virtually every environment where high-
accuracy GNSS receivers can be used. 

New Thuraya Sat Phone comes 
with GPS, BeiDou and Glonass

Thuraya Telecommunications Company 
has launched a new satellite phone, the 
Thuraya XT-PR, featuring built-in GNSS 
with GPS, BeiDou and Glonass. It  has 
a talk-time of up to 9 hours, it is water 
splash, dust and shock resistant, and 
features a hardened Gorilla glass display. 

Forsberg Acquires Raven’s 
StarLink GNSS Product Line

Forsberg Services Ltd. has acquired 
the StarLink product line from Raven 
Industries. StarLink includes inline 
amplifi ers, coaxial down/up converters 
and fi ber-optic link systems to enable 
and support extended cable runs 

9th - 11th December 2015, UNSW Sydney, Australia

THE 9TH INTERNATIONAL SYMPOSIUM 
OF MOBILE MAPPING TECHNOLOGY

http://www.mmt2015.org/
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for GNSS in navigation and time 
synchronization applications.

Forsberg Services Ltd. is a European 
navigation systems integrator and OEM 
component supplier based in Lancaster, 
U.K. www.forsbergservices.co.uk 

Topcon’s GNSS network 
expands to Latin America

Topcon Positioning Group has announced 
the expansion of the TopNETlive GNSS 
reference station network into Latin 
America. In conjunction with hosting 
partners, new service will be provided in 
Mexico, Peru, the Dominican Republic, 
Bolivia, Guatemala, Colombia and 
Panama. It is designed to deliver high-
accuracy GNSS correction data to 
rovers for surveying, construction, GIS 
mapping and agricultural applications.

eCognition Suite 9.1 by 
Trimble Geospatial

Trimble Geospatial has announced a new 
version of the Trimble® eCognition® 
software suite. It offers additional 
workfl ows to increase effi ciency and 
quality of deliverables for Remote 
Sensing and GIS experts. This release 
includes capabilities to more effi ciently 
generate intelligence from images 
and point clouds acquired by aerial, 
space borne, UAS-based or mobile 
mapping platforms. eCognition.com

Kenya Land Survey Efforts Aided 
with Spectra Precision Equipment

The Kenya Department of Surveys has 
acquired eight Focus 30 total stations 
and an additional eight Epoch 50 GNSS 
receivers as part of an ongoing major 
effort to adjudicate land and prepare deeds. 
According to the Lands Cabinet Ministry, 
until recently 67 percent of Kenya had 
yet to be adjudicated even as the work 
was supposed to be completed within 
20 years after it was commissioned in 
1957 by the British colonial government. 
To rectify the problem the government 
of President Uhuru Kenyatta two years 
ago began a major new push to produce 
three million titles by 2017. Recently, 

This vigorous, automated approach to verifying the fi xed ambiguities 
determined by TRIUMPH-LS gives the user confi dence in his results and 
saves considerable time compared to the methods required to obtain minimal 
confi dence in the fi xed ambiguity solutions of other RTK rovers and data 
collectors on the market today. The methods required by other systems are 
not nearly so automated, often requiring the user to manually reset the single 
engine of his rover, storing another point representing the original point and 
then manually comparing the two by inverse, all to achieve a single check on 
the accuracy of the fi xed ambiguities. Acquiring more confi dence requires 
manually storing and manually evaluating more points. Conversely, J-Field 
automatically performs this test, resetting the multiple engines, multiple 
times (as defi ned by user), provides an instant graphic display of the test 
results, and produces one single point upon completion. www.javad.com

RTK V6+ six engines plus one support by JAVAD GNSS

Auto Verify... Auto Validate...

it was announced by the Land Surveys 
Department that 800,000 title deeds had 
been prepared and are being distributed.

AAM Group expands its 
operations to India

AAM Group has announced their 
expansion into India during a recently held 
ceremony held in Delhi. According to Mr. 
Mark Freeburn, Global CEO, AAM Group, 
“AAM is the largest geospatial mapping 
business in our Region which spans Africa, 
Asia and the Pacifi c. Creating AAM India 
furthers our aspirations and capabilities 

in Asia, with offi ces in India, Singapore 
and Malaysia. The new entity will focus 
its energies to provide excellence in data 
acquisition, processing and delivery 
across the geospatial spectrum. We will 
provide 3D City models,similar to the 
AAM produced models for Singapore, 
Sydney and Hong Kong, to broad area 
geospatial informationat a state wide 
level to assist with infrastructure, urban 
design planning, and the National Land 
Records Modernization Programme.  We 
plan to work with other Indian geospatial 
companies to provide a new level of 
technology to support India’s growth”.x
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x MARK YOUR CALENDAR

YES! I want my 

I would like to subscribe for (tick one)

First name  .........................................................................

Last name  ..........................................................................

Designation  .......................................................................

Organization  .....................................................................

Address ...............................................................................

...............................................................................................

City  ................................... Pincode  .................................

State  ................................ Country  .................................

Phone  .................................................................................

Fax  .......................................................................................

Email  ...................................................................................

I enclose cheque no.  ......................................................

drawn on  ...........................................................................

date  .................................. towards subscription

charges for Coordinates magazine

in favour of ‘Coordinates Media Pvt. Ltd.’

Sign  .................................. Date  .......................................

Mail this form with payment to:

Coordinates
A 002, Mansara Apartments

C 9, Vasundhara Enclave

Delhi 110 096, India.

If you’d like an invoice before sending your 

payment, you may either send us this completed 

subscription form or send us a request for 

an invoice at iwant@mycoordinates.org

October 2015
Surveying & development regional conference

03-06 October
Sharm El-Sheikh, Egypt
www.sd2015-eg.org/

Commercial UAV Expo
5 - 7 October
Las Vegas, Nevada, USA
www.expouav.com

DIGITAL EARTH 2015
October 5-9
Halifax, Canada
www.digitalearth2015.ca

20th UN Regional Cartographic 
Conference for Asia and the Pacifi cConference for Asia and the Pacifi c

5-9 October
Jeju Island, Republic of Korea
http://unstats.un.org/unsd/geoinfo/RCC/

Intelligent Transportation Systems: 
22nd ITS World Congress

5 - 9 October
Bordeaux, France
http://itsworldcongress.com

Geo Empower Africa Summit
6 - 7 October
Johannesburg, South Africa
http://itc.fl eminggulf.com/geo-empower-africa-summit

36th Asian Conference on Remote Sensing
19 - 23 October
Manila, Philippines
www.acrs2015.org

2015 IAIN World Congress
20 – 23 October
Prague, Czech Republic
www.iain2015.org

Joint International Geoinformation Conference
28 - 30 October
Kuala Lumpur, Malaysia
www.geoinfo.utm.my/
jointgeoinfo2015/index.html

November 2015
ISGNSS 2015

16 - 19 November
Kyoto, Japan
http://www.isgnss2015.org/

Drone World Expo/MAPPS Conference
17 - 18 November 
San Jose, CA United States
www.droneworldexpo.com

December 2015
9th International Symposium on Mobile 
Mapping Technology (MMT 2015)

9 - 11 December
UNSW, Sydney, Australia
www.mmt2015.org

June 2015
ESNC & Copernicus Masters 2015 

15 April to 13 July
www.esnc.eu, www.copernicus-masters.com

The Commercial UAV Show Asia 2015
30 June - 1 July
Singapore
www.terrapinn.com/exhibition/
commercial-uav-asia/index.stm

July 2015
IGNSS 2015

14-16 July
Queensland, Australia
www.ignss.org

Esri User Conference
20 – 24 July
San Diego, USA
http://www.esri.com/events/user-conference

13th South East Asian Survey Congress
28 – 31 July, Singapore
www.seasc2015.org.sg

August 2015
The Fifth Session of the UN-GGIM

3-7 August 
United Nations Headquarters, New York, USA
http://ggim.un.org

CPGPS MIPAN’2015
26 and 28, August 
Xuzhou, Jiangsu, China
www.cpgps.org/new_site/news2015.php

UAV-g 2015
30 August - 2 September
Toronto, Canada
www.uav-g-2015.ca

ESA/JRC International Summer 
School on GNSS 2015 

31 August - 10 September
Barcelona, Spain
http://congrexprojects.com/2015-events/15m21/registration

September 2015
GIS Forum MENA

6 – 9 September
Abu Dhabhi, UAE
http://gisforummena.com

InterDrone
9-11 September 2015
Las Vegas, USA
http://www.interdrone.com/

ION GNSS+
14-18 September
Tampa, Florida, USA
www.ion.org

INTERGEO 2015
15 – 17 September
Stuttgart, Germany
www.intergeo.de/intergeo-en/

Rs.1800/US$100 Rs.3000/US$170 Rs.4300/US$240
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©2015 Microsoft Corporation. All rights reserved. Microsoft, UltraMap and UltraCam Osprey, Eagle, Falcon and Hawk are either registered trademarks or trademarks of Microsoft Corporation in the United States and/or other countries.

Need a large format camera system for low-altitude, corridor missions? High-altitude ortho  
collections? Something in between?

Need to be able to collect oblique imagery? How about oblique and nadir imagery in panchromatic,  
color and near-infrared all in the same pass?

Need a software system that will allow you to take that  
aerial imagery and create point clouds in LAS format,  
digital surface models, and orthomosaics? No problem. 

The UltraCam series of large format photogrammetric digital  
aerial sensors includes systems of varying image footprints  
and focal lengths. Whether you need multi-spectral nadir  
imagery or obliques—or both from the same camera—we  
have a system for you. 

process UltraCam data to Level 3, radiometrically corrected and color-balanced imagery, high-density 
point clouds, DSMs, DSMorthos and DTMorthos. 

We’ve got you covered.

iFlyUltraCam.com
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