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current air-traffic-handling methods, airports cannot
always use their infrastructures’ potential capacity. Dur-
ing low-visibility conditions especially, airport through-
put drops dramatically.

In 2000 an estimated 1.7 billion passengers took sched-
uled flights on the world’s airlines. The International Civil
Aviation Organization predicts a 5-percent average annual
increase, which would boost that number to approximately
2.3 billion by 2010.1

Although major air carriers posted cuts between 10 and
20 percent after the 11 September events, the overall traffic
reduction has been much smaller owing to the overwhelm-
ing amount of general aviation and freight traffic. Major
airports will likely face capacity problems again soon.

With congestion already a major concern, airports
clearly need more capacity and must complement this
with greater efficiency. They must handle aircraft as
quickly and cost-effectively as possible, while ensuring
optimum safety. Owing to space and budget constraints,
this is rapidly becoming a challenge the world’s major
airports must face.

Advanced Surface Movement Guidance and Control Sys-
tems (called Airport Surface Detection Equipment in North
America) potentially can solve the airport capacity bottle-
neck while maintaining at least the current safety level.2 A-
SMGCS is becoming increasingly sophisticated and plays a
major role in avoiding runway incursions.3 To investigate the

feasibility of phasing in new technology to ease airport oper-
ation, the European Commission has funded several research
projects. The latest project, called Vision, aimed to apply all
the technologies developed in previous projects, including A-
SMGCS, to a set of real airports.

System technology
Traditionally, air traffic controllers have relied on posi-

tion reports from pilots to maintain aircraft separation on
the ground. Controllers can use A-SMGCS to monitor
and safely direct aircraft and service vehicle movements
on runways and taxiways. This traffic appears on radar
screens in the tower, letting controllers monitor vehicles
and aircraft to ensure that they maintain the proper dis-
tance from other traffic. The system determines aircraft
and vehicle positions and relative speeds, improving the
safety and efficiency of airport operations. The system is
especially useful during peak periods or conditions of
poor visibility—due to fog, precipitation, or darkness, for
example—when traffic cannot be clearly seen from the
control tower. The system also has an automatic safety
alert capability known as the Runway Incursion Monitor-
ing and Conflict Alert System, which detects potentially
hazardous situations. For example, an approaching air-
craft headed for an occupied runway will generate visual
and audio warnings with enough time to ensure that con-
trollers can take proper action. Additionally, the system
can control lead-on and lead-off lights and automatically
activate stop bars at runway entry points.

Vision
The Vision project ran from 1 January 1998 to 31

December 2000 under the European Commission–DG
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XIII 4th R&D Framework Program. The
overall cost was 3,445,711 euros, of which
the commission contributed 50 percent.

The project’s main objectives were to

• Demonstrate the capabilities of A-
SMGCS, including its modularity and
adaptability

• Assess the possible increase in airport
capacity under various visibility
conditions

• Assess safety while increasing capacity
• Evaluate the workload on air traffic

controllers
• Stimulate cooperation in Europe between

the 13 project partners (see the sidebar)

The Vision demonstrator consisted of
several software components running on a
Silicon Graphics O2 workstation. The
system provided the basic A-SMGCS
functions:

• Surveillance
• Situation monitoring and conflict alert
• Aircraft guidance to or from its assigned

stand

The project consortium first analyzed
user requirements, then defined the sys-
tem and designed the subsystems. The
consortium partners integrated the vari-
ous components into the Vision demon-
strator and installed it at four high-vol-
ume test sites:

• Frankfurt, the second-largest airport in
Europe,4,5 had 49 million passengers and
458,000 movements (takeoffs or land-
ings) in 2000.

• Palma de Mallorca, the third-busiest
Spanish airport, had 19 million passen-
gers in 2000.

• Oslo Gardermoen, one of the newest
European airports, had 20 million pas-
sengers and 200,000 movements in 2000.

• Paris Orly, eighth in Europe and second
in France, had 25 million passengers and
243,000 movements.

The information fusion from the test
airports’ different sensors and databases
fueled the traffic display. The consortium
tested several sensors, including surface
movement radar (SMR), approach sur-
veillance radar, the Differential Global
Positioning System (DGPS), Secondary
Surveillance Radar Mode-S multilatera-

tion, and docking sensors. Airport techni-
cal staff tested the system’s functionality
on-site, making sure it performed accord-
ing to specifications and caused no harm
to existing airport equipment. Certified
controllers tested its operation and pro-
vided subjective feedback on the system’s
usability, performance, and value to their
jobs.

Results and achievements
The project partners obtained several sig-

nificant results, and most of their objectives
were met. Along the way, they gained signif-
icant experience and made important rela-
tionships. For example, the project fostered
cooperation and communication among
partners from different countries and busi-
ness competitors.

The Vision A-SMGCS improved the
traffic flow and showed potential for sig-
nificantly increasing capacity during poor
visibility and peak periods. The traffic
display provided full situational aware-
ness, which reduced the need for vocal
communication and lowered air traffic
controllers’ stress levels.

The consortium developed several new
functions in the framework of the Vision
project, including

• SMR and Mode-S multilateration data
fusion for locating and identifying air-
port ground traffic6

• An A-SMGCS routing function, which
designates routes for aircraft within
the movement area, and a guidance
function, which clearly indicates

assigned routes and allows pilots to
follow them7,8

• Data fusion algorithms based on radar
• Automatic dependent surveillance mea-

surements for air traffic control application9

Increased capacity
The evaluation does not confirm cate-

gorically that an A-SMGCS makes it pos-
sible to handle increased traffic. However,
some air traffic controllers participating in
the evaluation quantified the benefits on
the basis of previous experience. Oslo Gar-
dermoen, an airport with bad visibility
during much of the year, showed an in-
crease from 20 to 30 movements per hour
without A-SMGCS (monitors turned off)
to 55 to 60 or more with A-SMGCS. This
means a profit increase of 100 percent in
terms of traffic capacity under low visibil-
ity. The Orly controllers confirm this expe-
rience, although no figures are available,
and further confirm that the advantage of
an A-SMGCS increases as traffic increas-
es. Benefits were not as significant during
low-traffic periods.

Increased safety
The evaluation confirms that the com-

bination of cooperative sensors available
with an A-SMGCS improves controllers’
situational awareness, particularly in dif-
ficult weather situations and in combina-
tion with operations on the runway such
as snow cleaning and runway inspections.
Controllers can detect possible conflicts
and take corrective actions to avoid them
(see Figure 1).
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The Vision project coordinator was Navia Aviation (Norway), now a part of Park
Air Systems. Twelve other companies and organizations also participated:

• Seatex (Norway), www.seatex.no
• Oslo Airport (Norway), www.osl.no
• AENA (the Spanish Civil Aviation Administration), www.aena.es
• Airsys Air Traffic Management (Germany)*
• Frankfurt Airport (Germany), www.fraport.de
• Airsys Air Traffic Management (France)*
• Aeroports de Paris (France), www.adp.fr
• ISDEFE (Spain), www.isdefe.es
• Syseca Belgium (Belgium)*
• Syseca (France)*
• Airsys Navigation Systems (Italy)*
• Polytechnical University of Madrid (Spain), www.upm.es

* now part of Thales (www.thalesatm.com)

Project Partners



Reduced vocal communication
A reduction in the amount of vocal

communication can lead to improved con-
troller efficiency and reduce the possibil-
ity of communication errors. Experiences
at Oslo Gardermoen showed that an A-
SMGCS could reduce the need for vocal
communication to determine aircraft
position by approximately 50 percent.
This is under certain visibility conditions,
when the controller does not have visual
contact with the aircraft. This benefit
does not arise in other visibility condi-
tions.

Data fusion
Several sensors, including SMR, Mode-

S multilateration, approach radar, and dock-
ing sensors, provided data for the tracking
function, although the sensor suite differed
among the test airports. Fusion of this data
was one of the major functions tested.
Fusion at Frankfurt and Palma was per-
formed with the tracker from Universidad
Politecnica de Madrid, which required
more powerful processors. Fusion at Gar-
dermoen was performed with the tracker
supplied by Park Air Systems. Both track-
ers provided reliable target reports in real

time. Tests also demonstrated the system’s
modularity—it could use any tracker mod-
ule with only a little modification.

Automatic labeling
The Vision A-SMGCS demonstrated

automatic labeling, enabled by data fusion,
of both arriving and departing aircraft. It
used data from SMR, the DGPS vehicle
tracking system, docking sensors, and the
gate management system to assign and
lock labels on various targets (see Figure
2). The system required no controller input.

Vehicles fitted with transponders appear
automatically on the screen with call signs
and target classifications (“vehicle”). This
makes identification of vehicles faster and
safer, even when they are alongside the
runway, outside the radar coverage area.

Routing and guidance
The evaluation concluded that the rout-

ing and guidance functions provide a use-
ful service to pilots, particularly in bad
weather, but do not significantly improve
efficiency or capacity. Figure 3 shows
three targets. D:300 is a departing flight
following a given route, shown by the lit
centerline lights. FIN659N is an arriving
Finnair flight following a given route,
also shown by the lit centerline lights.
BRA587 is a Braatens flight that has just
left the gate for the runway. The two sur-
face movement radars (SMR1 and SMR2)
and the docking sensor are tracking it at
its present location.

Adaptability
When the project partners installed the

Vision demonstrator, each site used the
same main software components. Only the
maps and sensor interfaces needed devel-
opment and configuration.

Lessons learned
The project partners discovered a few

significant problems during system instal-
lation and testing.

Hardware platforms
In the initial project phases, the partners

developing the system used their own plat-
forms, which were either SGI or Sun work-
stations. They installed the final product on
SGI platforms. Each platform contained
different library versions, development
tools, operating systems, and so on. This
presented a serious handicap as soon as
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Figure 1. A conflict alert shown on an air traffic controller’s screen. The SAS departing
flight was in conflict with an arriving aircraft not shown. The approaching plane is
identified on-screen by it secondary surveillance radar code, 4262, in the window near
the runway threshold.  In this case, a red alert was set to trigger when the approaching
aircraft was 30 seconds or less from the runway.

Figure 2. Automatic labeling: (a) Docking sensor data is fused with the gate management
system, and the call sign is attached to the target. The docking sensor now tracks the 
target. (b) The target has been pushed back from its parking position to the taxiway and
is now visible to both the surface movement radar and docking sensor.

(a) (b)



component integration started. Partners
using the Sun environment had to “trans-
late” software from Sun to SGI, and some-
times from SGI to Sun, to ensure that it
worked correctly. During installation and
testing, the partners found additional prob-
lems, because it was difficult to reproduce
the conditions of a system working in a
different platform.

Lack of debug tools
The project lacked tools to analyze and

debug the system, isolating all the elements
in the chain from the sensor interfaces to
the objects displayed on the screen. So, a
detected malfunction was apparent only on
the screen, and a costly, exhaustive debug
procedure was required to infer where the
problem actually was.

Performance
Focusing on performance is important

when designing the various components,
especially when all processes run on a single
computer. In particular, performance prob-
lems were discovered when the demon-
strators were installed at Frankfurt and Gar-
dermoen. For example, the Spanish tracker
module required more processing power.

Limited time for validation
Owing to the tight program schedule,

there were only a few weeks for validation
and demonstration, especially regarding
user and controller feedback. This time
frame was too small to achieve a broader
perspective on operational system use.
Future system testers should ensure that
enough time is available for validation.

The Vision project confirmed that A-
SMGCS is a mature, viable technology that
can significantly contribute to the efficien-

cy and safety of airport operations. Under
certain conditions, use of an A-SMGCS can
increase traffic handling capacity by 100
percent while reducing controller workload.
Safety aspects of A-SMGCS, particularly
the conflict alert capability, can significantly
reduce the risk of runway incursions and
traffic conflict situations. This technology is
available in Europe thanks to the European
Union research efforts, although the US is
still lagging. (The American ASDE-X pro-
gram, which hopes to develop data fusion,
Mode-S multilateration, color displays, and
a vehicle tracking system, was still in the
definition phase as of November 2001.)

Most major airports in Europe have or will
soon have a modern A-SMGCS, whether
they will be updating current equipment or
installing the system from scratch. Although
the Vision demonstrator will not be used
directly in other projects, reuse of the design
concept for several software components,
including the routing, guidance, and conflict
alert functions, is already planned. Addition-
ally, other European Commission projects
such as BETA (Operational Benefit Evalua-
tion by Testing an A-SMGCS) will continue
to explore the benefits and possibilities of the
system in an operational environment.
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Figure 3. Three targets with extended labels (debug mode). The screen shows the tracking sensors for each target at the bottom of
the label. The system’s guidance function lights the segments in front of the targets on-screen.
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