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Introduction:  The continuing increase in 

commercial aviation traffic has prompted airspace 

authorities to take measures to increase the capacity 

and ensure the safety of flight in increasingly crowded 

airspace such as the North Atlantic region.  Current 

radar surveillance cannot track aircraft beyond sight of 

land, requiring traffic over the ocean to use inefficient 

and imprecise procedural techniques to provide 

separation.  Provision of continuous surveillance in this 

airspace would increase safety and security of air 

traffic, as well as allowing aircraft to follow more 

direct routes, saving time and fuel and reducing engine 

emissions.  Such a system could also be used over land, 

for example in Canada's high arctic, where large areas 

without air traffic surveillance currently exist. 
As a potential source of continuous surveillance, the pos-

sibility of using the Automatic Dependent Surveillance – 

Broadcast (ADS-B) system for monitoring air traffic from 

orbit is examined. Experimental work is described which 

successfully demonstrated reception using a stratospheric 

balloon of ADS-B signals sent over the 1090 MHz Extended 

Squitter system. A model is developed of the signal propaga-

tion from aircraft to satellites in various orbits, including 

atmospheric effects. The resulting power level at the orbital 

altitude is used to determine the net receiver gain needed to 

reliably detect the signals from orbit. The effect of signal 

collisions is modeled and resulting design parameters deter-

mined. ADS-B signals are concluded to be detectable with 

reasonable receiver gain at both LEO and GEO altitudes.  

The potential for a satellite system to implement ADS-B 

based surveillance is discussed [1]. 

Background on Air Traffic Management:  An 

essential function of Air Traffic Services (ATS), in-

cluding Air Traffic Control and other entities, is the 

management of air traffic in such a way as to prevent 

collisions between aircraft.  This is termed the provi-

sion of ‘separation’ [2].  In order to provide this ser-

vice, ATS relies on position information for aircraft in 

a given parcel of airspace.  Historically, ATS has relied 

on radar surveillance to provide this position informa-

tion.  However, due to the cost and complexity of radar 

installations, large areas of land exist without radar 

coverage, for example in remote northern Canada [3].  

As well, radar coverage is not available over the open 

ocean.  In these areas, control of air traffic has either 

not been possible, or has relied on ‘procedural separa-

tion’, wherein aircraft are assigned designated posi-

tions, altitudes, and timings, and required to routinely 

report their positions by radio [4].  This technique re-

quires the use of standardized waypoints for ocean-

crossing aircraft, lengthening their flights compared to 

great-circle routes with resulting increases in flight 

time, fuel consumption, and engine emissions.  These 

issues, as well as the navigational uncertainties associ-

ated with procedural separation [5] and the increasing 

crowdedness of some oceanic airspace have prompted 

an interest in new ways of providing surveillance and 

separation in remote and oceanic airspace. 

Automatic Dependent Surveillance – Broadcast 

(ADS-B):  An alternate method of providing aircraft 

position data is by ADS-B, in which aircraft continu-

ally transmit their identity and navigational informa-

tion.  Such signals are received by ground stations and 

relayed to ATS where they are used to supplement ra-

dar data.  They can also be received by other aircraft to 

allow aircrews knowledge of nearby traffic. 

ADS-B has the advantage that the ground stations 

are less complex and have lower power requirements 

than radar installations, and so a network of such sur-

veillance can be installed in remote areas for lower cost 

[6].  Such networks have already begun implementa-

tion in Canada and elsewhere [7].  However, ground 

stations cannot be installed in mid-ocean, leaving a 

coverage gap for oceanic airspace. 

Orbital surveillance:  A possible solution for sur-

veillance in oceanic airspace, or indeed over land, is 

the monitoring of aircraft-transmitted ADS-B signals 

using satellite-borne receivers.  To investigate this pos-

sibility, work was undertaken to determine the detect-

ability of such signals from orbit. 

Stratospheric balloon experiments.  The implemen-

tation of ADS-B selected for use in Canada, Europe, 

Australia, and the United States, called the 1090 MHz 

Extended Squitter (1090 MHz ES), defines an antenna 

pattern with a null directly above the aircraft.  To dem-

onstrate and characterize the detectability of the signals 

from above, two stratospheric balloons carrying 1090 

MHz ES receivers were flown.  These trials, called the 

Flying Laboratory for Detection of ADS-B Transmis-

sions (FLOAT), successfully detected ADS-B signals 

from altitudes of over 28 km, including from aircraft 

very near the nadir position, as well as at ranges over 

500 km [1][8]. 



Orbital detection analysis.  A signal propagation 

model of the 1090 MHz ES transmission from an air-

craft to a satellite has been developed, which accounts 

for the aircraft-to-satellite geometry as well as atmos-

pheric effects on the signal.  These latter include at-

tenuation in the neutral atmosphere and in clouds and 

precipitation, refraction, ionospheric effects, and scin-

tillation.  As well, the Doppler effect is calculated for 

all cases.  Finally, the possibility of signal collisions – 

obscuration due to simultaneous reception of signals 

from multiple aircraft – is investigated.   

Results.  The signal propagation model gives, as an 

output, the normalized signal-to-noise ratio of the sig-

nal at the position of the satellite, expressed as bit en-

ergy per noise (Eb/No).  This allows direct reading of 

the gain margin in the aircraft-to-satellite link, exclud-

ing gains or losses in the receiver.  From this the net 

receiver gain required to reliably detect the signal can 

be determined.  For Low Earth Orbiting (LEO) satel-

lites, net receiver gains of 0-5 dB were found neces-

sary; at geostationary orbit (GEO), 30 dB are required.  

LEO receivers would have a circular coverage region 

several hundreds of kilometers in radius (dependent on 

altitude), with a central null of a few tens of kilometers 

in which aircraft cannot reliably be detected.  At GEO, 

a receiver would have very large coverage areas, and a 

central null of thousands of kilometers radius.  With a 

30 dB gain, a single satellite at 100° W longitude could 

cover all of Canada (with the exception of the northern 

tip of Ellesmere Island), along with the oceanic air-

space for which Canada has responsibility, virtually the 

entire United States, the bulk of Brazil, and many other 

areas.  A second receiver spaced in longitude could 

cover Europe and provide continuous surveillance 

across the North Atlantic airspace. 

The Doppler effect for both LEO and GEO cases is 

found to be several orders of magnitude lower than the 

frequency variance allowed within the 1090 MHz ES 

standard [9]. 

A statistical model of the signal collisions is devel-

oped, and suggestions are made for techniques to ad-

dress the high rate of collisions which can occur for 

satellites with wide fields of view containing large air-

craft populations. 

Mission implications:  Numerous features of the 

ADS-B system lend it to an orbital implementation.  

ADS-B receiver equipment is comparatively low in 

mass and power requirements, having been carried 

routinely on aircraft for many years, and experimen-

tally on balloon payloads.  As well, the technology 

already exists, and needs only be adapted for space-

borne use, not developed.  A key advantage is that it 

allows a new surveillance capability without requiring 

new equipment aboard aircraft, easing the cost of adop-

tion and of integration with existing ATS systems.   

The nature of the satellite coverage – moving and 

near-global at LEO, covering broad swathes of the 

globe at GEO – implies both that the system implemen-

tation can be staged for validation and cost reasons, 

and that international co-ordination, as already exists in 

aviation standards and  intercontinental traffic man-

agement, is a likely avenue for deploying an eventual 

operational system. 

Conclusion:  ADS-B from orbit provides a poten-

tial technique for expanding surveillance of remote 

areas of Canada, including arctic regions seeing an 

increase in commercial aviation traffic, as well as in 

increasingly crowded airspace.  Provision of surveil-

lance in these regions has the potential to increase the 

safety, security, and efficiency of air traffic, with addi-

tional benefits in cost and environmental effects of 

aviation.  Experimental work has demonstrated the 

detectability of ADS-B signals from stratospheric plat-

forms, and theoretical analysis shows they can be de-

tectable from orbit with receiver gains obtainable from 

realistic systems.  An orbital ADS-B system has addi-

tional advantages in ease of implementation, low pay-

load demands, and high technical maturity. 
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