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INTRODUCTION 

During August, 1991, a series of joint flight evaluations were 
conducted by the United States' Federal Aviation Administration 
(FAA), and the Civil Aviation Administration (CAA) of Norway. 
The flight evaluations were conducted to provide flight test 
verifications of certain aspects of advanced microwave landing 
system (MLS) operations. Advanced MLS procedures were flown in 
two locations in Norway: Fornebu airport in Oslo, and the 
Gardermoen Airport. The FAA Boeing 727 (N-40) and Beech King Air 
200 (N-35) flew the advanced MLS procedures at both airports. 
The data used in this report was collected on the Boeing 727. 
Since the MLS equipment at both Fornebu and Gardermoen was 
collocated with commissioned category I instrument landing 
systems (ILS), the data collection system in N-40 was configured 
to record MLS and ILS data simultaneously. 

TEST OBJECTIVES 

1. Flight data collection when flying a computed centerline 
approach when the MLS azimuth antenna is offset from the runway 
centerline. 

2. MLS equipment interoperability. 

3. Simultaneous collection and subsequent comparison of ILS 
and MLS data. 

This report addresses objective #3. 

EQUIPMENT DESCRIPTION AND SITING 

The MLS ground equipment used for these tests was of two 
different types and siting configurations. At Fornebu, the 
installed MLS ground equipment was manufactured by Thomson CSF of 
France and consisted of a 2.3° beamwidth azimuth and a 1.3° 
beamwidth elevation. The system was sited to service runway 01 
with the azimuth in an offset configuration 323 metres (1060 
feet) forward and 83 metres (273 feet) to the pilot's left of the 
stop end of runway 01. The azimuth was rotated 1.4° in a 
counter-clockwise direction so that the boresight or 0° beam 
intersected the extended runway centerline 1939 metres (6361 
feet) from the threshold of runway 01. The elevation was sited 
in a conventional manner 263 metres (864 feet) backset and 80 
metres (261 feet) to the pilot's right of the threshold of runway 
01. The landing length of Fornebu runway 01 was 1750 metres 
(5740 feet). At Gardermoen, the installed MLS ground equipment 
was manufactured by Hazeltine of the USA and consisted of a 2° 
beamwidth azimuth and 1.5° elevation conventionally sited to 
service runway 19. The azimuth was sited 279 metres (914 feet) 
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backset from the stop end of runway 19 on the extended runway 
centerline. The elevation was sited 338 metres (1108 feet) 
backset and 119 metres (392 feet) to the pilot's right of the 
threshold of runway 19. The landing length of Gardermoen runway 
19 was 2879 metres (9444 feet). Neither airport had a distance 
measurement equipment (DME) associated with the MLS equipment. 

The ILS equipment used for these tests was installed in a 
conventional manner at both airports. At Fornebu, the localizer 
was sited on the extended runway 01 centerline 385 metres (1262 
feet) backset from the stop end of runway 01. The glide slope 
was sited 264 metres (864 feet) backset and 107 metres (350 feet) 
to the pilot's right relative to the threshold of runway 01. The 
nominal glide rath angle published for the Fornebu ILS 01 
approach was 3 . At Gardermoen, the localizer was sited on the 
extended runway 19 centerline 512 metres (1680 feet) backset from 
the stop end of runway 19. The glide slope was sited 338 metres 
(1108 feet) backset and 119 metres (392 feet) to the pilot's 
right relative to the threshold of runway 19. The nominal glide 
path angle published for the Gardermoen ILS 19 approach was 3.2°. 

All of the airborne data used in this report were collected using 
the FAA instrumented Boeing 727, N-40. A Bendix ML-201A MLS 
receiver was used to collect the MLS data; a Bendix RNA-34AF 
navigation receiver was used to collect the localizer and glide 
slope data. These receivers output both analog and digital data. 
Digital data were recorded at the full rate of the MLS 
subsystems, 39 Hz, and at the same rate for the ILS localizer and 
glideslope. 

The ground truth or tracking system used for these tests was the 
FAA Technical Center's Single Point Optical Tracking and Ranging 
System (SPORT). The SPORT consisted of a precision theodolite, 
with drive motors in both the azimuth and elevation axes, which 
was modified to mount a high resolution video camera equipped 
with a telephoto lens. The video from the camera was processed 
in real time to generate an error signal based on tracking the 
point of greatest contrast in the video image. The system 
automatically tracked the nosewheel taxi light of the test bed 
aircraft. Accurate range information was provided by a 
commercially available C-Band ranging system. The ranging system 
was cooperative and required the installation of a small 
transponder and antenna on the target aircraft. Overall system 
accuracy for the SPORT was +/- 36 arc seconds (+/- 0.0061°) in 
both azimuth and elevation and +/- 1.0 metre (+/- 3.28 feet) in 
range. The tracker data were recorded synchronously at a rate of 
10 Hz. Each data point from the tracker consisted of time, 
thoedolite azimuth and elevation angles, and slant range from the 
tracker to the aircraft. Tracker time was synchronized with 
aircraft time using a portable time code generator. At both 
airports, the SPORT was located at a known point near the MLS 
elevation site and tracked all runs from that position. 
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TEST DESCRIPTION 

ILS/MLS comparison data was collected at both Fornebu and the 
Gardermoen airports. During the Fornebu tests, commercial 
airline traffic on runway 06, the active runway during the test 
flight, and aircraft noise considerations limited the number of 
recorded approaches to two. Therefore, for the purposes of this 
report, two ILS straight-in approaches to Fornebu runway 01 were 
recorded and analyzed. MLS computed guidance for runway 
centerline alignment and 3° glide path was used for both of the 
approaches. ILS/MLS comparison data was collected at Gardermoen 
over two days during the MLS advanced procedures demonstration. 
For the purposes of ths report, a total of four straight-in 
approaches to Gardermoen runway 19 were recorded and analyzed. 
MLS computed guidance for runway centerline alignment and 3.2° 
glide path was used for all of the approaches. Unfortunately, 
on both days, low clouds limited the range of the tracked data to 
less than 18.5 kilometres (10 nmi). On all approaches, at both 
airports, ILS data was recorded simultaneously with MLS data. 

RESULTS AND ANALYSIS 

Figures 1 and 2 show the MLS azimuth and elevation errors as a 
function of horizontal range from the threshold of Fornebu runway 
01. The azimuth error data shows a slight negative bias of 
approximately 0.03° with a noise component of approximately +/-
0.0250. The elevation error data shows a positive bias of 
approximately 0.05° with a noise component of approximately +/-
0.010. The biases remain quite constant with range and the noise 
components for both the azimuth and elevation subsystems are 
consistent with their relative beamwidths. 

Figures 3 and 4 show the ILS localizer and glideslope errors 
recorded simultaneously for the same two runs at Fornebu as a 
function of horizontal range from the threshold of runway 01. 
The localizer data appears extremely noisy (note the expanded 
vertical scale) on both of the runs. The ~lide slope data shows 
a varying negative bias of as much as 0.10. Figure 5 is tracker 
data which shows the test bed aircraft track in azimuth and 
elevation relative to the localizer and the glide slope for run 
#3 at Fornebu. Figure 6 shows the raw localizer and glide slope 
data recorded for the same run and plotted to the same scales. 
Run #2 has the same characteristic but is not displayed in the 
interest of brevity. It can be seen from inspection of figures 5 
and 6 that the noise displayed in the localizer error plots of 
figures 3 and 4 are due to noise on the localizer signal. A 
possible explanation for the recorded perturbations to the 
localizer guidance signal is the previously mentioned traffic on 
Fornebu runway 06. since runway 06 crosses near the midpoint and 
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also at the point of highest elevation on runway 01, it quite 
likely that the arriving and departing traffic on runway 06 
interfered with and blocked the localizer signal received by the 
test aircraft. It is interesting to note that the MLS azimuth 
remained virtually unaffected by the crossing traffic on runway 
06. 

Figures 7 through 10 show the MLS azimuth and elevation errors as 
a function of horizontal range from the threshold of Gardermoen 
runway 19. The azimuth error data shows a positive bias of 
approximately 0.04° with a noise component of approximately +/-
0.0150. The elevation error data shows a negative bias of 
approximately 0.065° with a noise component of approximately +/-
0.010. The biases remain quite constant with range and the noise 
components for both the azimuth and elevation subsystems are 
consistent with their relative beamwidths. 

Figures 11 and 14 show the ILS localizer and glideslope errors 
recorded simultaneously for the same four runs at Gardermoen as a 
function of horizontal range from the threshold of runway 19. 
The localizer data appears much smoother than at Fornebu, but 
with noticeably more noise than the MLS azimuth data. The glide 
slope data shows very little bias with a noise component of 
approximately +j-0.03°. 

CONCLUSIONS 

The data from the MLS flight evaluations in Norway showed: 

1. that MLS guidance quality is superior to ILS guidance 
quality in terms of accuracy and susceptibility to interference 
from overflying and taxiing aircraft, and 

2. computed centerline approaches with an offset MLS azimuth 
installation demonstrated the advanced operational capability of 
MLS. 
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