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HAYSTACK-WESTFORD SURVEY

W. E. Carter
C. J. Fronczek
J. E. Pettey

National Geodetic Survey
National Ocean Survey, NOAA
Rockville, Md. 20852

ABSTRACT. A special purpose three-dimensional geodetic
survey was conducted in the vicinity of the Haystack-~
Westford Radio Observatory complex near Boston, Mass.
The survey included a high accuracy network connecting
points of interest within the observatory complex and
connections to the North American Datum (NAD) and the
National Geodetic Vertical Datum (NGVD). Extraordinary
efforts were made to determine the components AXg, AYy,
AZg of the Very Long Base Line Interferometry (VLBI)
vector base line to the highest possible accuracy
between the Haystack and Westford radio telescopes.

This report contains descriptive information on the
methods employed in the collection, reduction, and anal-
ysis of the survey data, tabulations of the observa-
tional data, and numerical and interpretative results of
our analysis.

INTRODUCTION

The results are given for a special purpose study conducted by the
National Geodetic Survey (NGS), an office of the National Ocean Survey
(NOS), NOAA, in the vicinity of the Haystack-Westford Radio Observatory
complex near Boston, Mass.

The survey had three major goals:

® To determine the locations of the Westford and Haystack radio
telescopes relative to the North American Datum and the National
Geodetic Vertical Datum.

® To determine accurately the relative locations of the Haystack
VLBI, Doppler, and intercomparison-validation reference marks.

o To determine in a well defined coordinate system the magnitude
and orientation of the vector base line between the VLBI reference
points at the Haystack and Westford radio telescopes.

Since the survey required expertise within several specialized geodetic
areas, it was planned and managed by a special work group. W. E. Carter
served as Project Manager and C. F. Fronczek was Special Technical
Advisor. Field Operations were performed by geodetic teams G23,
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G-37, and G-47, under the direction of the party chiefs, H. D. McKinney,
D. C. Frazier, and R. S. Cohen, respectively.

The final adjustment of the survey was performed by using computer
program HAVAGO (Horizontal and Vertical Adjustment of Geodetic Observa-
tions). HAVAGO was developed by T. Vincenty (1979) of NGS for special
purpose surveys which combine horizontal, vertical, astronomic, and
electromagnetic distance measuring (EDM) observations in a three-dimen-
sional adjustment. The input for HAVAGO is listed in appendix A,
Output is shown in appendix B.

Close cooperation was received throughout the survey from the Northeast
Radio Observatory Corporation (NEROC), which operates the Haystack and
Westford Observatories. NEROC was directly responsible for all tasks
involving telescope operations and facility modifications.

BACKGROUND

The National Geodetic Survey, NOS, plans to use the Westford Radio
Observatory as one of three permanent stations for project POLARIS
(POLar motion Analysis by Radio Interferometric Surveying). The project
will utilize VLBI observations for monitoring polar motion and Earth
rotation (Carter et al. 1978).

The Haystack Observatory has been used for the past several years by
VLBI researchers, enabling the determination of very high accuracy base
lines between Haystack and several other radio observatories, e.g.,
National Radio Astronomical Observatory in Greenbank, W. Va.; Owens
Valley Radio Observatory, near Bishop, Calif.; and Goldstone Radio
Observatory, near Barstow, Calif. These observatories will very likely
be used as base stations, in conjunction with transportable VLBI systems,
to establish a much more extensive high accuracy network when VLBI
becomes an operational geodetic tool. The VLBI base lines have already
been used by NGS as a standard to check the Doppler satellite network
scale and orientation. The Doppler network will, in turn, be a very
important component of the new North American Datum.

Comparative studies of various 'space techniques" are being conducted
cooperatively by the National Aeronautics and Space Administration
(NASA) and NOS/NGS. Methods with geodetic potential include VLBI,

satellite laser ranging, lunar laser ranging, and Doppler satellite
observations.

The Haystack~Westford Radio Observatory is one of the primary sites
being used in these studies. As part of this program a facility suitable
for occupancy by transportable laser ranging and VLBI systems has been
constructed adjacent to the Haystack Radio Observatory. The measurements
made by the various methods refer to different reference points, and the
results can be compared only after their reduction to a common reference
point. This survey was designed to yield the data necessary to make
these reductions.



During the past several years Haystack-MIT (Massachusetts Institute’
of Technology) researchers have repeatedly used VLBI observations to
determine the vector base line from the Haystack radio telescope to the
Westford radio telescope. Their results are summarized in Rogers et al.
(1978). The only other comparative information available is the result
of a survey conducted by a private surveyor, R. Pressey, of Pressey, Inc.,
Lynn, Mass. Unfortunately, this survey was only designed to yield an
accurate length, i.e., the magnitude of the vector base line, and did
not address the question of orientation in any meaningful way. The
VLBI and survey-determined lengths did agree to better than 1 cm, but
the components had differences which were an order of magnitude larger.
The NGS survey design was strongly influenced by a desire to determine
optimally the components AXE, AYE, AZE of the Haystack-Westford base

line with present operational techniques and reasonable cost constraints.
HAYSTACK-WESTFORD VECTOR BASE LINE

Basic Formulation

The components of a line connecting two stations on the Earth, expressed in
a standpoint altitude-azimuth coordinate system are

AXA = B cos A cos a
AYA = B sin A cos a
AZA = B sin a

where
B is the chord distance between the statioms,
A is the azimuth of line B,

a is the altitude (vertical angle) of line B,

Subscript A indicates an altitude-azimuth reference frame.

If the astronomic latitude and longitude of the standpoint (i.e., the
direction of the local vertical with respect to the rotational axis
of the Earth and the Greenwich meridian) are known, the components can
be determined in an equatorial frame of reference. The appropriate
equations are



AXE = B [cos A (cos ¢ cos a — sin ¢ cos A cos a) - sin A cos A cos a]
AYE = B [sin A (cos ¢ sin a - sin ¢ cos A cos a) + cos X sin A cos a]
AZE = B [cos ¢ cos A cos a + sin ¢ sin a]

where

B, A, a are as previously defined,
¢ is the astronomic latitude,
A is the astronomic longitude.

Subscript E indicates an equatorial reference frame.

The concepts and equations which are briefly presented above form the
basis for the methods often referred to as three-dimensional geodesy.
Several books and papers have been published on the subject, e.g.,
Heiskanen and Moritz (1967), Bomford (1971) and Rapp (1975).

Survey Scheme

Because of local terrain, vegetation, and obstructions associated with
the radio telescopes and their enclosing structures, the VLBI vector
base line could not be directly observed. It was necessary to use the
survey network shown in figure 1.

The Haystack telescope (fig. 2) has an altitude-azimuth mount. The
vertical (azimuth) and horizontal (altitude) axes intersect (any eccentricity
is below the resolution of this survey) and the point of intersection is
the VLBI reference point for this telescope. There is no physical
component at this point, but rather it is a point in space that can be
located only with respect to some auxiliary monumented point.

A special marker was designed and fabricated by NEROC and installed on
the telescope trunnion. The location of the vertical axis was determined
and marked as accurately as the survey techniques would permit. (The
uncertainty is estimated to be a few tenths of a millimeter.) This mark
was given the station designation HAYSTACK-TRUNNION. It is located
directly below the intersection of axes at a location suitable for
setting up and operating instruments such as theodolites and EDM units.

NEROC cut two 30-cm-diameter holes in the Haystack radome to allow
lines of sight from HAYSTACK-TRUNNION to the instrument points on temporary
survey towers at stations OUTER CONTROL POINT (OCP) 2 and MILL.
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Figure l.--Haystack-Westford vector base line survey scheme.
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Figure 2.--The Haystack radio telescope is a 37-meter diameter
Cassegrainian type instrument with an intersecting axis alti-
tude azimuth mount. It is housed in a 46-meter diameter
rigid radome. HAYSTACK TRUNNION is the monumented survey
station established during the geodetic survey.



The Westford telescope is also an altitude-azimuth mounted instrument,
but the vertical and horizontal axes are offset by more than 0.3 meter.
(See fig. 3.) The VLBI reference point is located at the intersection
of the vertical axis with the plane containing the horizontal axis.
Again, this is a point in space that must be referred to an auxiliary
monumented point. A punch mark was made in the steel decking of the
telescope directly on the vertical axis. This mark was given the
station designation WESTFORD ANTENNA. The Westford telescope was NOT
enclosed in a radome during the survey.

Astronomic Observations

Astronomic latitude and longitude were determined at three points
in the immediate vicinities of stations WESTFORD, MILL, and OCP 2.
The astronomic positions of the remaining stations were considered to
be adequately determined because of their close proximity to one of
these primary stations, i.e., the deflections were assumed to vary
insignificantly for distances of a few tens of meters. Table 1 lists
the observed deflections at the three primary stations.

Table 1.--Deflections of the vertical

Deflections
Vicinity (arc sec) (arc gec)
OCP 2 -1.75 +0.08
MILL -1.85 + .52
WESTFORD -2.16 + .79

The longitude determinations were made by the meridian transit method
(Hoskinson and Duerksen 1947) using a Wild T-4 theodolite and a Data-
metrics model SP-300 digital timing system. All the observed stars
were taken from the Fourth Fundamental Catalogue (FK4) (Fricke et al. 1963).

The latitude determinations were made by the differential zenith
distance method, often referred to as the Horrebow-Talcott method
(Hoskinson and Duerksen 1947). The constraints on zenith distance
differences and time between transits of the stars forming pairs require
a catalog containing a large number of stars. It is not feasible to
form acceptable observing lists from the FK4, which only includes
approximately 1,500 stars. NGS presently uses the Smithsonian Astro-
physical Observatory Star Catalog (SAO 1966) which contains more than

250,000 stars. This catalog has been related to the FK4 through
zonal corrections.
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Figure 3.--The Westford radio telescope is an 18-meter diameter
Cassegrainian type instrument with an eccentric (nonintersecting)
axis altitude-azimuth mount. It is housed in a 30-meter diameter
inflated radome. WESTFORD ANTENNA is the monumented survey sta-

tion established during the geodetic survey.



Both the latitude and longitude determinations included observations
by two observers to minimize personal biases. Observations were made
on two or more nights to reduce anomalous refraction errors. In
addition, the sequences of observations were changed between nights
to broaden the spans of right ascension covered by the observations.

Astronomic azimuths were observed by the "direction method" (Hoskinson
and Duerksen 1947) using POLARIS at any hour angle. Analyses of
astronomic azimuths have shown that the determinations are contaminated
by significant systematic errors such as observer bias and instrumental
biases (Carter et al. 1978). To minimize the effects of these systematic
errors, a multiplicity of instruments and observers were employed.
Observations were repeated on different nights and the intensities of
the target lights were adjusted to resemble (as closely as possible)
the star. All azimuths were observed with Wild T-3 theodolites. For
the few lines not directly included in the azimuth observational program
(very short lines) azimuth orientations were obtained through angular
transfer using horizontal angles measured independently from the azimuth
determinations.

It is well known that the orientation of the physical body of the
Earth with respect to the axis of rotation varies with time. This
phenomenon is commonly referred to as polar motion. Polar motion
causes the components of a line expressed in an astronomic reference
frame to be time dependent. If multiple determinations of the components
made at different epochs are to be compared, the observed values must
be reduced to a common epoch. All astronomic latitudes, longitudes,
and azimuths used in this survey were reduced to the Conventional
International Origin using polar coordinates and time information
published by the Bureau International de 1l'Heure.

Altitude Observations

The altitudes (vertical angles) of the various lines were measured with
Wild T-3 theodolites. Because of the shortness of the lines and by the
use of surveying towers, which provided good ground clearance along all
primary lines, refraction was not a major source of uncertainty in the alti-
tude observations. The main sources of uncertainty resulted from measure-
ments of the heights of the instruments and targets above the marks and from
personal and instrumental biases. As with azimuth determinations, an attempt
was made to minimize these biases by using several observers, theodolites,
and observing periods.

Precise Leveling

Precise leveling was performed among the ground marks. These elevation
differences can be included in the three-dimensional adjustment if certain
assumptions are made about the behavior of the geoid within the survey area.
The assumption most commonly made is that the direction of gravity varies
uniformly between the endpoints of a line. Rapp (1975) presents appro-
priate observation equations for this simple model.
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The Haystack-Westford survey is very limited in extent and the terrain
is not unusually rugged. The deflections listed in table 1 do not
suggest any anomalous geoidal behavior in the area. The simple model
appears quite appropriate and was used in this survey adjustment.

Electromagnetic Distance Measurements

Electromagnetic distance measurements were made over all lines of
the survey scheme. Three different instrument models were used:
Tellurometer MA100, Hewlett Packard 3800, and Ranger IV. All were
calibrated immediately prior to their use, and their frequency standards
were checked frequently during the survey.

Meteorological measurements to determine the atmospheric index of
refraction were collected at regular intervals throughout the EDM :
observing periods. Experience has shown that, even after the application
of all known refraction corrections, scale biases as large as a few
parts in 10% often exist between EDM made during daylight hours and
darkness (Carter and Vincenty 1978). Since the source of bias is not
clearly understood, it is not possible to state definitely what relation-
ship exists between the correct scale and daytime or nighttime observa-
tions. With the absence of better guidelines, the EDM observing schedules
were divided almost equally between daylight and nighttime periods. For
this particular survey, the primary sources of errors in the EDM observa-
tions were probably instrumental biases and setup (centering).

Comparison with VLBI Results

The components of the Haystack-Westford base line (extracted from
appendix B) are given in table 2, along with the values derived from
the VLBI experiments. The differences between the AY. and AZ, components
are larger (by a factor of 2 to 4) than would be expected from the esti-
mated uncertainties associated with the values. If these values are

Table 2.--Comparison of NGS and VLBI components of the
Haystack-Westford vector base line in an equatorial
reference frame

Difference
Components NGS VLBI NGS-VLBI
m m m
AXg -198.139 -198.139 ~0.000
AYg -863.983 -863.999 + .016
AZg -866.234 -866.223 - .011

B 1,239.390 1,239.394 - .004
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transformed to a Haystack altitude-azimuth frame of reference, the
discrepancy is almost entirely in the AZ, component (table 3), which

Table 3.--Comparisons of NGS and VLBI components of the
Haystack-Westford vector base line in a Haystack
altitude-azimuth reference frame

Difference
Components NGS VLBI NGS-VLBI
m m m
AXp -1,149.592 -1,149.594  +0.002
AY -462.196 -462,200 + .004
AZ, -30.024 -30.005 - ,019

corresponds closely to a disagreement in the difference in elevation of
the two observatories. To ensure that no undetected blunders had

been made in the NGS survey, a special team verified the connections
between the Haystack VLBI reference point and OCP 2 and Westford VLBI
reference point and station WESTFORD 1978. Both connections checked

to *1 mm. Later, the difference in elevation between OCP 2 and
WESTFORD 1978 was also verified by the leveling team which made the
connection between the Haystack-Westford scheme and the NGVD.

During the reduction, adjustment, and analysis of the survey, tests were
run to determine the sensitivity of the solution to the selection and
weighting of individual observations. For example, adjustments were made
with only the zenith distances, only the leveling, and both the zenith distance
and leveling observations included. The a priori uncertainty estimates of
the observaions were also varied. The components of the base line varied by
only a few millimeters for the solutions based on what we considered plausible
data sets. It appeared very unlikely that the base line components deter-
mined by the survey could be in error by enough to explain a significant
portion of the 0.019 meter discrepancy in AZ,.

Rogers et al. (1978) had pointed out very explicitly that little was
known about the gravitational flexures of the two radio telescopes.
Because of the disagreement between the NGS and VLBI results, NEROC
personnel measured the flexures. They found that the Haystack telescope
did exhibit significant flexure. The effect of this flexure on the VLBI
base line orientation is qualitatively correct, and quantitatively of
the correct order of magnitude. The final numbers were not available
in time for inclusion in this report, and will be published elsewhere
in a joint NGS-MIT-NEROC paper.
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NAD 1927 CONNECTION

The connection to the North American 1927 Datum is shown in figure 4. Both
EDM and horizontal directions were observed. WACHUSETTS 2 1896 and
TADMUCK (MAGS) 1936 are transcontinental traverse (TCT) stations. This net-
work was included in the survey adjustment performed by program HAVAGO, and
all pertinent data are given in appendices A and B.

OCP 2

MILL
MICRO

TADMUCK
(MAGS) 1936

WACHUSETT 2 1896

Figure 4.--Connection of Haystack-Westford vector base line
survey scheme to NAD.

NGVD 29 CONNECTION

In addition to the precise leveling accomplished as an integral part of the
Haystack-Westford vector base line survey, a first-order, class I level line
was run to connect the local scheme to the National Geodetic Vertical Datum
(NGVD). The spur line is 24.4 km in length and connects to the first-order
network at Lowell, Mass., at bench mark Z33. Figure 5 shows the path of the
survey. The field work was completed by a subunit of Party G-37, under the
supervision of R. Taylor. An adjustment was performed by the NGS Vertical
Network Branch, holding the elevation of bench mark Z33 fixed at the
NGVD 29 value of 46.410 m. The resulting normal orthometric heights are
listed in appendix C.

GRAVITY SURVEY

Gravity measurements were made along the level line that connects to the
NGVD 29 and at several survey marks within the observatory complex. Ties
were also made to the U.S. National Gravity Base Network (USNGBN). The field
work was done by L. M. Johnson, and the data were reduced and adjusted by the
NGS Gravity, Astronomy, and Satellite Branch. Results are listed in appendix D.
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Figure 5.--Connection of Haystack-Westford Radio Observatory complex
to National Geodetic Vertical Datum. Heavy dashed line indicates
route of new leveling.
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APPENDIX A.--INPUT DATA FOR ADJUSTMENT

Program HAVAGO produced the following computerized listing of input
observational data for the survey.
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APPENDIX B.--OUTPUT DATA FOR ADJUSTMENT

The following computerized listing, using program HAVAGO, shows the output
of the three-dimensional adjustment.
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APPENDIX C.--LISTING OF ORTHOMETRIC HEIGHTS

The following computerized listing is the output of the leveling adjustment
program. :
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APPENDIX D.--LISTING OF GRAVITY VALUES

The following computerized listing is the output of the gravity reduction
and adjustment program.
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(Continued from inside front cover)

Determination of North American Datum 1983 coordinates of map corners. T. Vincenty, October
1976, 8 pp (PB262442), Predictions of changes in coordinates of map corners are detailed.

Recent elevation change in Southern California. S.R. Holdahl, February 1977, 19 pp (PB265-
940). Velocities of elevation change were determined from Southern Calif. leveling data
for 1906-62 and 1959-76 epochs.

Establishment of calibration base lines. Joseph F. Dracup, Charles J. Fronczek, and Raymond
W. Tomlinson, August 1977, 22 pp (PB277130). Specifications are given for establishing cali-
bration base lines.

National Geodetic Survey publications on surveying and geodesy 1976. September 1977, 17 pp
(PB275181). Compilation lists publications authored by NGS staff in 1976, source availa-
bility for out-of-print Coast and Geodetic Survey publications, and subscription information
on the Geodetic Control Data Automatic Mailing List.

Use of calibration base lines. Charles J. Fronczek, December 1977, 38 pp (PB279574). De-
tailed explanation allows the user to. evaluate electromagnetic distance measuring instru-
ments.

Applicability of array algebra. Richard A, Snay, February 1978, 22 pp (PB281196). Condi-
tions required for the transformation from matrix equations into computationally more effi-
cient array equations are considered.

The TRAV-10 horizontal network adjustment program. Charles R. Schwarz, April 1978, 52 pp
(PB283087). The design, objectives, and specifications of the horizontal control adjuste2nt
program are presented.

Application of three-dimensional geodesy to adjustments of horizontal networks. T. Vincenty
and B. R. Bowring, June 1978, 7 pp (PB286672). A method is given for adjusting measurements
in three~dimensional space without reducing them to any computational surface.

Solvability analysis of geodetic networks using logical geometry. Richard A, Snay, October
1978, 29 pp (PB291286). No algorithm based solely on logical geometry has been found that
can unerringly distinguish between solvable and unsolvable horizontal networks. For leveling
networks such an algorithm is well known.

Goldstone validation survey - phase 1. William E, Carter and James E. Pettey, November
1978, 44 pp (PB292310). Results are given for a space system validation study conducted at
the Goldstone, Calif., Deep Space Communication Complex.

Determination of North American Datum 1983 coordinates of map corners (Second Prediction).
T. Vincenty, April 1979, 6 pp (PB297245). New predictions of changes in coordinates of
of map corners are given.

The HAVAGO three-dimensional adjustment program. T. Vincenty, May 1979,.18 pp (PB297069).
The HAVAGO computer program adjusts numerous kinds of geodetic observations for high preci-
sion special surveys and ordinary surveys.

Determination of astronomic positions for California-Nevada boundary monuments near Lake
Tahoe. James E, Pettey, March, 1979. Astronomic observations of the 120th meridian were
made at the request of the Calif. State Lands Commission.

HOACOS: A program for adjusting horizontal networks in three dimensions. T. Vincenty, July
1979, 13 pp. Horizontal networks are adjusted simply and efficiently in the height-control-
led spatial system without reducing observations to the ellipsoid.

Geodetic leveling and the sea level slope along the California coast. Emery I. Balazs and
Bruce C. Douglas, September 1979, 23 pp. Heights of four local mean sea levels for the 1941~
59 epoch in California are determined and compared from five geodetic level lines observed
(leveled) between 1968-78.

(Continued on inside back cover)
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(Continued)
NOAA Technical Reports, NOS/NGS subseries

The statistics of residuals and the detection of cutliers. Allen J. Pope, May 1976,
133 pp (PB258428). A criterion for rejection of bad geodetic datsa is derived on the
basis of residuals from a simultaneous least-gsquares adjustment, Subroutine TAURE is
included.

Effect of Geoceiver observations upon the classical triangulation network. R. E. Moose
and 5, W. Henriksen, June 1976, 65 pp {PB260921). The use of Geoceiver observations is
investigated as a means of improving triangulation network adjustment results.

Algorithms for computing the geopotential wusing a simple-layer density model. Foster
Morrison, March 1977, 41 pp (PB266967). Several algorithms are developed for computing
with high accuracy the gravitational attraction of a simple-density layer at arbitrary
altitudes. Computer program is included.

Test results of first-order class III leveling. Charles T. Whalen and Emery Balazs, No-
vember 1976, 30 pp (GPO# 003-017-00393-1) (PB265421). Specifications for releveling the
National vertical control net were tested and the results published.

Selenoccentric geodetic reference system. Frederick J. Doyle, Atef A. Elassal, and James
R. Lucas, February 1977, 53 pp (PB266046). Reference system was established by simulta-
neous adjustment of 1,233 metric-camera photographs of the lunar surface from which 2,662
terrain points were positioned.

Application of digital filtering to satellite geodesy. C. C. Goad, May 1977, 73 pp (PB-
270192). Variations 1in the orbit of GE0S5-3 were analyzed for tidal harmonic co—
efficient values which perturb the orbits of artificial satellites and the Moon.

Systems for the determination of polar motion. Soren W. Henriksen, May 1977, 55 pp
(PB274698), Methods for determining polar motion are described and their advantages and
disadvantages compared.

Control leveling. Charles T. Whalen, May 1978, 23 pp (GPO# 003-017-00422-8) (PB286838).
The history of the National network of geodetic control, from its origin in 1878, is pre-
sented in addition to the latest observational and computational procedures.

Survey of the McDonald Observatory radial line scheme by relative lateration techniques,
William E. Carter and T. Vincenty, June 1978, 33 pp (PB287427). Results of experimental
application of the "ratio method"” of electromagnetic distance measurements are given
for high resolution crustal defotmation studiea in the vicinity of the McDonald Lunar
lLaser Ranging and Harvard Radio Astronomy Staticns.

‘An algorithm to compute the eigenvectors of a symmetric matrix. E, Schmid, August 1978,

5 pp (PB287923). Method describes computations for eigenvalues and eigenvectors of a
symmetric matrix.

The application of multiquadric equations and point masg anomaly models to crustal move-
ment studies, Rolland L, Hardy, November 1978, 63 pp (PB293544). Multiquadric equa-
tions, both harmonic and non-harmonic, are suitable as geometric prediction functions for
gurface deformation and have potentiality for usage in analysis of subsurface mass redis-
tribution aseociated with crustal movements.

NOAA Manuals, NOS/NGS subseries

Geodetic bench marks. Lt. Richard P, Floyd, September 1978, 56 pp (GPO# 003-017-00442-2)
(PB296427). Reference guide provides specifications for highly stable bench marks,
including chapters on installation procedures, vertical instability, and site selection
considerations.



U.S. DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration
National Geodetic Survey, C13x4

Rockviile, Maryland 20852

OFFICIAL BUSINESS

PQOSTAGE AND FEES PAID

U.S. DEPARTMENT OF COMMERCE
COM-210

THIRD CLASS MAIL






